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CHAPTER I 

INTRODUCTION 

Corn (Zea mays indentata) ranks second to wheat in total production 

among the world's cereal grain crops (CIMMYT, 1984). In the United States, 

corn is the major crop on cultivated land with total production greater than half 

of that produced in the enrre world (Olson and Sander, 1988). In the Texas 

panhandle, corn ranks as the number one feedlot diet grain. Corn, whether 

steamed flaked, dry rolled, or stored with a high moisture content, is used 

commonly in feedlot diets as a source of energy for the animal (Holthaus, 1997). 

The reason that corn Is so widely used in the Texas panhandle is because 

sorghum, although less expensive to grow, has high variability in its physical 

shape and chemical make-up. The availability plays a factor in desirability. In 

the past 10 years approximately 200 million tons of corn has been produced, of 

which 40 to 50% has been fed to livestock (Tildren, 1988). 

The preferred method of processing is steam-flaking. Steam-flaking is a 

relarvely easy process that involves high heat, moisture uptake, and a roller mill. 

The high heat allows for chemical disrupron within the kernel and the roller mill 

causes a physical disrupron. The process of steam-flaking will gelarnize the 

starch, break disulfide bonds, and increase the surface area of the kernel. 

Through gelarnizaron, disulfide bond breakage, and increasing surface area of 

the corn kernel, the ruminal bacteria have a potenrally greater access to the 
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kernel. Steam-flaking corn can improve the feeding value by five to six % when 

compared to dry rolling (Saba et al., 1964; Hale, 1973). Rooney and Pflugfelder 

(1986) reported that the starch content of waxy corn is nearly 100% amylopectin 

and that the digesrbility of the starch is inversely proportional to the amylose 

content. Smith (1995) reported that waxy hybrids of sorghum processed more 

efficienry when compared to non waxy hybrids. 

The disulfide bond is a covalent crosslink that connects two cysteine 

residues of proteins (Voet and Voet, 1995). These disulfide crosslinks help 

stabilize the tertiary or narve structure of the starch-protein matrix. The 

presence of disulfide bonds makes the starch-protein matrix less susceprble to 

unfolding and subsequent degradation. Disulfide bonds play no roll in the 

determinaron of the native conformaron, but they are important in forming 

spontaneously where two cysteines residues are located in proximity to one 

another (Voet and Voet, 1995). The physical disrupron caused by steam-flaking 

helps reduce the disulfide bonds to sulfhydryl groups, and removes the resuirng 

two cysteine from proximity of one another. 

Starch retrogradaron has an important textural and dietary implicaron in 

the baking industry. Through retrogradaron, starch can become resistant to 

amylolytic enzymes and causing the narve structure to reform therefore making 

retrogradaron an important area to study in the feed industry (Eerlingen and 

Delcour, 1995). Many additives and compounds influence the rate and extent 

that starch is retrograded. The type of starch and the chain length also affect 
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starch retrogradaron. However, because steam-flaked grain in the feedlot 

industry is not stored, starch retrogradaron will not have adequate rme to 

occur, but in cases where grain is stored or bagged retrogradaron could be 

important. 

Generc research has given producers varieres of grain that not only 

improve performance in the field, but also improve the nutrient content of the 

grain. It has yet to be proven whether these generc enhancements will provide 

improvements in the processing of corn. Previous research (Smith, 1995) has 

shown that different types of grains process more efficienry than others. Swift 

(1997) and Salyer (1998) reported differences in processing efficiencies between 

corn hybrids. Therefore, the objectives of this research project were: (1) to 

determine the quantitarve electrical usage of steam-flaking different corn 

hybrids; and (2) to analyze the effect of starch retrogradaron on corn hybrid 

with respect to dry matter, ash, crude protein, crude fiber, crude fat, total starch, 

starch availability, free sulfhydryl groups and in vitro digesrbility of the corn 

hybrids both unprocessed and steam-flaked. 
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CHAPTER II 

LITERATURE REVIEW 

Corn Hybrids 

Unlike most of the countries around the world, the U. S. indigenous corn 

has been replaced by hybrids (Goodman and Brown, 1988). Wych (1988) noted 

that the first commercial hybrids were produced in the early 1920s and from 

those modest beginnings our present-day hybrid seed corn industry developed. 

The first hybrids produced and sold commercially were almost exclusively double 

crosses. However, several factors contributed to a significant transiron from 

double cross hybrids to single cross hybrids within the U.S. Corn Belt. This 

transiron began in the late 1950's and conrnued through the 1980's (Wych, 

1988). Before the impact of hybridizaron, corn tended to be homogenous. The 

lack of homogeneity has allowed the corn breeder to select for a variety of 

differing characterisrcs (Perry et al., 1974). Through the production of hybrid's, 

corn has become a specialized product with unique characterisrcs that are 

valued by processors and users (Engeike, 1997). 

The goal of corn production is to reduce costs and to increase production. 

When a corn crop can be grown and retain its idenrty of high oil, low phytate, or 

high starch content, these characterisrcs can greatly enhance the market value 

of the crop. These intrinsic characterisrcs result in value-added corn. In the 
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past, the indicator of corn's quality was yield per acre and moisture content, but 

now more intrinsic qualires such as crude protein and starch are used to 

determine of the quality. Presenry, incenrves are offered to producers who grow 

these highly nutrirous feed grains. House (1997) noted that production of corn 

hybrids having increased oil content can bring a premium of $.20-.30 per bushel 

over the normal corn hybrids. However, to uriize these highly intrinsic 

characterisrcs for specialized uses, their identity must be preserved throughout 

storage, markerng and transportaron. 

The primary consrtuents of a corn kernel are oil, protein, and starch (Coe, 

1988). Modern technologies in generc manipularon of corn hybrids, have 

allowed scienrsts to produce high lysine, high oil, high amylose and waxy 

varieres. In combinaron, with improving grain processing methods, these 

attributes make the grain even more desirable. 

The largest cost in livestock production i.e. the feedlot industry is the cost 

of the grain. The increase in net energy that these new hybrids add to the 

livestock diets through higher oil and starch content might be of economic 

interest. High oil corn hybrids contain 50% more energy in oil over that of 

normal corn. Thus high oil corn supplies more energy per unit to the animal. 

House (1997) reported that high oil corn hybrids have proven to be a viable 

replacement to tradironal energy sources. There are also other benefits to using 

these improved hybrids. Feeding high oil corn can reduce the feed cost, 

improve processing, reduce dust and have better palatability (Engeike, 1997). 

6 
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Ladely et al. (1995) noted that modificarons in starch, protein, and 

general properties of the corn kernel could result in differences among the 

feeding value of the corn hybrids. Research reports have shown differences in 

cattle performance and digesrbilires of grain hybrids that have improved 

nutrironal qualires verses the normal corn hybrids (Ladely et al., 1995). 

There is no perfect hybrid. Each hybrid has a particular range of soil type, 

fertility level, production practices, geographical area, and weather condirons 

that maximize performance and influence the nutrironal qualires of the grain 

(Engeike, 1997). To maximize the greater nutrironal qualires, these improved 

hybrids must be evaluated based on production and environment. To oprmize 

potenral benefits of these hybrids, idenrres must be preserved and must be 

produced in suitable condirons. 

Concepts in Grain Processing and Steam-Flaking 

Processing of cereal grains and other commodires in livestock production 

and feed manufacturing has been used for many years. Methods of processing 

vary from added heat, added moisture, and physical disruption of the product. 

Hale (1980) classified the methods of processing into two major categories: (1) 

dry processing, and (2) wet processing. Dry processing would include grinding, 

dry rolling, cracking, popping, extruding, micronizaron, roasrng, and 

thermalizing. Wet processing methods would include steam-flaking, pellerng. 
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reconstituron, exploding, pressure cooking, high moisture storage, and steam 

rolling. Ensminger (1985) later categorized processing into physical and/or 

chemical methods. The change in physical properties resuirng from the addiron 

or removal of water, addiron of heat, pressure, and(or) particle size reduction, 

while a chemical processing method would cause the change of starch availability 

by disruprng the matrix (Smith, 1995). Orskov (1979) reported that minimum 

processing is required to achieve maximum nutrient uriizaron. 

Steam-flaking is a processing method that uriizes a steam chest, which 

allows the grain to be steamed for approximately 30 minutes at 96-105°C, after 

which the cooked grain will be flaked using corrugated rolls. In the process of 

steam-flaking, condironers are often used to aid in moisture uptake, increase 

flake durability, and decrease the of quanrty of fines produced. Anderson 

(1994) reported that condironing agents and the rate of applicaron prior to 

steaming affected flake durability, as did the amount of moisture added before 

steaming. The primary purpose of steam-flaking is an increase in surface area 

and gelarnizaron, which allows for greater digesrbility. 

Degree of steam flaking is measured by the bushel weight of the flaked 

product, which influences animal productivity. Xoing et al. (1991) conducted a 

study to evaluate flaked bushel weights in relaron to feedlot animal productivity. 

3 bushel weights were tested (.43 kg/I, .36 kg/I, and .28 kg/I of steam-flaked 

sorghum). Of the 3 bushel weights tested, the .28 kg/I maximized the efficiency 

of gain. This was all according to the economic implicarons for this degree of 

8 
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steam-flaking. One of the most important properties to steam-flaking along 

with flake density is flake durability. The grain flake has to be durable enough to 

resist breakage in handling and delivery. In Xiong's study, it was reported that 

a .36 kg/I flake had better durability than either of the other two densires 

measured. Percent fines are also a determining factor to flake quality. Fines, 

are the remnants of broken flakes, undesirable because they lead to a decrease 

in feed consumpron, decreased productivity, and possible acidosis. 

It has been established that steam-flaking improves the feed value of the 

grain being processed. Saba et al. (1964) and Hale (1973) both reported that 

steam-flaking can increase feeding value of corn by as much as five to six 

percent, due to the greater digesrbility and starch availability of the grain. In 

addiron, McNeill et al. (1971) reported that steam-flaking grains increased 

gelarnizaron more so than other processing methods did. 

Starch Gelarnizaron 

The chemical and physical structure of starch, enables it to rotate 

polarized light and form a maltese cross; this is termed, birefringence. The 

irreversible loss of birefringence occurs when starch is gelarnized (Smith, 1995). 

Gelarnizaron occurs when moisture and heat are in sufficient quanrres to 

disrupt intermolecular hydrogen bonds (Zobel, 1984). Rooney and Pflugfleder 

(1986) described the chemical and physical changes that occur during 

gelarnizaron as: "the starch granules absorb water, swell, exude part of the 

9 



amylose, become more susceprble to enzyme degradaron and lose 

birefringence" (p. 1610). For gelarnizaron to happen there has to be heat and 

water. French (1973) noted that starch granules swell and absorb 50% or more 

of their weight in water, but for irreversible swelling, temperatures of 60 to 80°C 

have to be obtained. If the temperature and rme of hearng is extended, the 

starch granule's disrupron is even greater with the mechanical processing. 

Chandrashekar and Kirleis (1988) studied the role of protein on 

gelarnizaron. They found the presence of karfirin; a prolamin protein of 

sorghum limited the degree of gelarnizaron. They also noted, with the use of 2-

mercaptoethanol to break down the starch-protein matrix and disulfide bonds, 

there was an increase in starch gelarnizaron. It has been suggested that 

alkalies, salts, sugars, lipids, alcohols, organic acids, and pH adjustments can 

alter the temperature at which starch can gelarnize (Zobel, 1984). 

Starch-Protein Matrix 

The interactions between the starch and the protein matrix in cereal grain 

have been seen to have an effect on the digesrbility of the starch and protein. 

The composiron of the starch-protein matrix effects the digesrbility by reducing 

enzyme hydrolysis. Hale (1973) stated that certain processing methods could 

disrupt the protein matrix of the endosperm, therefore increasing surface area 

and leading to a greater enzymarc degradaron of the starch. Change in the 

organizaron of the sorghum grain kernel to release the starch granules from the 

10 



matrix offers an increase in carbohydrate uriizaron (McNeill et al., 1975). 

Rooney and Pflugfelder (1986) stated that the matrix was the direct factor 

affecting the digestion of starches. 

Rooney and Pflugfelder (1986) further stated that granules of starch can 

be completely embedded in the protein matrix. Disrupron of the matrix by 

processing methods aids in the increased release and digesrbility of the starch 

granule. Disrupron of the matrix and an increased surface area makes for easier 

access by the rumen bacteria and enzymes associated with starch breakdown 

(Hale, 1973). 

The protein composirons of the sorghum and corns endosperms are very 

similar, although certain differences do exist (Walls and Paulis, 1971). The 

sequences of the proteins in these two cereal grains are dependent on the 

properties for their functions. Properties that could limit the functions are the 

chemical make up of the protein, i.e. the amino acid sequence. Also affecting 

the starch-protein matrix is the amount of disulfide bonding within the protein. 

Processing the grain breaks the disulfide bonds in the matrix to yield free 

cysteine residues or sulfhydryl groups. Blackwood (1994) indicated that 

sorghum had a greater number of free sulfhydryl groups than corn. This would 

be indicative to why sorghum grain requires more severe processing methods 

when compared to corn from an animal performance stand point (Walls and 

Paulis, 1971). 

11 
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Structure of Starch 

Starch is the storage polysaccharide in higher plants and is the major 

source of energy for animals. Starch consrtutes 70 to 80 % of most cereal 

grains (Rooney and Pflugfleder, 1986) Starch is a glucan that is made up of two 

types of proteins. The first being amylopectin and the second being amylose. 

Amylopectin is a linear chain protein that is made of a 1,4 linked D-glucose and 

a 1,6 branched chains. Amylose is a linear protein that is made up of a 1,4 D-

glucose molecules. The number of glucose molecules that are linked together 

can range from five to several thousand. Depending on the type of starch, 

branch points can range from every 10 to 20 glucose molecules. Meyer and 

Bernfeld (1940) proposed the tree model for amylopectin while French (1984) 

and Manners (1985) reported that the resuirng starch structure is highly 

organized. Most commercial starches contain 25% amylose with the remainder 

being amylopectin (Swift, 1997). 

Because starch is inherenry insoluble in water, it occurs in discrete 

particles or granules (French, 1973). Starch granules normally consist of 

approximately equal parts of organized crystalline regions and amorphous or gel

like regions (Hellman, Boesch, and Melvin, 1952). The crystalline area or 

micellar region is composed of amylopectin that is resistant to water and enzyme 

attack. The area that is not crystalline is less organized and contains amylose. 

This area is susceprble to water and enzyme attack. Sorghum and corn starch 

granules are very similar in size and appearance. They have a spherical to 

12 



polygonal shape and range from 2 to 30 jim's in diameter (Rooney and 

Pflugfelder, 1986). 

Starch Retrogradaron 

Retrogradaron is the returning to a state of less degradaron. During the 

process of starch retrogradaron, a portion of the starch becomes resistant to 

amylolytic enzymes (Eerlinger, 1995). Many factors can affect the retrogradaron 

of starch. Some of those factors include starch type, polymer chain length, 

starch concentraron, salts, acids, sugars, lipids, surfactants, storage 

temperatures, or condirons following starch gelarnizaron (Ward et al., 1994). 

In the process of starch retrogradaron, both amylose and amylopectin are 

susceprble. Amylopectin has just as much of a role in retrogradaron as the 

once thought more susceprble amylose (Gridley et al., 1986). Amylopectin's 

chain length, ranges from 17 to 30 glucose molecules, it is now thought to be a 

major contributor to the retrogradaron process. Gridley et al. (1986) reported 

that amylopectin's retrogradaron process is slower than that of the amyloses. 

Ward et al. (1994) showed in a retrogradaron study that amylopecrn over a four 

week period showed recrystallizaron within a week's rme stored at 23°C. 

Addironally, increased temperature during storage resulted in more symmetrical 

crystal formaron (Hoover, 1995). This indicates starch reconsrtutes in a more 

stable environment. 

13 
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In summary, starch retrogradaron is a process were reconstitution is 

slow. Retrogradaron can conrnue of a period for several days or weeks 

(Eerlingen and Declour, 1994). The reassociaron of starch is due to the loss of 

bound water from the starch (Rooney and Pflugfelder, 1986). This process 

would be the opposite of gelarnizaron. The loss of water results in the 

reformaron of the hydrogen bonds between the glucose residues. 

Disulfide Bonds 

Disulfide bonds are inter-and intramolecular crossbridges that give shape 

and stability to proteins in many animal and plant systems (Lenhninger, 1976). 

A very small number of disulfide bonds can add a great amount of structural 

stability to proteins. The bonds are covalent and are formed between the 

elemental sulfur of the amino acid cysteine. When sulfur of the cysteine residue 

is used in this crosslink process, the cysteine becomes cysrne. These crosslinks 

are commonly present in the storage proteins of the cereal grains. The cysrne 

residues can crosslink polypeprde chains in many different ways. Beckwith et al 

(1965) noted that the low molecular weight gliadin proteins are maintained in a 

folded conformaron by only two intramolecular bonds. In contrast, globular 

proteins may contain extensive disulfide bonds. The gluten found in wheat 

protein is responsible for most for the cohesive character of wheat flour dough, 

which consist of a linear associaron of polypeprde chains linked by 

intermolecular disulfide bonds (Nielsen et al., 1968). Nielson et al. (1970) 
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stated that disulfide bonds extensively link the structural proteins that are found 

in the endosperm of corn rssues. 

The disulfide bonds that are present in proteins tend to decrease solubility 

and digesrbility of cereal grains (Rooney and Pflugfelder, 1986). The extent of a 

protein's digesrbility determines the extent of ruminal breakdown of starch 

(Theuer, 1984). Therefore, as the disulfide crosslinkage increases within a 

protein there is a decrease in starch digesrbility. 

There are many theories about the purpose and properties of disulfide 

bonds, but most of the research has been directed on the importance of the 

sulfhydryl and disulfide groups in the baking qualires of flour. Research has 

invesrgated the properties of disulfide linkage in steam-flaked grain, but much is 

sril unknown. However, Blackwood (1994) used this technique and attempted 

to identify some of the unknowns of disulfide linkages in steam-flaked sorghum 

and corn. Blackwood (1994) reported using a modified amperometric silver 

nitrate rtraron method comparing unprocessed, cooked, steam-flaked sorghum 

and corn, it has a great impact on the moles of sulfhydryl group. Blackwood 

(1994) reported a variaron in free sulfhydryl groups that ranged from .22, .23, 

and .27 moles in the unprocessed, cooked, and flaked grains. In comparison to 

the unprocessed and cooked grains, the flaked grains had a greater amount of 

sulfhydryls detected. This would indicate that adding heat alone is not sufficient 

to disrupt the protein matrix, but physical disrupron is also needed to get the 

increase in sulfhydryl groups. This would support the statement by Jensen 

15 
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(1959) that sulfhydryl groups will readily reoxidize to disulfide bonds if they are 

not removed from the proximity of other disulfide groups. 
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CHAPTER III 

THE EFFECT OF CORN HYBRIDS ON ELECTRICAL USAGE, 

PROCESSING TIME, AND FLAKE QUALFTY 

Abstract 

Ten commercially grown corn hybrids from Oprmum Quality Grains (Des 

Moines, lA) were uriized for the research in this study. A 45.45 kg batch of each 

corn hybrid was processed with the following variables measured: kWh, rme, 

flake durability, and percent fines in a completely randomized design. Each 

hybrid was weighed out and steamed for 30 minutes prior to flaking. After the 

batches were steamed, they were flaked using a laboratory steam-flaker. Each 

replicaron was flaked to a consistent .37 kg/1, and electrical energy consumpron 

was measured using a muir-function power monitor, flake durability and percent 

fines were evaluated on representative samples for each steam-flaking 

replicaron. Differences (P< .05) were found for usage of electrical energy and 

rme required for processing each 45.45 batch of corn. Hybrid 7 required the 

least (P < .05) kWh and the least (P < .05) amount of rme to process when 

compared to hybrid 4, which required the most energy, and hybrid 5 which 

required the greatest rme to process. In the analysis of the hybrids for flake 

durability, hybrid 8 tended to have the highest flake durability at 90.92%, but 

was not different (P> .05) from hybrid 6 (87.33%) with the lowest flake 
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durability. Differences (P< .05) were found for percent fines between the 

hybrids. Hybrid 8 had the lowest % fines (1.63 %), which is supported by also 

having the highest numerically flake durability (90.92 %). Hybrid 5 had the 

highest percent fines (5.00 %). 

Introducron 

In the Texas Panhandle, corn is the most commonly used grain source to 

supply the needed dietary energy to feedlot cattle; but because of the nature 

and structure of the grain, corn needs to be processed to oprmize it's energy 

value. At present, the most common method of processing grain is steam-

flaking. The process of steam-flaking involves the use of moderate levels of 

heat, moisture uptake, and the physical disrupron of the grain kernel. In recent 

research, Smith (1995) showed that grain sorghum had different steam-flaking 

properties. The purpose of this study which was to steam-flake different corn 

hybrids under idenrcai condirons in order to determine if any differences are 

present in electrical energy consumpron (kWh) during the flaking of the corn, 

rme required to flake, and the flake quality. 

Materials and Methods 

Ten commercial corn hybrids supplied by Oprmum Quality Grains (Des 

Moines, lA) were uriized in this study. The hybrids were delivered with their 

idenrficaron number, but for anonymity, the hybrids were labeled one through 
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ten. To inirate the processing method, each hybrid was placed in a plasrc lined 

metal barrel that was labeled for idenrficaron purposes, tempered, and sealed 

for approximately 18 h. Before the barrels were sealed, the corn hybrids were 

measured for moisture content. The hybrids iniral moisture content was 

approximately 10 to 12 %. In order to oprmize the steaming process the 

hybrids needed to be 18 % moisture and condironed (Anderson, 1994). All 

hybrids required addironal water added, to bring the moisture content up to the 

oprmum 18 % moisture level. In addiron, before the barrel was sealed a grain 

condironer was added to increase the rate of moisture uptake. Anderson (1994) 

indicated that the condironing agent and the rate of applicaron prior to 

steaming affected flake durability. 

All ten hybrids were processed uriizing a pilot steam-flaking unit (Ferrel-

Ross Model # 18x12, Oklahoma City, OK) which is located at the Livestock 

Operarons Feedmill, New Deal, TX. The steam chest had a one-rme capacity of 

approximately 75 kg of grain, was 25.5 cm in diameter and 8 m in length, with 

four steam lines spaced 2 m apart spanning the length the steam chest. The 

steamed grain was dropped onto the rolls via a variable speed magnerc feeder 

(Syntron magnerc feeder, Model # BF2AFMC, Philadelphia, PA). The flaking unit 

was equipped with two 30.48 cm x45.72 cm rolls with 14 corrugarons 2.54 cm 

of Stevens cut design. 

Exactly 45.45 kg of corn was weighed out into metal barrels and 

condironed. The corn was condironed for 18 h using water and a wetting agent 
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to achieve 18 % moisture. The grain was manually poured into the steam chest 

of the pilot steam-flaker. Three replicarons of each of the ten hybrids were 

flaked in a random order. The steam was allowed to enter the steam chest by 

opening the four values on the steam lines, which entered the steam chest. The 

steam was monitored to ensure that 11.33 kg of pressure was maintained on the 

steam lined at all rmes. The steaming rme began when the thermometers on 

the chest measured a reading of 96.1°C. A mechanical rmer was used for 

monitoring the steaming rme, so that the steaming rme was consistent across 

all replicarons. A DMMS 300 Muir Function Power Monitoring System (Electro 

Industries/Gaugetech, Westbury, NY) measured and recorded kWh of electricity 

used. The system recorded and displayed the kWh of electricity used. This 

system was cleared 30 second prior to flaking to ensure that zero kW were 

measured before the roller mill and magnerc feeder were turned on. When the 

monitoring system was reset, the roller mill was turned on and the flaking 

process began. A digital stopwatch was also started at the iniraron of the 

flaking run and used to measure the amount of rme to flake the batched grain. 

The flow rate of the grain onto the rolls was maintained by keeping a 

constant amperage load on roller mill motors at all rmes. The amperage 

readings were displayed on the monitoring system. The purpose of this display 

was to make adjustments if needed to insure that constant load was on the rolls. 

Approximately 1 min after the flaking process began, a sample was 

obtained to monitor the bushel weight of the flaked grain to ensure proper 
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degree of flake density. After all the grain had passed through the steam chest 

and through the rolls, the power switches to the roller mill motors and the 

magnerc feeder were turned off simultaneously. When the roller mill motors 

had stopped, the reading on the power monitoring system was recorded. Three 

samples of the flaked grain were then obtained. The first sample was stored at 

-20°C for later lab analysis, the second was left at room temperature for 24 h, 

and the third was used to determine flake durability and percent fines. 

To determine the flake durability, two 500 g samples were place in a 

Seedburo pellet durability test (Seedburo Equipment Company Internaronal 

Division, Chicago, IL) and tumbled for exactly 10 min. The flakes were then 

removed and screened through a no. 5 U.S. standard sieve (E.H. Sargent & 

Company, Chicago, IL) to remove the broken flakes and fines produced by the 

tumbling process. The percent flake durability was determined by dividing the 

weight of the sample by the iniral 500 g. 

The method to determine percent fines tesrng is a process of screening or 

sieving a known amount of sample to determine the fines content. Rooney 

(1994) devised this method as a modificaron of a pellet durability tesrng 

procedure. A 400 g sample of the flaked grain was placed in a Rotap sieve 

shaker (Combusron Engineering, Inc., Mentor, OH) device and shaken for 10 

min through a series of U.S. standard sieves no. 4, 5, 8, and 14 (E.H. Sargent & 

Company, Chicago, IL). The material passing through the four screens was to 
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be considered fines. The resuirng material in the bottom pan was divided by the 

iniral 400 g to calculate the percent fines. 

The resuirng data were analyzed as a completely randomized design 

using the general linear model (GLM) procedure SAS. Fisher's protected LSD 

was uriized to separate the means. 

Results and Discussion 

The energy consumpron and rme to process data is reported in Table 

3.1. Hybrid 4 required the most (P< .05) electricity (.60 kWh) while hybrid 6 

(.306 kWh) required the least kWh electricity to process the grain. There were 

five groupings reported to be different in Table 3.1. The mean for all ten hybrids 

was .421 kWh. Previous work in this area (Smith, 1995; Swift, 1997; Salyer 

1998, respectively) reported greater means (.70 kWh, .52 kWh, and .96 kWh) to 

process a greater batch weight of 22.7 kg of grain in idenrcai condirons. 

Possible reasons for a lower mean in this study was because the rolls of the 

flaker unit were re-condironed, hybrid variability, and different years in which 

the grain was grown. 

The gas usage of each hybrid was not analyzed because there was not a 

difference in steam and pressure rme in which the corn was in the steam chest. 

Smith (1995) reported that when grain cultivars are steamed for the same 

amount of rme and at equal pressures, there are no differences in gas 

consumpron. 
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Time to process varied {P< .05) from hybrid 6 (2.12 min) being the 

lowest to hybrid 5 (3.69 min) being the highest rme (Table 3.1). The mean for 

the ten hybrids was 2.96 min. To report a difference between two hybrids there 

must be a least significant difference of 1.26 minutes. Those two groups were 

reported in Table 3.1. 

The means represenrng the flake durability are reported in Table 3.2. 

There were no differences (P> .05) found among the hybrids for flake durability. 

The mean for the ten hybrids was 88.67 percent. 

The means represenrng the percent fines are also reported in Table 3.2. 

Differences between hybrids were observed (P< .05). The percent fines varied 

from hybrid 8 (1.63%) as the lowest and hybrid 5 (5.00%) as the highest. The 

mean for overall percent fines was 2.73%. To report a difference between two 

hybrid fines percentages, there must be a least significant difference of 2.15 

percent. These results are reported in Table 3.2. The oprmum high flake 

durability and low percent fines was supported by hybrid 8 having lowest percent 

fines (1.63%) and the highest flake durability (90.92%). 

In order to achieve the proper gelarnizaron of the starch within the corn 

and to ensure consistent flaking condirons, the rolls were set to create a flake 

density of .37 kg/I. In a study by Xiong et al. (1991), it was reported that a .28 

kg/I density flake maximizes efficiency of gain, but it was not economically 

feasible and reduced the flake durability. 
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Implicarons 

There were differences (P< .05) found among kWh, rme, and percent 

fines across the hybrids. However, there were no differences (P> .05) found 

across the hybrids in flake durability, which could possibly be attributed to having 

two replicarons per processing replicaron. The selecting of hybrids based on 

their flake durabilires and percent fines alone would not be practical due to other 

important characterisrcs. Such as, processing rme and ease of processing. 

However, percent fines and flake durability are important, due to fines 

separaron, wind loss, and refusal. 

The factors of kWh, rme, flake durability, and percent fines may appear 

to have little significance when looking at small batch steam-flakers as compared 

to large commercial steam-flakers, the relevance of this comparison can supply 

some valuable informaron. The informaron supplied by these variables can play 

an important role in making a hybrid selection, but selecting hybrids based on 

these characterisrcs might not be as wise as selecting based on availability. 
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Table 3.1 The means for kWh and rme measured for the ten hybrids 
Hybrid kWh Time (min) 

2.69'^ 
3.67" 
2.89'^ 
2.51'^ 
3.69" 
2.12^ 
2.06*̂  
2.46"'' 
2.35^^ 
2.94"̂ ^ 

Mean .421 2.96 
SEM ^87 ^09 

abcde |v|eans within a column with different superscripts differ (P< .05) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

.39̂ ^̂  
^47bcd 

.373''^ 

.60" 

.503"'^ 

.326" 

.306" 

.403'^" 

.35" 
^49bc 

Table 3.2 The means for flake durability and percent fines of the ten 
hybrids. 

Hybrid 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
SEM 

Flake Durability 
88.28" 
87.83" 
88.71" 
88.62" 
88.93" 
87.33" 
89.85" 
90.92" 
87.64" 
88.68" 
88.67 
1.01 

Percent Fines 
2.81" 
2.97"̂ " 
3.19"'' 
2.90"̂ ^ 
5.00" 
2,99ab 
2.34'' 
1.63" 
2.65" 
3.02"" 
2.73 
.544 

a5 Represents significant differences (P< .05) within column 
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CHAPTER IV 

THE EFFECT OF STARCH RETROGRADATION ON THE NUTRTTIVE 

VALUE OF CORN HYBRIDS BY ANALYZING: CRUDE PROTIEN, 

CRUDE FIBER, CRUDE FAT, TOTAL STARCH, ENZYME SUSCEPTIBLE 

STARCH, FREE SULFHYDRYLS, AND DRY MATTER DIGESTIBnY 

AND ORGANIC DIGESTIBLILTY 

Abstract 

Ten commercially grown hybrids supplied by Oprmum Quality Grains (Des 

Moines, lA) were studied. Each hybrid was steam-flaked to .37 kg/I for lab 

analysis. Variables measured to determine the nutrirve value and the extent of 

starch retrogradaron were proximate analysis (dry matter, ash, crude protein, 

crude fat), crude fiber, total starch, enzyme susceprble starch, free moles of 

sulfhydryls, and dry and organic matter disappearance. Each corn hybrid was 

steam-flaked using a laboratory steam-flaker. Representarve samples were 

collected immediately after flaking and placed in the freezer for future analyses. 

Samples that had sat open in the air for 24 h after flaking were collected and 

stored at -20°C for future analyses to determine if starch retrogradaron affected 

the corn hybrid. The two flaked treatments were compared to the nutrirve 

values of the unprocessed corn. 
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There were differences (P< .05) among the hybrid treatment 

combinations for all variables tested. There were differences (Z'< .05) observed 

for individual hybrids across all treatments and differences (P<.05) between the 

treatments across all hybrids. Dry matter, ash, crude protein, crude fat, NDF, 

ADF, total starch, enzyme susceprble starch, and moles of free sulfhydryls were 

found to have values that ranged 77.36% to 95.71%, .98% to 1.68%, 7.63% to 

8.88%, 2.55% to 4.05%, 3.77% to 6.68%, 76% to 1.69%, 59.28% to 73.95%, 

65.31% to 94.04%, 101% to .473%, respectively. Of the three treatments, 

freezing the hybrid samples immediately after processing and followed by air 

drying for 24 h significantly (P< .05) improved crude protein, starch availability, 

and free moles of sulfhydryls. However, through processing, crude fat values 

decreased significantly across the hybrid means. There were also differences {P 

< .05) found for the dry matter and organic matter disappearances. The values 

for the dry matter and organic matter disappearance had wide ranges over the 

five incubaron rmes. These data indicate that differences in corn hybrids do 

exist and some hybrids may have greater nutrironal value over other hybrids. 

Further more, a significant interaction of hybrid and processing treatment was 

observed in all variables except ADF, 4 h dry matter disappearance, 8 h dry 

matter disappearance, 24 h dry matter disappearance, and 24 h organic matter 

disappearance. 
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Introduction 

The extensive use of corn as an energy source in livestock feeds has 

become widely accepted as a result of the high degree of variability in physical 

and chemical properties of sorghum (Smith, 1995). At present, the most 

preferred method of grain processing is steam-flaking. Steam-flaking involves 

the use of moderate levels of heat, moisture uptake, and the physical disrupron 

of the grain kernel. Steam-flaking disrupts the starch-protein matrix in the 

endosperm, partially gelarnizes the starch, and increases the area available on 

the corn kernel to the rumen microorganisms and the enzymes of the animal's 

digesrve tract. 

Disulfide bonds are covalent and are formed between the elemental 

sulfurs of two cysteine amino acids. These bonds help stabilize the narve 

structure of the starch-protein matrix. This bond within the matrix makes it less 

susceprble to unfolding and subsequent degradaron. The physical disrupron of 

the corn kernel by steam-flaking reduces the bound sulfur of the cysteine 

residues to sulfhydryl groups. In addiron, processing the grain removes the 

cysteine residues from proximity of each other. 

By steam-flaking corn, the feeding value can be increased by five to six % 

when compared to that of dry rolled corn (Hale, 1973). The increase in feeding 

value is partly due to the reduction of the disulfide bonds, which maintain the 

structure of the starch-protein matrix. This reduction of disulfide bonds to 

sulfhydryl groups will increase the nutrient availability of the corn by exposing 
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more of the starch to hydrolysis by enzymes. By hearng the starch within the 

kernel through steam-flaking, the starch undergoes an order-disorder phase. 

This order-disorder phase is the gelarnizaron of corn starch, which makes the 

starch more available to the animal. However, upon cooling of the flaked grain, 

the gelarnized starch will reconstitute into the more narve highly ordered phase 

(Hoover, 1995), a process termed retrogradaron. There are many different 

factors that can affect the rate at which the starch retrogrades, such as type of 

starch, chain length, concentraron of starch, salts, acids, sugars, lipids, 

surfactants and the storage temperature of the processed grain (Ward et al., 

1994). The process of retrogradaron has long been determined to have 

important textural and dietary implicarons in baked products such as bread. 

Through the retrogradaron of the starch, amylolytic enzymes are not effective 

on the starch in the corn kernel (Eerlingen and Delcour, 1995). The portion of 

the starch that is immune to enzyme hydrolysis is the part that is defined 

enzyme resistant. Eerlingen and Delcour (1995) termed this starch as enzyme 

resistant because it is not digested in the small intesrne of the human, but can 

be fermented in the large intesrne by microorganisms. Therefore, enzyme 

resistant starch that is fed to ruminants may be fermented and used by the 

animal. The purpose of this study was to determine the nutritive value of ten 

corn hybrids and to compare, raw and steam-flaked samples in response to 

retrogradaron. 
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Materials and Methods 

Ten commercial corn hybrids supplied by Oprmum Quality Grains (Des 

Moines, lA) were uriized in this study. The hybrids were delivered with their 

idenrficaron number, but for anonymity, the hybrids were labeled one through 

ten. To inirate the processing method, each hybrid was placed in a plasrc lined 

metal barrel that was labeled for idenrficaron purposes, tempered, and sealed 

for approximately 18 h. Before the barrels were sealed, the corn hybrids were 

measured for moisture content. The hybrids iniral moisture content was 

approximately 10 to 12 %. In order to oprmize the steaming process the 

hybrids needed to be 18 % moisture and condironed (Anderson, 1994). All 

hybrids required addironal water, to bring the moisture content up to the 

oprmum 18 % moisture level. In addiron, before the barrel was sealed a grain 

condironer was added to increase the rate of moisture uptake. Anderson (1994) 

indicated that the condironing agent and the rate of applicaron prior to 

steaming affected flake durability. 

All ten hybrids were processed uriizing a pilot steam-flaking unit (Ferrel-

Ross Model # 18x12, Oklahoma City, OK) which is located at the Livestock 

Operarons Feedmill, New Deal, TX. The steam chest has a one-rme capacity of 

approximately 75 kg of grain, is 25.5 cm in diameter, and 8 m in length with four 

steam lines spaced 2 m apart spanning the length the steam chest. The 

steamed grain was dropped onto the rolls via a variable speed magnerc feeder 

(Syntron magnerc feeder. Model # BF2AFMC, Philadelphia, PA). The flaking unit 
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was equipped with two 30.48 cm x 45.72 cm rolls with 14 corrugarons 2.54 cm 

of Stevens cut design. 

Exactly 45.45 kg of corn was weighed out into metal barrels and 

condironed. The corn was condironed for 18 h using water and a wetting agent 

to achieve 18 % moisture. The grain was manually poured into the steam chest 

of the pilot steam-flaker. Three replicarons of each of the ten hybrids were 

flaked in a random order. The steam was allowed to enter the steam chest by 

opening the four valves on the steam lines, which entered the steam chest. The 

steam was monitored to ensure that 11.33 kg of pressure was maintained on the 

steam lines at all rmes. The steaming rme began when the thermometers on 

the chest measured a reading of 96.1°C. A mechanical rmer was used for 

monitoring the steaming rme, so that the steaming rme was consistent across 

all replicarons. A DMMS 300 Muir Function Power Monitoring System (Electro 

Industries/Gaugetech, Westbury, NY) measured and recorded kWh of electricity 

used. The system recorded and displayed the kWh of electricity used. This 

system was cleared 30 second prior to flaking to ensure that zero kW were 

measured before the roller mill and magnerc feeder were turned on. When the 

monitoring system was reset the roller mill was turned on and the flaking process 

began. A digital stopwatch was also started at the iniraron of the flaking run to 

measure the amount of rme to flake the batched grain. 

The flow rate of the grain onto the rolls was maintained by keeping a 

constant amperage load on roller mill motors at all rmes. The amperage 
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readings were displayed on the monitoring system. The purpose of this display 

was to make adjustments if needed to insure that constant load was on the rolls. 

Approximately 1 min after the flaking process began, a sample was 

obtained to monitor the bushel weight of the flaked grain to ensure proper 

degree of flake density. After all the grain had passed through the steam chest 

and the rolls, the power switches to the roller mill motors and the magnerc 

feeder were turned off simultaneously. When the roller mill motors had stopped, 

the reading on the power monitoring system was recorded. Two samples of the 

flaked grain were also taken at the reading rme. The first sample was put in the 

freezer for later lab analysis and the second was left at room temperature for 24 

h to determine if retrogradaron effected the nutrironal value of the grain. 

Before any lab analysis was performed, the samples were ground to pass 

through a 1 mm screen using a Wiley Mill grinder. Lab analysis was performed 

on the raw, rme zero steam-flaked corn, and the 24 h steam-flaked corn, 

uriizing standard AOAC methodology (AOAC, 1990) the corn was analyzed for 

crude protein, crude fat, dry matter, and ash. 

The NDF and ADF concentrarons were determined using an Ankom fiber 

analyzer (Ankom Technology model 200, Fairport, NY). The Ankom filter bags 

were numbered with a permanent marker for idenrficaron. The bags were then 

place in a drying oven at 105°C for 24 h to remove all moisture. Once cooled, 

the bags were weighed and recorded (Wi). Approximately .5 g of sample (W2) 

were then placed in the filter bag and sealed using a heat sealer. One blank bag 
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was included in the digesrng vessel so that a blank correction factor (Ci) could 

be determined. A total of 24 bags can be place in the digesron vessel at one 

rme. The vessel was then filled with 2000 ml of neutral detergent soluron, 20 g 

of sodium sulfide and 4 ml of heat stable a-amylase, and agitated for 1 h. The 

sample was rinsed three rmes in the digesron vessel with 2000 ml of 90-100°C 

disriled water. The bags were then removed from the chamber and excess 

water was gently pressed out. The bags were then placed in acetone for 3 min 

and allowed to soak. Next the bags were genry pressed to remove excess 

acetone and allowed to air dry. Lastly, the samples were placed in an oven set 

at 105°C for four h. Neutral detergent fiber was calculated on a dry matter basis 

using the formula: 

%NDF=100(W3- (Wix Ci))/W2 

Where: Wi =Bag tare weight, 

W2 =Sample weight, expressed on a dry matter basis, 

W3 =Final bag and fiber weight, 

Ci =Blank bag correction (final oven-dried weight / original blank 

bag weight). 

Acid detergent fiber was determined in the same manner as NDF with the 

excepron that acid detergent soluron was added to the vessel. Acid detergent 

fiber was conducted on the same bags that were used in the ADF analysis. 

Total starch was determined by enzyme degradaron and subsequent analysis 

of liberated glucose through a semi-automated glucose analyzer (YSI model 27 
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industrial analyzer. Yellow Springs Instrument Co., Yellow Springs, OH) as 

ourined by Karr et al. (1987). A 1 mg sample was placed in a 20 ml screw top 

test tube. Two ml of a 25% CaCI soluron was added to precipitate the protein. 

The sample was autoclaved at 121°C for 1 h to ensure that the starch was 

completely gelarnized. The sample was allowed to cool for 30 min at which rme 

8 ml of . 1 % w/v glucoamylase enzyme soluron (L-300, Genenor Internaronal, 

INC., Rochester NY.) was added. The enzyme was buffered to a pH of 4.7 by 

the addiron of acerc acid and sodium acetate into the tube. The sample was 

then incubated in a water bath at 60°C for 4 h, and vortexed every hour to 

ensure saturaron of the chemicals with the sample. The sample was removed 

from the water bath and centrifuged at 7000x g for 10 minutes. One ml of the 

supernant was removed and diluted by a factor of ten for later analysis of the 

glucose. Lastly, a 25 ^\ aliquot was injected into the autoanalyzer. 

The following reactions occur through the glucose sensitive membrane: 

1. Starch + H2O —glucoamylase—-> D-glucose 

2. D-glucose + O2 —Glucose Oxidase > HO2 + Glucono-Lactone 

3. H2O2 -> 2 H"" -H O2 + 2e'. 

This reaction yields the concentraron of glucose expressed as mg/dl. This value 

is muirplied by the conversion factor of 0.9, which is used because every mole of 

glucose liberated incorporates one mole of water. The molecular weight of 

glucose is 180, thus, 0.9 is derived from (180-18) divided by 180. The 

percentage of total starch is calculated as mg/dl of glucose muirplied by the 
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conversion factor divided by dry sample weight. The enzyme susceprble starch 

(ESS) was determined using methodology for total starch without autoclaving. 

ESS values are reported as percentage of total starch by dividing the non-

autoclaved starch value by the total starch value of the sample. 

The quanrficaron of free sulfhydryl groups was determined using a 

procedure ourined by Blackwood (1994). The procedure involved the rtraron of 

grain samples in a 100 ml of EDTA treated 0.1 M potassium nitrate soluron with 

0.01 M silver nitrate. The equivalency point was determined using a second 

derivative of the data. Approximately 2 g of corn was placed in a 250 ml 

polyurethane beaker. Ten ml of EDTA soluron was pipetted into a 100 ml 

volumetric flask, which was then filled to volume with the potassium nitrate 

soluron. The beaker with the grain was placed on a magnerc srrrer and a silver 

ion-selective electrode (Corning Silver/Sulfide Electrode, Corning Inc., Corning 

NY) and a double junction reference electrode (Deep Vessel Combinaron, Double 

Junction reference Electrode, Corning Inc., Corning, NY) were placed into the 

beaker, posironed 1.25 cm from the side to allow adequate clearance of the 

grain sample. The rtrant (silver nitrate) delivery tube was secured inside the 

beaker so that the rtrant was delivered directly into the soluron at 2 ml/min at a 

constant flow. The rtrant tube was secured in the soluron to prevent drops 

from forming. The electrode wires were connected to a pH meter (Accumet pH 

Meter 50, Denver Instruments, Denver, CO) set to record current flow in 

millivolts. The electrode wires, rtrator, integrator, and the pH meter were 
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shielded in aluminum foil. This was to prevent dubious readings from other 

electrical equipment in the proximity of this system. The readings from the pH 

meter were recorded by a PE Nelson Personal Integrator (Model 1020, Perkin 

Elmer Corporaron, Norwalk, CT) set to record 75 data points per min for 10 min. 

The data were stored by the integrator on a hard disk in an ASCII (American 

Standard Code for Informaron Exchange) file, which could later be imported into 

a spreadsheet where it could be mathemarcally, or graphically evaluated. The 

titrant delivery system consisted of a Monostat Cassette Pump (Monostat, New 

York, NY) set to deliver 2.0-ml titrant per minute. The titrant delivery was set 

slow enough to allow for precise readings, yet not long enough in duraron to 

allow re-oxidaron of the sulfhydryl groups. As simultaneously as possible, the 

delivery system and integrator were turned on when the EDTA/potassium 

soluron was added. An automarc rmer on the integrator stopped recording the 

data at exactly 10 min after activaron of the system. 

After analysis, each sample was adjusted to a dry, ash-free basis. All 

calcularons used the adjusted weight as the true sample weight. The amount of 

free cysteine or free sulfhydryl groups was calculated from the amount of silver 

nitrate required to react with all the free sulfhydryl groups using the molecular 

weight of 121 daltons (Lehninger, 1976). 

Dry matter and organic disappearance were conducted on the raw and 

flaked corn samples to determine differences in the rate and extent that the 

hybrids are digested over five incubarons rmes. Dry matter digesrbility was 
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determined by the Moore modificaron of the two stage Tilley-Terrry procedure 

(Harris, 1970). The first stage was conducted using approximately 2.0 g of 

sample, which was placed in a 100 ml in vitro tube. Rumen fluid was collected 

from a steer fitted with a ruminal cannula and fed a high concentrate diet. 

Rumen fluid was strained through four layers of cheesecloth to remove any feed 

residue and then buffered with McDouglal's artificial saliva. The strained rumen 

fluid and buffer were combined into a soluron, which contained 30 parts rumen 

fluid and 70 parts buffer. Fifty ml of soluron were added to the in vitro tube and 

all the O2 was displaced with CO2 to maintain an anaerobic environment. The 

tubes were then placed in a 39°C water bath for the incubaron period. The 

samples were incubated for 4, 8, 12, 16, and 24 h. The samples were then 

removed at the appropriate rme and frozen to stop all digesron. The samples 

were then filtered uriizing a vacuum filtraron system and dried to calculate dry 

matter disappearance and ashed to calculate organic matter disappearance. The 

second stage of the Tilley-Terry procedure of ammonia release determinaron 

was not conducted. 

The independent variables analyzed include; crude protein, crude fiber, 

crude fat, total starch, starch availability, free moles of sulfhydryls, and dry and 

organic matter disappearance. All data were analyzed as a factorial design, with 

variables of hybrid, treatment, and hybrid x treatment. The effect of rme on the 

corn hybrid digesrbility and interacrons were analyzed. All data were analyzed 

using GLM procedures of SAS. Fisher's LSD was utilized to separate means of 
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main effects and LS Means procedures were uriized to separate interaction 

means. 

Results and Discussion 

The hybrid and treatment means for dry matter (DM) across the ten 

hybrids and the three treatments are reported in Table 4.1. The three 

treatments were raw (unprocessed), processed (no drying), and processed (dried 

24 h). The values observed for the ten hybrids across all treatments ranged 

from 77.36% to 95.71%. For a difference to be found between the hybrids and 

treatments there had to be a least significant difference of .882. The means of 

all ten hybrids across the three treatments were analyzed for differences (P < 

.05). There were differences found between the unprocessed and processed (no 

drying) and processed (dried 24 h) treatments, and no difference between 

processed (no drying) and processed (dried 24 h) treatments. An analysis was 

also preformed on the individual hybrids across all the treatments. For a 

difference (P< .05) to be present there has to be a least significant difference of 

.509, which were observed. The difference between the treatments can most 

likely be attributed to the added moisture of the steam during processing and the 

subsequent evaporaron of the moisture. There was a significant hybrid by 

treatment interaction (P< .05). 

The hybrid and treatment means for ash across the ten hybrids and the 

three treatments are reported in Table 4.2. The values that were observed for 

ash across the hybrids and treatments ranged from .98% to 1.68%. There were 
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differences (P< .05) observed among the hybrid treatment combinarons. For a 

difference to be observed there had to be a least significant difference of .123, 

except for hybrid 4 unprocessed treatment and hybrid 1 processed (no drying) 

which were .151 because of sample sizes. There were differences (P< .05) 

found among the treatments across all the hybrid means. The unprocessed 

treatment was different from the processed (no drying) and processed (dried 24 

h), but processed (no drying) and processed (dried 24 h) were not different from 

each other. There were also differences (P< .05) observed in treatment means 

across individual hybrids. For that difference to be observed the hybrid means 

had to differ by .071. There were differences among hybrids using that value. 

There was a significant hybrid by treatment interacron (P< .05). The values 

reported in the 1996 NRC for percent ash for unprocessed corn and flaked corn 

ranged from 1.60 to 2.0%. In this experiment, the reported ash values were 

lower than the NRC. This variability in ash content could be because NRC values 

are based on corn that is not idenrty protected and found in the common grain 

elevator. 

The means for crude protein represenrng the hybrids and treatments are 

reported in Table 4.3. The values observed for the hybrid treatment 

combinarons levels ranged from 7.63% to 8.88% crude protein. This range is 

lower than the 1996 NRC standard crude protein content of corn at 9.8%. There 

were differences (P< .05) observed among the hybrid treatment combinarons. 

To observe a difference between the hybrid treatment combinarons there had to 
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be a least significant difference of .246. The unprocessed treatment differed 

from processed (no drying) and processed (dried 24 h) treatments; however, 

processed (no drying) and processed (dried 24 h) treatments did not differ. A 

difference (P< .05) was observed between the individual hybrids across all 

treatments. To observe a difference, the hybrids needed to be at a least 

significant difference of .174. There was a significant hybrid by treatment 

interaction {P< .05). The data indicated that processing the grain improves the 

crude protein levels of the hybrids. Before processing, hybrid 8 had the highest 

crude protein levels, but after processing, hybrid 8 showed no improvement. 

Hybrid 3 was better than average before processing, but after processing, it had 

the greatest increase in crude protein over the other hybrids. Crude protein 

subjected to retrogradaron compare to the other treatments established not 

idenrfiable trend. 

The means for crude fat across hybrids and treatments are reported in 

Table 4.4. The values that were observed for hybrid treatment combinarons for 

crude fat ranged from 2.55% to 4.05%. There were difference (P< .05) 

detected for hybrid treatment combinarons. For a difference to be detected a 

least significant difference of .144 had to be observed. There were also 

differences (P < .05) observed for individual hybrids across the treatments and 

treatment difference across all hybrids. A difference for individual hybrids across 

all treatments was detected by a least significant difference of .085. The 

difference observed for treatments was found by using a least significant 
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difference of .047. That would make the unprocessed treatment different (P < 

.05) from the processed (no drying) and processed (dried 24 h) treatments and 

processed (no drying) and processed (dried 24 h) treatments not different from 

each other. There was a significant hybrid by treatment interaction (P< .05). In 

past research (Swift, 1997; Salyer, 1998), the researchers reported crude fat 

values the ranged from 2.0 to 3.2% and 2.97 to 3.93% , respectively. The 

resuirng values of this experiment were within the ranges of the past reported 

research. Salyer's (1998) research on corn hybrids showed no defined trend for 

crude fat over the reported retrogradaron periods. However, this study reported 

a decrease in crude fat after processing. Possible fat volariizaron could account 

for the difference. 

Neutral detergent fiber (NDF) is the measurement of cellulose, 

hemicellulose, and lignin. The data represenrng NDF across all hybrid means 

and the treatment means are reported in Table 4.5. The ranges that were 

observed for NDF across the hybrid treatment combinarons were 3.77% to 

6.68%. There were differences (P< .05) detected among the hybrid treatment 

combinarons. For the differences to be observed a least significant difference of 

.618 had to separate any combinaron. Also analyzed were the individual hybrids 

across all three treatments. Differences {P< .05) were found present in this 

analysis. The difference that was observed between any individual hybrid across 

all treatments was greater than the least significant difference of .357. There 

were no differences (P> .05) observed between the treatments across all the 
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hybrids. There was a significant hybrid by treatment interaction (P< .05). In the 

1996 NRC, values reported for percent NDF for raw corn and flaked corn ranged 

9 to 10%. In Salyer (1998), the researcher reported ranges for identity 

preserved raw and flaked corn hybrids of 8.55 to 11.90%. The values reported 

for the corn hybrids in this experiment contained a lower percentage of NDF than 

the NRC and Salyer's reported values. A possible reason that the values do not 

agree with previous research is, different hybrids were used in this experiment. 

The hybrids could have different locaron of growth and possible generc 

modificarons. There was no idenrfiable trend for NDF percentage across the 

treatments. 

Acid detergent fiber (ADF) is the measurement of cellulose and lignin. 

The mean ADF values for the hybrids and treatments are reported in Table 4.6. 

The values for ADF across the hybrids and the treatments ranged from .76% to 

1.69%. There were differences {P< .05) observed for the hybrid treatment 

combinarons, but no hybrid treatment interaction. For a difference to be 

observed between any hybrid a least significant difference of .449 must separate 

those combinarons. There were no differences (P> .05) observed for 

treatment affects across the ten hybrids. However, there were differences (P < 

.05) observed for individual hybrid across the three treatments. To observe a 

difference between individual hybrids across all treatments a least significant 

difference of .259 must separate them. There was no significant hybrid by 

treatment interaction (P> .05). As reported in the results for NDF, ADF also 
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showed no trend for the hybrids across the treatments. The values reported for 

ADF in the experiment were in agreement with past research. Salyer (1998), 

reported values for corn hybrids that ranged from 1.08 to 1.90% 

The means for total starch across hybrids and treatments are reported in 

Table 4.7. The ranges that were observed for the total starch of the corn 

samples were from 59.28 % to 73.95 %. There was an observed difference (P< 

.05) between hybrids, but not for hybrid treatment combinarons. Those hybrid 

differences were detected by a least significant difference of 3.20. There was 

also a difference (P< .05) observed for individual hybrids across all treatments. 

That difference was observed using a least significant difference value of 1.84. 

There were no differences {P> .05) detected for the three treatments across all 

the hybrids. The 1996 NRC reports a value of 90% for starch content of raw 

corn and flaked corn. In this experiment, the mean for total starch across all 

treatments and hybrids was 67.43%. In Swift (1997), a mean of 80.5% for corn 

hybrids was observed for total starch. The hybrid means of this experiment were 

of lesser value for total starch than that of Swift. Hybrid 6 was observed to have 

greatest percent total starch across all treatments. 

The means for enzyme susceprble starch (ESS) for the hybrids and 

treatments are in Table 4.8. The ranges for the hybrid treatment combinaron 

means were observed to vary from 65.31% to 94.04%. There were differences 

(P< .05) found across the hybrid treatment combinarons with a significant 

hybrid treatment. To observe those differences a least significant difference 
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value of 4.99 had to separate any combinaron. There were differences (P < 

.05) detected for individual hybrids across all treatments. These differences were 

detected by using a least significant difference value of 2.88. The treatments 

across all hybrids also showed to have a difference (P< .05). The resuirng 

differences had the unprocessed treatment different from processed (no drying) 

and processed (dried 24 h) treatment and processed (no drying) different from 

processed (dried 24 h) treatment. These values for corn are in agreement with 

past corn hybrid research of 74.48% to 90.69%, (Salyer, 1998), 49.38% to 

69.96% (Swift, 1997), and 63.7% to 78.4% (Waldo, 1973). Unprocessed grain 

starch availability was significanry greater than that of flake grain. Before 

processing hybrid 2 had the highest percent of ESS, but after processing and 

subjecting the hybrids to retrogradaron hybrids 6 and 1 had the greatest 

availability of starch. After subjecting the hybrids to retrogradaron, all but 

hybrid 1 decrease in starch availability. This would indicated that by storing 

grain, the starch will begin to reconsrtute and have lower availability. 

The means across hybrids and treatments for free sulfhydryl content are 

in Table 4.9. The values for the moles of free sulfhydryls ranged from .101% to 

.473%. There were also differences observed for the individual hybrids across all 

treatments and difference between the three treatments across all hybrids. To 

detect a difference (P< .05) between any two individual hybrids across all 

treatments a least significant difference of .035 had to separate them. To 

observe a difference {P< .05) between the three treatments across all hybrids a 

48 



E^Bxaaeaaasaiin^NBHSi^s^si^r^Bnn 

least significant difference of .019 had to separate those means. This results in 

all three of the treatments being different (P< .05) from each other. 

There was a significant hybrid by treatment interaction (P< .05). There 

were differences (P< .05) detected to hybrid treatment combinarons. To have 

a difference between any two hybrid treatment combinarons there has to be a 

least significant difference of .061. In past research (Blackwood, 1994; Swift, 

1997; Salyer, 1998), the researchers reported that processing sorghum and corn 

increased the percent moles of free sulfhydryls. The results of this experiment 

agreed with the past research. A trend was observed across the three 

treatments. When corn was processed the free mole s of sulfhydryls were at 

their greatest when compared to the unprocessed and processed (dried 24 h). It 

was also observed that as the corn was allowed to air dry (rme 24) the free 

moles of sulfhydryls decreased. These results are in agreement with Salyer's 

(1998) reported retrogradaron results. These data indicate the greater the 

percentage of free moles of sulfhydryls would account for a low percentage of 

disulfide bonds. Before processing hybrid 2 had the lowest percent of free moles 

of sulfhydryls with hybrid 3 and 2 a close second and third, but after processing 

these three hybrids showed significant increase in free moles of sulfhydryls. This 

would validate the above concept that the greater the percent of free moles of 

sulfhydryls, a lower percent of disulfide bonds. Upon subjecting the hybrids to 

retrogradaron, a significant decrease in free moles of sulfhydryls was observed. 
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This would indicated that by storing these hybrids for a 24 h rme period allowed 

their disulfide bonds to reform. 

The hybrid and treatment means for DMD at 4 h are reported in Table 

4.10. The values that were observed at 4 h ranged from 14.59% to 29.94% 

disappearance. There were many hybrid treatment differences (P< .05) 

observed. For that difference to be observed a least significant difference of 

7.52 must be used to separate any of those combinarons. There was also a 

difference (P < .05) observed for individual hybrids across all treatments. The 

least significant difference that would separate those means is 4.34. There were 

no differences (P< .05) found between the treatments across all hybrids. There 

was a significant hybrid by treatment interaction (P< .05). 

The data represenrng DMD at 8 h for the hybrid and treatment means are 

reported in 4.11. The ranges for 8 h dry matter disappearance were 39.70% to 

58.66%. There were differences (P< .05) observed between the hybrids. 

Those differences can be observed by using a least significant difference of 9.53. 

There were also differences {P< .05) observed for individual hybrids across all 

treatments and treatments differences (P< .05) across all hybrids. The 

differences for individual hybrids across all treatments can be observed by a least 

significant difference of 5.50. The differences between the treatments across all 

hybrids can be separated by a least significant difference of 3.01. This difference 

would make all three treatments different from each other. There was no 

significant hybrid by treatment interaction (P> .05). 
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The means for 12 h DMD hybrids and treatments are reported in Table 

4.12. The ranges for the hybrid treatment combinarons for 12 h disappearance 

were 36.21% to 68.04%. Those differences can be detected by using a least 

significant difference of 4.67. There were also differences (P< .05) encountered 

between the individual hybrids across all treatments and between the three 

treatments across all hybrids. The least significant difference that separated the 

individual hybrids across all treatments was 2.70. The least significant difference 

that separated the three treatments across all hybrids was 1.47. This treatment 

difference accounted for all treatments being different from each other. 

The means for 16 h DMD of the hybrids and treatments are reported in 

Table 4.13. The ranges for 16 h disappearance were 32.04% to 66.72%. There 

were many differences (P < .05) encountered among the hybrid treatment 

combinarons. Those differences were separated by a least significant difference 

of 7.45. There were also differences (P< .05) detected between the individual 

hybrids across all treatments and between the three treatments across all 

hybrids. The differences that were observed between the individual hybrids 

across all treatments were separated by a least significant difference of 4.30. 

The differences for the treatments were separated by a least significant 

difference of 2.35. This difference made the unprocessed treatment different 

from the processed (no drying) and processed (dried 24 h) treatments. There 

was a hybrid by treatment interaction (P< .05). 
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Table 4.14 represents the reported data for the 24 h DMD for the hybrids 

and the treatments. The range for 24 h disappearance is 52.93% to 73.39%. 

There were differences (P< .05) detected among the hybrid means. The 

difference that separated the hybrids was a least significant difference value of 

4.73. The difference observed among the treatments was established by a least 

significant difference of 2.59. This value established a difference between the 

unprocessed treatment and the processed (no drying) and processed (dried 24 

h) treatments. There was no significant hybrid by treatment interaction (P > 

.05). 

In the discussion of DMD, there was an observed increase in digesrbility 

of the corn hybrids from 4 h to 24 h. Unprocessed hybrids and processed 

hybrids at 4h were observed not have any norceable differences, but when the 

hybrids were subjected to retrogradaron there was a decrease in digesrbility 

between the two post-processing treatments. After hour 8, a norceable trend 

was observed between the unprocessed hybrids and processed hybrids. A 

difference of approximately 18 % separated the unprocessed treatment and the 

processed (no drying) treatment. At hour 12, the same tread was observed as 

was observed for 8 h. When subjected to retrogradaron the digesrbilires of the 

hybrids were less than treatment processed (no drying). At rme 16 DMD, a 

trend much like rme 8 was observed, but with slightly greater digesrbility 

numbers. At rme 24, the digesrbilires of the processed hybrids were far more 

superior than the digesrbilires of the unprocessed treatments. The 
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retrogradaron treatment, processed (dried 24 h) was observed to have greater 

digesrbilires than the processed (no drying) treatment. The trend for the 

treatments was as expected; inirally few differences separated the treatments, 

but rme went the processed treatment began to separated with greater 

digesrbility's. At the begin of the digesrbility experiment, hybrid 4 was observed 

to have respectable digesrbility across the three treatments, but retarded 

digesrve activity was observed as the experiment finished. Inversely, hybrid 3 

showed low activity, but finished with high digesrbility. 

The means for 4 h OMD is reported in Table 4.15. The reported ranges 

for organic matter disappearance were from 16.16% to 29.85%. There were 

observed differences (P < .05) observed for hybrid treatment combinarons. 

Those differences can be observed by using a least significant difference of 6.25. 

A difference (P< .05) was also observed for individual hybrids across all 

treatments. Those hybrid means were separated by a least significant difference 

of 3.61. There were no differences (P > .05) observed between any of the three 

treatments across all hybrids. There was a significant hybrid by treatment 

interaction (P< .05). 

The means for 8 h OMD for the hybrids and treatments are reported Table 

4.16. The ranges for the reported disappearance were 42.44% to 67.22%. 

There was an interacron {P< .05) observed across the hybrid treatment 

combinarons. Those differences were observed by using a least significant 

difference of 8.52. There were also differences (P< .05) observed between the 
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individual hybrids across all treatments and treatment differences (P< .05) 

across all hybrids. The differences that separate the individual hybrids across 

the treatments were separated by a least significant difference of 4.92. To 

separate the three treatments means a least significant difference of 2.69 was 

used. This least significant difference would make the treatments different from 

each other. 

Table 4.17 represents the reported data for the hybrids and treatment 

means of 12 h organic digesrbility. The reported ranges for 12 h disappearance 

were 39.58% to 72.00%. The differences (P< .05) that were detected between 

the hybrid treatment combinarons were separated by a least significant 

difference of 8.35. There were also differences (P< .05) encountered 

separarng individual hybrids across all treatments and differences between the 

treatments across all hybrids. The difference detected to separate the individual 

hybrids across all treatments was a least significant difference of 2.64. All the 

treatments were different. There was a significant hybrid by treatment 

interaction {P< .05). 

In Table 4.18, the data represenrng OMD at 16 h for the ten hybrids and 

three treatment means are reported. 32.20% to 72.53% represents the ranges 

of observed values. There were many differences {P< .05) encountered among 

the hybrid treatment combinarons. To observe a difference the hybrid 

treatment combinarons differed by a least significant difference of 10.22. There 

were also differences (P< .05) observed among the individual hybrids across all 
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treatments and between the treatments across all hybrids. The differences that 

were observed between the individual hybrids across all the treatments were 

separated by a least significant difference of 5.90. The least significant 

difference value that was used to separate the treatment means across all 

hybrids was 3.23. The value established did not link any of the three treatments. 

All three treatments were different. 

Table 4.19 reports the means for 24 h OMD for the hybrid and treatment 

means. The ranges for 24 h organic disappearance were 53.35% to 83.06%. 

There were differences (P< .05) encountered among the hybrids. The least 

significant difference value that was used to separate the combinarons was 

11.80. There were also differences (P< .05) observed for individual hybrids 

across all treatments and between treatments across all hybrids. The difference 

that was observed for individual hybrids across all treatment was detected by 

using a least significant difference of 6.81. The least significant difference value 

to separate the treatment means across all hybrids was 3.73. The value was not 

large enough to link any of the treatments together. All the treatments were 

different. There was no significant hybrid by treatment interaction {P> .05). 

In discussion of the OMD, the same tends were observed for DMD. The 

only difference was a large jump In digesrbility between hour 4 and 8. The 

digesrbilires at 8 h did not have a slow rise a norced in 8 h DMD. In addiron, 

the same observarons were made for hybrids 3 and 4. When subjected to 

retrogradaron, processed (dried 24 h) treatments hybrids were not as digesrble 
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as the processed (no drying) hybrids. The only excepron was at 16 h. The 

processed (dried 24 h) treatment mean reported a slightly greater mean than 

processed (no drying) treatment. 

Implicarons 

The feedlot industry widely uses steam-flaking as a means to process 

grain. Steam-flaking enhances the nutrironal performance of the grain in the 

feed. Starch retrogradaron may not be much of a concern to the feedlot 

industry because of the limitarons of the mechanism. Most processed grain in a 

feedlot is not stored for long periods of rme. The retrogradaron process occurs 

slowly over rme and the fact that the grain is not there for very long the process 

is of no great importance. However, many different factors affect the 

retrogradaron of starch including the starch type, polymer length, starch 

concentraron, salts, acids, lipids, surfactants, storage temperatures, degree of 

starch gelarnizaron, and sugars (Ward et al., 1994). The importance of starch 

retrogradaron has been seen in the textural and dietary implicarons with baked 

products such as breads and associated industries, but further research is 

needed in the feedlot industry. Such in the area of grain storage, bagged feeds, 

and animal effect due to retrogradaron. 
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Table 4.1 The DM content of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

94.16 
95.31 
93.74 
94.32 
93.66 
93.72 
95.17 
93.47 
94.13 
95.71 

Processed (no 
drying)" 
85.70 
85.45 
81.65 
87.31 
84.75 
82.70 
85.16 
84.53 
77.36 
85.54 

Processed (dried 
24 h ) ' 
85.92 
85.98 
82.45 
88.23 
85.21 
81.39 
85.82 
84.35 
81.37 
86.25 

94.53 
.238 

84.02 
.884 

84.69 
.683 

""̂  Any hybrid treatment combinaron must differ by (0.882) to be significant 
(P< .05) 

" (.279)Represent the LSD (P< .05) among treatment means within row 
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Table 4.2 The ash content of the ten hybrids across the three treatment. 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

1.32 
1.24 
1.29 
0.98^ 
1.27 
1.44 
1.36 
1.19 
1.14 
1.21 

Processed (no 
drying)" 
1.37 
1.28 
1.40 
1.23 
1.20 
1.44 
1.44 
1.25 
1.42 
1.63 

Processed (dried 
24 h)^ 
1.55 
1.26 
1.43 
1.20 
1.23 
1.45 
1.39 
1.23 
1.42 
1.68 

Mean" 
SEM 

1.24 
.037 

1.36 
.038 

1.38 
.046 

""̂  Any hybrid treatment combinaron must differ by (0.123) to be significant 
(P< .05) 

" (.039)Represent the LSD {P< .05) among treatment means within row 
^ (.151)Represents the LSD (P< .05) when compared to other combinarons 
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Table 4.3 The crude protein content of the ten hybrids across the three 
treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

8.62 
8.37 
8.48 
7.63 
7.67 
8.17 
8.68 
8.79 
8.11 
7.65 

Processed (no 
drying)" 
8.51 
8.48 
8.78 
7.89 
7.73 
8.40 
8.88 
8.79 
8.42 
7.96 

Processed (dried 
24 h ) ' 
8.27 
8.53 
8.74 
7.93 
7.89 
8.47 
8.95 
8.57 
8.44 
7.98 

8.21 
.133 

8.38 
.120 

8.37 
.106 

""̂  Any hybrid treatment combination must differ by (0.246) to be significant 
(P< .05) 

" (.095)Represent the LSD (P< .05) among treatment means within 
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Table 4.4 The crude fat content of the ten hybrids across the three treatments. 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

3.50 
4.05 
3.36 
3.14 
3.23 
2.88 
3.20 
3.06 
3.83 
3.05 

Processed (no 
drying)" 
2.79 
3.37 
3.05 
2.55 
2.79 
2.68 

' 2.90 
2.74 
3.36 
3.05 

Processed (dried 
24 h ) ' 
2.79 
3.38 
3.02 
2.64 
2.75 
2.75 
2.97 
2.77 
3.44 
3.11 

Mean" 
SEM 

3.28 
.117 

2.92 
.087 

2.92 
.082 

""̂  Any hybrid treatment combinaron must differ by (0.144) to be significant 
{P< .05) 

" (.047)Represent the LSD {P< .05) among treatment means within 
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Table 4.5 The NDF content of the ten hybrids across the three treatments. 

Mean" 
SEM 
a be 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

5.41 
6.18 
5.69 
5.11 
5.08 
4.50 
5.76 
5.58 
5.92 
6.24 

Processed (no 
drying)" 
4.89 
5.74 
5.52 
5.54 
5.29 
4.76 
5.55 
4.99 
6.68 
5.24 

Processed (dried 
24 h)" 
5.04 
6.56 
5.76 
5.08 
5.12 
3.77 
5.75 
5.86 
6.24 
6.51 

5.54 
.170 

5.42 
.049 

5.56 
.253 

Any hybrid treatment combinaron must differ by (0.618) to be significant 
{P< .05) 

(.357)Represent the LSD (P< .05) among treatment means within 
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Table 4.6 The ADF content of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1-1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

1.33 
1.33 
1.23 
1.03 
1.00 
0.77 
1.09 
1.27 
1.28 
1.22 

Processed (no 
drying)" 
1.17 
1.21 
0.90 
1.28 
1.13 
0.89 
1.25 
1.12 
1.69 
1.00 

Processed (dried 
24 h)" 
1.20 
1.69 
1.39 
1.03 
1.14 
0.76 
1.02 
1.21 
1.34 
1.49 

1.15 
.103 

1.16 
.132 

1.22 
.152 

""^Any hybrid treatment combinaron must differ by (0.449) to be significant 
(P< .05) 

"(.142)Represent the LSD (P< .05) among treatment means within row 
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Table 4.7 Total starch content of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

69.35 
61.23 
63.01 
69.81 
73.11 
72.76 
72.04 
59.28 
63.34 
67.14 

Processed (no 
drying)" 
68.45 
63.34 
64.73 
64.73 
73.95 
72.38 
70.03 
67.47 
67.47 
63.67 

Processed (dried 
24 h)'^ 
69.90 
61.79 
63.56 
70.36 
73.00 
73.31 
72.59 
59.83 
63.89 
67.69 

67.10 
1.60 

67.62 
1.15 

67.59 
1.57 

""̂  Any hybrid treatment combinaron must differ by (3.20) to be significant 
(P< .05) 

"(1.01) Represent the LSD {P< .05) among treatment means within row 
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Table 4.8 Enzyme susceprble starch content of the ten hybrids across 
treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

67.34 
79.45 
75.48 
68.98 
73.38 
71.46 
66.76 
65.31 
72.84 
69.99 

Processed (no 
drying)" 
73.33 
85.99 
85.25 
85.40 
93.59 

' 94.04 
86.06 
79.00 
84.89 
88.13 

Processed (dried 
24 h ) ' 
86.80 
79.16 
83.05 
74.65 
85.10 
81.26 
75.04 
78.20 
79.58 
79.95 

71.09 
1.36 

85.26 
1.96 

80.27 
1.24 

""̂  Any hybrid treatment combinaron must differ by (4.99) to be significant 
(P< .05) 

"(1.58) Represent the LSD (P< .05) among treatment means within row 
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Table 4.9 Percent content of free moles of sulfhydryl in the ten hybrids and 
three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

.123 

.101 

.326 

.265 

.106 

.105 

.314 

.331 

.122 

.281 

Processed (no 
drying)" 
.404 
.354 
.473 
.312 
.386 
.431 
.335 
.368 
.382 
.417 

Processed (dried 
24 h ) ' 
.288 
.296 
.319 
.293 
.345 
.327 
.295 
.366 
.306 
.320 

.207 

.032 
.386 
.014 

.315 

.008 
""̂  Any hybrid treatment combinaron must differ by (.061) to be significant 

{P< .05) 
"(.019) Represent the LSD (P< .05) among treatment means within row 
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Table 4.10 In vitro 4 h DMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1-1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

29.94 
22.58 
25.35 
17.75 
21.66 
17.85 
22.86 
16.57 
19.50 
23.53 

Processed (no 
drying)" 
19.25 
20.84 
14.59 
27.57 
28.28 
18.74 
25.66 
20.70 
22.12 
24.00 

Processed (dried 
24 h ) ' 
18.69 
18.85 
14.17 
26.77 
27.45 
18.20 
22.06 
20.09 
21.48 
23.30 

21.75 
1.28 

22.17 
1.34 

21.10 
1.27 

""̂  Any hybrid treatment combinaron must differ by (7.52) to be significant 
(P< .05) 

" (2.37) Represent the LSD (P< .05) among treatment means within row 
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Table 4.11 In vitro 8 h DMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

41.47 
45.84 
48.20 
43.60 
47.01 
41.74 
41.88 
46.07 
39.70 
48.66 

Processed (no 
drying)" 
51.47 
55.84 
58.20 
53.60 
57.01 
51.74 
53.39 
56.07 
51.68 
58.66 

Processed (dried 
24 h ) ' 
47.06 
41.36 
55.75 
48.94 
51.37 
48.94 
51.24 
48.54 
49.70 
50.15 

44.41 
.992 

54.76 
.866 

49.30 
1.15 

""̂  Any hybrid treatment combinaron must differ by (9.53) to be significant 
(P< .05) 

"(1.97) Represent the LSD (P< .05) among treatment means within row 
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Table 4.12 In vitro 12 h DMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

TH
 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

59.82 
60.28 
51.42 
36.21 
59.20 
42.95 
37.02 
56.13 
46.61 
46.61 

Processed (no 
drying)" 
64.14 
67.21 
62.56 
51.61 
68.04 
61.19 
61.03 
55.16 
58.64 
65.48 

Processed (dried 
24 h ) ' 
62.27 
65.29 
60.74 
50.10 
66.06 
59.41 
58.34 
53.55 
56.93 
63.57 

49.62 
2.89 

61.50 
1.65 

59.62 
1.60 

""̂  Any hybrid treatment combinaron must differ by (4.67) to be significant 
(P< .05) 

" (1.47) Represent the LSD {P< .05) among treatment means within row 
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Table 4.13 In vitro 16 h DMD across the ten hybrids and three treatments. 

Mean" 
SEM 
abc 

-Treatments-
Hybrid 

1-1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

60.33 
62.82 
57.15 
39.22 
58.95 
40.44 
32.04 
57.03 
46.88 
39.48 

Processed (no 
drying)" 
66.72 
55.48 
58.59 
47.27 
60.61 
58.42 
64.16 
57.39 
53.70 
60.92 

Processed (dried 
24 h ) ' 
65.41 
54.82 
57.44 
50.36 
59.42 
57.27 
60.74 
56.27 
52.64 
59.73 

49.43 
3.49 

58.32 
1.72 

57.41 
1.35 

Any hybrid treatment combinaron must differ by (7.45) to be significant 
(P< .05) 

(2.35) Represent the LSD (P< .05) among treatment means within row 
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Table 4.14 In vitro 24 h DMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1-1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

68.69 
60.53 
57.72 
57.92 
53.33 
52.32 
57.49 
52.93 
60.26 
56.83 

Processed (no 
drying)" 
70.90 
73.39 
69.11 
59.67 
70.55 
66.94 

' 71.15 
70.47 
69.71 
70.77 

Processed (dried 
24 h ) ' 
68.83 
71.45 
67.09 
57.93 
68.49 
64.99 
67.42 
68.42 
67.68 
68.71 

59.45 
1.73 

69.26 
1.18 

67.10 
1.13 

""̂  Any hybrid treatment combinaron must differ by (8.19) to be significant 
(P< .05) 

"(2.59) Represent the LSD (P< .05) among treatment means within row 
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Table 4.15 In vitro 4 h OMD of the ten hybrid across the three treatments. 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

20.38 
26.79 
27.71 
21.51 
23.78 
20.08 
22.67 
19.98 
23.62 
25.57 

Processed (no 
drying)" 
20.82 
22.41 
16.16 
29.15 
29.85 
20.32 
26.72 
22.27 
23.69 
25.58 

Processed (dried 
24h)'= 
19.30 
20.16 
15.67 
27.84 
28.24 
19.31 
23.78 
21.10 
22.25 
24.15 

Mean" 
SEM 

23.21 
.885 

23.67 
1.33 

22.18 
1.24 

""̂  Any hybrid treatment combinaron must differ by (6.25) to be significant 
(P< .05) 

"(1.97) Represent the LSD (/'< .05) among treatment means within row 
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Table 4.16 In vitro 8 h OMD of the ten hybrids across the three treatments. 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

49.46 
53.79 
55.56 
51.32 
53.86 
49.05 
49.60 
53.96 
48.07 
55.88 

Processed (no 
drying)" 
55.46 
59.79 
61.56 
57.32 
59.86 
55.05 
56.25 
59.96 
54.07 
61.88 

Processed (dried 
24 h ) ' 
67.22 
42.44 
58.72 
53.05 
52.06 
50.38 
53.75 
49.92 
53.96 
53.16 

Mean" 
SEM 

52.05 
.910 

58.12 
.894 

53.46 
2.00 

""̂  Any hybrid treatment combinaron must differ by (8.52) to be significant 
{P< .05) 

" (2.69) Represent the LSD (P< .05) among treatment means within row 
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Table 4.17 In vitro 12 h OMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

59.44 
58.93 
53.27 
39.58 
59.53 
43.50 
39.63 
56.35 
46.67 
47.75 

Processed (no 
drying)" 
67.37 
67.43 
66.21 
55.22 
72.00 
64.21 
61.85 
59.95 
62.90 
69.43 

Processed (dried 
24 h ) ' 
63.84 
68.47 
60.86 
47.27 
59.51 
54.41 
58.21 
62.91 
53.39 
53.39 

50.46 
2.54 

64.65 
1.55 

54.22 
1.96 

""̂  Any hybrid treatment combinaron must differ by (8.35) to be significant 
(P< .05) 

"(2.64) Represent the LSD (P< .05) among treatment means within row 

75 



Table 4.18 In vitro 16 h OMD for the ten hybrids and three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1-1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

61.57 
62.14 
58.15 
40.65 
60.08 
41.42 
32.30 
58.69 
49.05 
39.66 

Processed (no 
drying)" 
69.95 
72.53 
68.50 
59.05 
69.74 
66.27 
68.57 
69.61 
68.93 
70.24 

Processed (dried 
24 h ) ' 
68.37 
65.98 
64.07 
53.18 
53.82 
51.99 
69.56 
62.03 
51.88 
44.48 

50.37 
3.61 

68.23 
1.38 

68.33 
2.69 

""̂  Any hybrid treatment combinaron must differ by (10.22) to be significant 
(P< .05) 

"(3.23) Represent the LSD (P< .05) among treatment means within row 
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Table 4.19 In vitro 24 h OMD of the ten hybrids across the three treatments. 

Mean" 
SEM 

-Treatments-
Hybrid 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Unprocessed" 

68.89 
59.58 
59.34 
58.76 
54.32 
53.35 
58.26 
55.09 
61.51 
57.99 

Processed (no 
drying)" 
82.24 
76.10 
78.35 
65.36 
80.18 
74.49 
82.14 
78.41 
76.63 
83.06 

Processed (dried 
24h)'= 
71.82 
65.38 
70.23 
59.83 
56.37 
59.81 
72.33 
57.59 
64.82 
61.39 

58.71 
1.39 

77.70 
1.64 

63.95 
1.86 

""̂  Any hybrid treatment combinaron must differ by (11.80) to be significant 
(P< .05) 

" (3.73) Represent the LSD (P< .05) among treatment means within row 
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CHAPTER IV 

INTERGRATED SUMMARY 

In a study by Richardson and Smith (1995), numerous feedyards were 

surveyed to determine why corn is the most commonly used grain source in 

feedlot diets. The researchers reported that the major factor determining the 

use of corn over sorghum was due to its processing efficiency. Previous research 

in grain processing has shown that sorghum cuirvars and corn hybrids differ in 

their steam-flaking properties and the energy required to flake (Smith, 1995; 

Swift, 1997; Salyer, 1998). Therefore, it is important to study the energy 

properties of corn hybrids to determine if processing is more efficient with 

greater quality flakes, ands fewer percent fines. It is important to know if some 

corn hybrids have greater nutrironal quality than other hybrids. If such hybrids 

were recognized, they would represent an economic and nutrironal advantage 

over lesser quality hybrids. The purpose of this study was to obtain detailed 

informaron on differences or similarires that might exist among the ten hybrids 

on processing affects and nutrient composiron. 

The first experiment examined the processing attributes of ten hybrids. 

The properties measured were energy consumpron, rme to process, flake 

durability, and percent fines. Differences {P< .05) of electrical consumpron 

were found between the hybrids. The kWh of electricity used ranges from .306 

to .60 kWh. Hybrid 4 (.60 kWh) consumed the most electricity and hybrid 7 
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(.306 kWh) consumed the least. There were also differences (P< .05) detected 

in the rme required to process the hybrids. The rme required to flake the 

hybrids ranged from 2.12 to 3.69 minutes. Hybrid 6 (2.12 min) took the least 

amount of rme to flake, while hybrid 5 (3.69 min) took the longest rme to 

process. Differences (P< .05) were found between the hybrids for percent fines 

and no differences (P< .05) were found for flake durability. The flake durability 

of hybrid 8 (90.92%) was the highest and hybrid 6 had the lowest flake 

durability (87.33%). The percent fines ranged from 1.63% to 5.00%. Of all the 

hybrids, hybrid 8 was found was greater than the others in flake durability and 

percent fines with hybrid 7 processing allowing the least amount of rme with the 

lowest energy consumpron of the ten hybrids. 

In the second experiment, the ten hybrids were measured for nutrironal 

value of the starch retrogradaron. Differences (P< .05) were found among all 

ten hybrids in every treatment in every area analyzed. There were also 

differences (P< .05) among the three treatments of unprocessed, rme zero 

(frozen immediately after processed), and rme 24 (air dry 24 h and frozen). 

There were hybrid by treatment interactions encountered in all areas of analysis 

except ADF, 4 h DMD, 8 h DMD, 24 h DMD, and 24 OMD. This experiment 

determined that processing does in fact improve nutrient content and that 

retrogradaron impedes nutrient availability of these hybrids. 

The idenrficaron of the corn hybrids that deliver the highest efficiency in 

processing and the hybrids that supply superior nutrient composiron are very 
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important. Few grain ourets are capable of preserving the idenrty of the special 

hybrids. It is even more difficult for the hybrid producers to take on the 

financial burden to produce and store these hybrids. For this specialized part of 

the industry to grow, more research is needed to establish the true superiority 

and feasibility of these hybrids. 
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