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ABSTRACT 

Three experiments were designed and conducted to determine the effects of steam-

flaking com hybrids on the digestibUity of essential anUno acids, for use in more exact 

formulation of diets for cattle. Information on the digestibility of amino acids by cattle is 

very linUted and could see immediate industry application. A series of experiments were 

conducted to measure the digestibility of lysine, methionine, threonine, dry matter and 

nitrogen content of four com hybrids. In the first experiment, one-hundred-twenty 

weanling rats were utilized in a 4 x 3 factorial to determine the digestibilUy of the limiting 

amino acids for cattle. The rats were randonUy assigned to individual wire bottom cages 

and fed one of twelve experimental diets containing one of four unprocessed com hybrids 

supplemented with the ten essential amino acids except for the amino acid of interest. 

After seven days adaptation and seven days collection in the first trial, rats were 

rerandomized into a second trial with the source of com being steam-flaked. Amino acid 

profiles were determined by using HPLC. A follow-up experiment was then conducted to 

determine the mmen degradation of the limiting amino acids for cattle utiUzing in vitro 

techniques of both processed (steam-flaked) and unprocessed grains incubated for 4, 8, 

and 16 h. The final experiment was conducted to determine the total tract digestion of 

lysine, methionine and threonine of the same steam-flaked hybrids in steers using a 4 x 4 

latin square design. Total collection of feed, feces, urine and orts was used to determine 

the amino acid digestion, nitrogen retention and dry matter digestion. Differences (P < 

.05) were found for all variables measured between the processed and unprocessed grain 
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sources when fed to rats. Lysine and methionine digestibility was the highest for Hybrid 2 

and was significantly higher (P < .05) than all other hybrids. Hybrid 4 had the highest 

threonine digestibUity and was greater than (P < .05) remaining hybrids. Digestion of 

methionine was higher (P < .05) than lysine or threonine and performance of rats fed the 

methionine deficient diets was greater (P < .05) than remaining amino acids. Dry matter 

digestibUity in vitro tended to be higher for the steam-flaked grain when compared to the 

unprocessed gram. 
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CHAPTER I 

INTRODUCTION 

Com {Zea mays indentata), whether, steam-flaked, dry rolled or stored with a high 

moisture content, is used commonly in feedlot diets as a source of energy (carbohydrate) 

for the animal. The feed still needs a source of protein from plant or animal origin or non

protein lUtrogen. Costs associated with supplying these forms of protein and the concern 

of feeding animal protein sources back to animals warrants an exanUnation of protein and 

amino acids (AA) from the energy portion of the diet. Mertz (1963) through eariy 

research with pigs has shown that com is a fine source of protein, carbohydrate and fat, 

and needs oiUy to be supplemented with minerals, vitanUns and certain AA to become a 

complete feed. 

Past research dealing with diet formulation on an AA basis has centered mainly on 

the monogastric species. Research involving mnUnants has focused on the availability of 

AA to the small intestine from proteUi sources such as soybean meal, canola meal, fish 

meal, com gluten meal, blood meal and rapeseed meal. The value of a protein source in 

improving runUnant performance is determined by Us ability to (1) supply limiting AA to 

the small intestine, and (2) supply N available for use by mminal microorganisms 

(TUgemeyer et al., 1989). Rummal degradation of the essential linUting AA will have a 

profound effect upon the quality of a protein as a source of AA required by the animal for 

protein accretion. WUh the development of new com hybrids that have increased nutrient 

profiles, (1) higher values in lysine and tryptophan, (2) higher portions of oil to be used as 



energy or (3) changes Ui the endosperm type to a higher amylose percentage, there became 

a need for extensive evaluation to detemUne the value to the animal. While feeding these 

hybrids did cause improvements in animal performance, low harvest yields and a lack of 

producer incentive to grow the hybrids have stalled their acceptance as viable feedstuffs 

All animals require AA in theU diet. These AA are obtained from the protein 

portion of the diet, which is usuaUy supplied from a feed ingredient other than com. 

Ammo acids are considered essential, if not produced by the body or if they are not 

produced in large enough amounts to meet metabolic needs, and non-essential if they are 

synthesized in the body Ui sufBcient amounts. Ten of the 20 AA are considered essential. 

When the essential AA are absorbed Ui the correct profile (i.e., aU are equally hunting), 

efficiency of use of AA for protein synthesis is maximized and urinary excretion of 

endogenously synthesized urea (from leftover AA) is reduced (Schwab, 1996). 

For AA to be absorbed, proteUis must be catabolized to free AA. Once the protein 

has been broken down into single AA or di- or tripeptides, absorption across the wall of 

small intestine wUl occur. In monogastrics the AA will reach the small mtestine wUhout 

dismption or significant loss of intact AA. In mminants, chemical dismption of the 

protem and the subsequent loss of AA as nitrogen sources to the mmen nUcrobial 

population make the source of AA even more important to the animal and the feedlot 

nutritionist. Earlier research has focused on the monogastric system and the hindgut of 

the ruminant. Many trials have been conducted to determine AA usage by animals and 

the AA importance in linUting growth. However, research has been limited in the area of 

AA availability or digestibility, especially wUh known hybrids of feed grains. Therefore, 



the intent of this research will be focused on the AA availability of various com hybrids 

Selection of AA was done according to their importance of UnUting growth of animals 

Specific objectives will (1) determine the digestibility of lysine, methionine and threonine 

in weanUng Sprague-Dawley rats (50 g) from different com hybrids when either steam-

flaked or unprocessed, (2) determine the digestibility of lysine, methionine and threonine 

from different com hybrids when exposed to mmen fluid in-vitro, (3) determine total tract 

digestibility of the first three limiting AA for cattle (lysine, methionine and threonine) 

utilizing feeder steers (250 kg), when fed different steam-flaked com hybrids and (4) to 

develop, by use of stafisfical modeling, equations that v̂ U predict digestibility of lysine, 

methione and threonine from known factors for mminants. 
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CHAPTER n 

LITERATURE REVIEW 

Com Hybrid Comparisons 

When a producer decides to plant a crop, a goal is estabhshed to produce large 

quanitities with nUnimal inputs to realize a profit. The thought of producing a nutritionally 

sound ingredient for Uvestock rations is not likely to be a priority. Of importance is the 

yield per acre, moisture content and the bushel weight of the grain at time of harvest. 

Incentives for the producer to grow a highly nutritious feed grain have just started to 

become common place m the market. Production of com hybrids wUh improved oil 

contents are reaUzing producers a $.20-30 prenUum per bushel over common hybrids 

(House, 1997). 

Before the impact of hybridization, com tended to be fairly homogenous. 

However, the com breeder has been able to select for a variety of differing characterisUics 

(Perry et al., 1974). New hybrids contain higher amounts of certain amino acids (AA) and 

improved AA profiles than unhybridized varieties that would better complement the needs 

of Uvestock. The Opaque-2 gene increased the amount of lysine and tryptophan, without 

increasing the amount of protein Ui the grain (Mertz et al., 1964). To achieve the 

increases of lysine and tryptophan in the kemel, breeders selected for larger germ sizes and 

lower zein content. Zein is a com protein virtually devoid of lysine and tryptophan 

(SauberUch et al., 1953). Unfortunately, such selection resuUed in the deleterious affects 

of soft, floury endosperm which is subject to breakage and mold growth, slow drying and 



lower yields (Dudley-Cash, 1996). With the common practices of nitrogen fertilization for 

maximum com growth, the protem content of the endosperm can be increased. However, 

the increase in rUtrogen fertilization will also increase the zein content nullifying any 

improvement in com AA quality. Lack of nitrogen fertilizer could also partially explain 

poorer yield of the high-lysine com. Burgoon et al. (1992) researched quality protein 

maize (QPM), a hard endospermed Opaque-2 com which also contains higher lysine and 

tryptophan amounts, but Us harder endosperm makes it less susceptible to fungal and 

insect damage. The QPM wiU produce greater yields than the original Opaque-2 com. 

The introduction of hybrids with increased oil contents would allow for the 

replacement of added energy sources such as tallow and vegetable oils. Also, discovered 

in the early 1900's was the waxy mutant which contained an altered starch composUion. 

The waxy gene is responsible for the endosperm starch being made up entirely of 

amylopectin, while normal com is composed of about 75% amylopectin and 25% amylose 

(Bauman, 1974). 

Research conducted to test the nutritonal value of altered com hybrids is 

inconclusive for some hybrids whereas, other strains have proven useful to producers and 

livestock. The use of high-oil com has proven to be succesflil in replacing addUional 

energy sources (House, 1997). Continued research into the processing characteristics of 

waxy and heterowaxy hybrids may be beneficial to producers and nutritionists in the 

future. Research with grain sorghum has proven that waxy varieties have an increased 

nutritional value and have been shown to process with greater ease (Smith, 1995). 



Responses to feeding com with altered AA profiles have been somewhat variable. 

Nelson et al. (1971) reported that cattle consuming Opaque-2 com had significantly more 

efficient gain than steers fed normal com. However, research conducted by Thomas et al 

(1975) and Ladely et al. (1995) concluded that no differences in cattle performance were 

observed when feeding high-lysUie com or normal com. The nutritional benefit for 

mminants is unclear, but the benefit of the high-lysine com hybrid for non-mnUnants is 

posUive. Burgoon et al. (1992) and Komegay et al. (1975) reported increases in swine 

performance from increased levels of lysine. Both Burgoon et al. (1992) and Komegay et 

al (1975) also reported that the increased levels of lysine in the Opaque-2 com reduced the 

need for supplemental protem in the diet of sv^ne. 

New advancements in the production of com hybrids has led to variable success 

and improvement from the normal hybrid. Any improvements over regular com have been 

overshadowed by the lack of production or decreased yields per acre. Thus, in the 

development of hybrids of com, three characteristics should be considered: (a) the 

percentage of protein in com; (b) the composUion of the protein, or the AA content of the 

com; and (c) the protein production and the com yield per acre (Sauberlich et al., 1953). 

To make advancements in improving the quality of protein and the profile of AA to match 

the need of the animal, com hybrids will have to be selected to decrease the zein levels and 

increase the AA levels of the endosperm and germ. 



Grain ProcessUig Effect on Digestion 

Normal procedures in the manufacture of feed ingredients can influence the 

magiUtude of protein degradation in the mmen (Chalupa, 1975). Grain processing does 

improve the nutrient digestibility of com by increasing the surface area for microbial 

attachment, which will increase the amount of starch that is utUized and increase protein 

and AA degradation. Procedures that produce high amounts of heat for prolonged 

periods of time will decrease the availabUity of proteins. These procedures could include 

the heat treatment of soybean meal to inactivate the trypsin inhibUor, spray drying or flash 

drying of blood meal or plasma, or any other process that is used for extraction of protein 

products. Simple procedures such as drying grain, if the temperature is not controlled, can 

affect the protein avaUability by causing the proteins to attach with the starches making 

them unavailable as in the MaiUard reaction. 

Procedures for improving the nutrient availability of com and other grain products 

involves the use of steam-flaking, grinding, dry rolling, micronizing, extmding and 

popping with steam-flaking and dry rolling being used most commonly in the feedlot. 

Feed processing methods, such as pelleting, steam rolling or flaking, tend to denature the 

feed protein due to the generation of heat, thereby 'protecting' the protein from lysis in 

the mmen (van der Walt and Meyer, 1988). The other processes will most likely not be 

used due to their expense and lack of applicability. 

The increase in starch digestion from steam-flaking and other processes serves not 

only to increase the supply of energy to the animal, but will also increase the amount of 

energy available to the microbial population. Meyer and coworkers (1967) established 
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that increasing the concentration of readily fermentable carbohydrates in the processed 

feeds resuhed m lower mmen ammonia concentration, because bacteria were able to 

convert more ammonia nitrogen to microbial protein. With the increased use of non

protein nitrogen, the microbial population becomes more important for production of AA 

and microbial protein to the lower tract. Waldo (1973) concluded that for every 100 g of 

starch escaping the mmen, microbial protem production is reduced by a range of 8.2 to 

23.3 g. 

Amino Acid Digestion and Utilization by Ruminants 

For protein accretion to occur in mminants, a continual supply of AA and peptides 

must be taken to the tissue to replace the previous protein tumover. To reach the tissue 

the protein must first pass through the reticulo-mmen, omasum, abomasum and the upper 

duodenum to be ready for absorption in the jejunum and the ileum. The protein of 

duodenal digesta is derived from three main sources; namely, mmen microbes, feed and 

endogenous secretions (Harrison et al., 1973). 

Dietary protein entering the forestomach is often extensively degraded by both 

bacteria and protozoa (TammUiga, 1979; van der WaU and Meyer, 1988). Owens and 

Zinn (1988) describe a muUistep process for protein degradation, which first involves the 

solubUization of insoluble protein. Next, proteolytic enzymes cleave the solubilized 

proteins into peptides and free AA. The peptides and free AA can then be rapidly 

absorbed by the mmen bacteria and used as is, or they are deaminated to ammonia. The 

hydrolysis of the protein occurs on the outer wall of the bacterial cell, where proteases and 



peptidases are attached. This gives the bacterial cell dUect access to the products of 

protein degradation (Owens and Zinn, 1988). The species of Bacteroides, Butyrivibho, 

and Selenomonas appear to be more potent proteolytic mmen bacteria (Chalupa, 1975). 

Protozoa are capable of proteolysis within the protozoal cell, by engulfing small 

feed particles or bacteria. If the resulting AA are not mcorporated into protozoal protein 

they are often excreted into the surrounding medium rather than being degraded further 

(Coleman, 1975). Maynard et al. (1979) noted that several characteristics affect the 

usefulness of mmen nUcrobial AA. These would include: (1) diet does not affect the 

amino acid composUion of individual species of bacteria or protozoa per se, (2) protein 

quaUty of bacteria and protozoa are quUe similar, (3) tme digestibihty of protozoa is 

higher (88 percent) than bacteria (66 percent), and (4) protozoa numbers are higher on 

high-roughage diets than on concentrate diets. Protozoa can be divided roughly into large 

cUiates, e.g., the Holotrichia (Uicluding the genera, Isotricha and Dasytrichd) and the 

smaller entodiniomorph ciliates, or Entodinia, between which there is roughly a 50 to 100 

times difference of size (Leng and Nolan, 1984). 

Digestion is essential for the survival of the mmen population and ultimately the 

animal. In a perfect cUmate, the digestion of feed particles, especially proteins, would be 

100%. Such is not the case in the mmen, where several factors can influence the rate of 

digestion and the subsequent release of nutrients. 

The largest single factor which will affect the degradation of proteins in the mmen 

is mminal retention time. Ruminal retention time of dietary ingredients is quUe variable 

and varies not only from one diet to another, but also between animals (Balch and 
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CampUng, 1965). Particle size of feed mgredients will also influence the rate of passage 

through the mmen. Smaller particles will pass through the reticulo-omasal orifice quicker 

than larger diameter particles. This wUl hold tme if the density of the larger particles is 

low. However, if the density of large particles is high (1.0 to 1.2), then the retention time 

wUl be decreased. Type of diet will affect the passage rate with high roughage, long stem 

hay diets possessing more bouyancy creating a hay mat on top of liquid. High concentrate 

diets should pass relatively quickly. Passage rate for both concentrate and roughage 

particles tends to increase with feed intake, changes differ in degree and fractional passage 

rate for concentrates and generally exceeds passage rate for roughages by about 10% 

(Owens and Goetsch, 1988). 

Differences in digestion of proteins and AA wiU also be influenced by the solubiUty 

of the nitrogen containing compounds of the feed. SolubUity of feed protein is partly 

determined by the relative amount of soluble albumins and globulins on the one hand and 

the less soluble prolamins and gluteUns on the other (Tamminga, 1979). Feeds whose 

major protein fractions are albumins and globulins have a higher protein solubility than 

feeds containing mainly prolamins and gluteUns in their protein (Wohlt et al., 1976). 

Processing will also have an effect on the solubility of the nitrogen compounds. Grains 

that are processed have a greater surface area available for mnUnal microbe attachment 

and degradation. The overprocessing of grains and other feedstuffs using dry or moist 

heat treatments may cause the protein to be less soluble in the mmen, therefore causing 

the protein and AA to bypass the mmen. 
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Rumen bypass of AA has been of great interest to nutritionists when feeding high 

producmg livestock. Individual feeds are composed of a nUxture of proteins and if mminal 

degradabiUty of these component proteUis differs, then differences may exist between the 

amino acid profile of the ingested feed and the portion of that feed which escapes mminal 

degradation (Crooker et al., 1987). It is known that the supply of AA from microbial 

production is not sufficient to meet the needs of high producing animals Therefore the 

need for AA supply to the lower tract in the form of feed AA is necessary to meet the 

requirements. These AA can be supplied from the undegraded or bypass portion of a feed, 

chemically treated feeds to increase the bypass portion, or by protected AA. Common 

treatments of feeds include usUig formaldehyde and tannins. This is done by making the 

protein resistant to neutral pH and vuUierable to the lower pH of the small intestine. 

Protection of AA includes coating the AA in a mass of starch or a gelatinous compound 

that wiU not be degraded quickly Ui the mmen. Once the protected AA reaches the small 

intestine, the starch or gelatinous cover is almost dissolved and the AA is readily available 

to the lower tract for absorption across the intestinal wall. 

Amino acids available for absorption in the small intestine will come from 

microbial protein and from undegraded feed proteins. Other nitrogen compounds will also 

be present in the digesta flowing to the small intestine. These compounds may be keto-

acids, free AA, NPN and endogenous nitrogen sources. Once the proteins enter the small 

intestine they will be further broken down by endo and exopeptidases to yield free AA and 

peptides. Amino acids appear to be absorbed mainly from mid to lower ileum, although 

the highest rate of amino acid absorption may occur in mid-jejunum (van der Walt and 
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Meyer, 1988). Phillips et al. (1976) described the absorption of AA from the small 

intestine as beUig actively transported from the intestinal lumen by the intestinal mucosa, 

utUizing carrier systems which may contain sodium or potassium as an active part plus a 

source of energy. This type of system is known as a secondary active transport system 

using the sodium concentration gradient. 

Degradation, metaboHsm and absorption of AA and nitrogen compounds in the 

large intestine is thought to be the same as in the mmen. The presence of cellulase, 

protease, deanUnase and urease activities, as well as fermentation products suggest protein 

digestion in the large intestine (van der Walt and Meyer, 1988). However, hindgut 

fermentation is energy limited and may be increased by supplying excess energy to the 

large intestine. Absorption of the metabolized products may be nUnimal increasing the 

actual amount of nitrogen in the feces. 

Microbial Amino Acid Production 

In mminant feeding one has to consider two protein requirements, the 

requirements of the animal Uself and the requirement of the microbial population in the 

forestomach (Tamminga, 1979). Consideration of these two factors is of utmost 

importance due to the synergistic effect that one has on the other. When feeding the 

animal U is often considered that the nUcrobial population will take care of the host by 

supplying adequate amounts of protein, as long as sufficient energy is supplied to maintain 

the microbes. The nUcrobial population in the forestomach of a mminant has the capacity 

to synthesize all essential AA (Tamminga, 1979). Feeding a diet consisting of only 
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mtrogen from non-proteUi nitrogen sources would make the previous statement tme. 

However, Oltjen (1969) reported that the resuUs of several studies indicate that when non-

proteUi nitrogen (NPN) completely replaces the protein Ui purified diets, growth rate and 

feed efficiency are about 65% of that found when protein is in the diet. 

As mentioned earlier, the protein from the feedstuffs entering the mmen are acted 

on almost inunediately by bacteria and protozoa. The proteolytic enzymes, which are 

located on the outside of the bacterial cell, start the degradation of the feed protein to 

release AA and peptides. The bacteria will utilize the AA as is or will synthesize AA from 

ammonia nitrogen and carbon skeletons, thus fomUng microbial cell protein (MCP). The 

protozoa will engulf smaU feed particles or the MCP drawing AA from these sources. 

Rumen bacterial protein varies little in AA composUion, even under widely 

differing dietary regimes (Purser and Buechler, 1966). The primary constancy of AA 

content does not necessarily mean that all microbial protein is of the same value to the 

host animal (Burris et al., 1974). Release pattems from the microbial protein may affect 

the digestibility of a particular AA and influence absorption rates from the mminant 

alimentary tract (Purser, 1970). Differences in the degradabiUty of the AA will affect the 

quality of the different strains of microbial protein. Bergen et al. (1968) demonstrated that 

14 strains of mmen bacteria with sinUlar AA composUions were of widely differing protein 

quality. 

Determining which strains of mmen bacteria have the greatest influence on the 

degradation of AA has been the focus of many research trials of the past. Scheifinger et 

al. (1976) used five major genera of mmen bacteria to reveal the amount of degradation 

14 



by mmen bacteria. The genera Megasphera, Eubacterium and Streptococcus degraded all 

AA presented to them to some extent. Butyrivibrio appeared more random in its 

degradation by completely degrading three AA and not attacking one. The genera 

Selenomonas ruminantium showed interesting results. The subspecies lactilytica attacked 

all AA except for His and Tyr. The subspecies ruminantium could not utilize eleven AA 

and showed similar results as lactilytica for Asp, His and Tyr. It would appear that since 

Selenomonas ruminantium is a major propionate producer, that the subspecies 

ruminantium is a very effective starch utilizer. DegradabUity values of AA from mmen 

microganisms reported by Storm et al. (1983) were in the range of 80 to 88%, with His, 

Cys and Pro having degradation rates of 68, 73 and 76%, respectively. This would agree 

with the findings of van der Walt and Meyer (1988) who found a range of 74-85% 

digestibiUty. 

Depending on diet, 60 - 90% of the daily nitrogen intake of the mnUnant may be 

converted to ammonia and from 50 - 70% of bacterial nitrogen may be derived from this 

ammonia (Leng and Nolan, 1984). Remaining feed nitrogen will be more than likely 

incorporated m AA by the mmen microbes or pass through the mmen to the lower tract. 

Leng and Nolan (1984) indicate that the total production of protozoal protein in 

the mmen was about 23 g protem/day; about 14 g of this apparently was degraded in the 

mmen, and only 9 g moved to the lower digestive tract. WUh only a fraction of the 

nitrogen being moved to the lower tract U would seem apparent that animal performance 

would be reduced by large quantUies of protozoa. The rate of degradation of the 

protozoa releasing the nitrogen back into the mmen is slower than the uptake of the 
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nitrogen by the bacteria. Rumen protozoa are usuaUy found when high levels of roughage 

are found Ui the diet, as they can not withstand the lower pH produced when a high 

concentrate diet is fed. Therefore, U would seem logical that elimination of the protozoa 

from the mmen of Uvestock consunUng high forage diets, would increase the nitrogen 

avaUable to the bacteria for microbial protein production. Thus, it seems that defaunation 

may serve as a strategy for Uicreasmg postmnUnal AA supply and improving utilization of 

dietary protein via reduced degradation of dietary protein and increased microbial protein 

supply (Merchen and TUgemeyer, 1992). 

Balancing Rations on an Amino Acid Basis 

In reviewing the hterature of AA utiUzation and bypass, U seems very possible that 

m the future the abUity to balance a beef cattle ration on an AA basis will occur. Granted 

much work needs to be done to completely verify the quantUy and quality of AA entering 

the smaU intestme from the production of microbial protein. Information on the feeds and 

then ability to bypass the mmen is abundant, however. Consideration must be taken to 

Uisure that AA entering the lower tract are not wasted in the form of excess mmen 

undegradable protein (RUP). 

While much work has focused on the ability to determine the feed value to the 

animal, considerable research needs to be done to determine the specific AA requirements 

of cattle. Richardson and Hatfield (1978) elucidated the limiting AA of cattle to be 

methionine, lysine and threonine. Supplemental amounts of AA can be fed to the animal 

to provide the linUting AA, most notably Met and Lys, or increasing the amount of mmen 
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undegradable AA can be done to Uisure proper amounts of Met and Lys. Consideration 

must also include the fate of the amount of microbial protem produced if the undegradable 

portion of the diet is increased. WUh the increase in RUP there will be less protein and 

AA available to the microbes to synthesize quality protein for the animal. Clearly, more 

research is needed and ration formulation programs must become more sophisticated 

before cattle rations can be balanced for AA with the precision possible for poultry and 

swine (Schwab, 1996). 
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CHAPTER III 

DIGESTIBILITY OF LYSINE, METHIONINE AND THREONINE IN 

STEAM-FLAKED OR UNPROCESSED CORN HYBRIDS WHEN 

FED TO SPRAGUE-DAWLEY RATS 

Abstract 

BaseHne Lys, Met and Thr digestibilUies (disappearance of nutrients due to 

absorption) of four commercially grown hybrids were determined using weanling (40 g) 

rats. Two experiments were conducted utilizing unprocessed grain in the first experiment 

and processed grains in the second. All grain was grown under similar conditions and 

sourced by Pioneer® Hi-Bred Intemational, Johnston, lA. The rats were individually 

housed and randomly assigned to one of twelve treatments, with ten replications per 

treatment. Diets were balanced on an AA basis leaving the desired AA for a specific 

treatment unsupplemented. Hybrids were evaluated for dry matter digestibility (DMD), 

rUtrogen digestibility (ND) and anUno acid digestibility (AAD). Performance measures, 

average daily gain (ADG), feed efficiency (F:G) and FI (FI) of the individual rats were 

obtained and analyzed. Processing had a positive effect on all the variables (P < .05) 

Feed intake and F:G data follow typical pattems in that the hybrid with the highest daily 

gain had the largest FI and the lowest F:G. Hybrid 2 had the highest Lys digestibility (LD) 

(77.95%) and was different from hybrid 3 (74.09%) for unprocessed grains. However, 

hybrid 4 was greatest in LD for processed grains. Methionine digestibility (MD) was 

21 



greatest for hybrid 3 for the unprocessed grains and hybrid 2 for the processed Hybrid 4 

Thr digestibility (TD) of 89.63% was highest (P < .05) and hybrid 2 the lowest (70.97%). 

Introduction 

Ingredient prices, especially protein ingredients, influence the nutritionists decision 

of which ingredients to use in feedlot diets. The cost associated with protein feeds 

contributes immensely to the overaU ration cost and can be reduced by utilizing other 

ingredients. EstimatUig the protein value of feedstuffs for mminant animals has been of 

major concem among nutritionists during the last decade (Muscat© et al., 1983). 

Therefore, with the high costs of protein sources, it may be beneficial to further investigate 

the contribution that the energy source of the diet may have on supplying protein and AA 

to the aiUmal. Since com is a major energy ingredient in feedlot diets, beneficial use of the 

AA profile and digestibility of the AA could be recognized. Objectives of this experiment 

wiU be to determine the digestibility of Lys, Met and Thr of steam-flaked or unprocessed 

com hybrids when fed to Sprague-Dawley rats. 

Experimental Procedures 

Two experiments were conducted to detemUne the Lys, Met and Thr digestibilUies 

of processed or unprocessed com hybrids when fed to weanling rats. Grain was processed 

UtUizing a pUot steam-flaking unit (Ferrel-Ross, Model #18x12 HYD, Oklahoma City, 

OK), which was located at the Texas Tech University Livestock Operations Feedmill, 

New Deal, TX. The steam chest had a one-time capacity of 33.98 kg of grain and was 
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25.5 cm in diameter and 2.4 m in length with 4 steam hnes spaced 0.6 m apart which 

spanned the total length of the steam chamber. The cooked grain was moved to the rolls 

by a variable speed drive magnetic feeder (Syntron magnetic feeder, Model # BF2AFMC., 

Philadelphia, PA). The flaking unit was equipped with two 12" x 18" rolls with 14 

cormgations per inch in a Stevens cut. 

Exactly 22.72 kg (50.0 lb) of grain was weighed into 189.2 1 metal barrels and 

used for steam-flaking. All grains were tempered with Myco-Flake (Kemin Industries, 

Inc., Des Moines, I A) at a rate of 0.19 ml/kg (6 oz/ton) and water for approximately 24 h 

to an internal moisture of 18.5%. The test grain was manually poured into the steam 

cabinet and steam was allowed to enter by opening the four valves of the steam lines. 

Steam was morUtored to ensure that 25 psi of steam was maintained on the steam line at 

all times. Grain was then steamed for 30 nUnutes once the intemal cabinet temperature, 

reached 100°C (2051?). 

Experiment 1. One hundred fifty weanling rats (avg. 40 g) were utilized in a 4 X 3 

factorial arrangement of treatments to detemUne the effect of four different unprocessed 

com hybrids on LD, MD, TD, DMD, ND, ADG, FI and F:G. Treatments consisted of 

four com hybrids plus a control diet, in which three AA were analyzed, for a total of 

fifteen treatments with ten rats per treatment. The control diet was #5001 Lab Rodent 

Chow acquired from PMI Feeds, Inc. St. Louis, MO. The composition of the diet was 

corn-soybean meal based and was fortified to meet the AA, vitamin and nUneral needs of 

the rat. Harlan Sprague-Dawley rats were acquired through the Laboratory Animal 

Resources Center (LARC) at the Texas Tech University Health Sciences Center. Upon 
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arrival, the rats were weighed and assigned to one of five weight groups (< 38 g, 39-40 g, 

41-42 g, 43-44 g and > 45 g). After all rats were divided into theU respective weight 

groups, the rats were randomly aUocated to individual cages and treatments by random 

selection from weight group. The heaviest weight group was allotted first, then the next 

heaviest and so on until all rats were allocated. The first rat chosen was assigned to hybrid 

1 Lys treatment, the second rat to hybrid 1 Met treatment, the thUd rat to hybrid 1 Thr 

treatment and so on through hybrid 4 Thr treatment. Rats receiving the commercial diet 

were assigned along with the treatment rats. This process was repeated until all rats were 

assigned. All rats were housed in individual wire bottom cages at the LARC in an 

environmentally controlled room (21°C) with twelve hours Ught. The rats were fed a meal 

diet ad libitum in self feeders and had unlimited access to water. Uneaten feed was 

removed every 48 hours and feed consumption recorded. Total collection of feed and 

feces occurred in a fourteen day trial. After allocation to their cage the rats were started 

on a seven day adjustment period, foUowed by a seven day collection period. Feces were 

collected daily from pans undemeath the cage and composited over the seven days. 

Table 3.1 lists the composUion of individual hybrids. Treatment diets (Table 3.2) 

were formulated on an AA basis (NRC, 1978) to provide the ten essential AA by 

supplementation over what was provided by the com source. Diets were supplemented 

wdth both a mineral mix (Table 3.3) and a vUamin mix (Table 3.4). Depending on 

treatment, the AA being analyzed for was not supplemented and left deficient. All diets 

were mixed in a Blakeslee bowl nUxer (G. S. Blakeslee and Co, Chicago, IL) for ten 

minutes. Dry ingredients were added first and nUxed five nUnutes, at which time the oil 
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was added and nUxed an addUional five minutes. Rats were weighed on days 0, 7 and 14. 

DigestibiUty calculations were detemUned by subtracting the fecal amount from the intake 

amount and dividing by the intake amount. 

Samples of feed and feces were dried in a forced air oven at 55°C for 48 hours and 

dry matter calculated. Samples were then ground through a 1 mm screen for subsequent 

analysis. Orts were considered to be finely ground enough that separation would not 

occur, therefore nutrient content was considered to be the same as the original feed. 

NUrogen content was determined by the Kjehldahl determination using AOAC procedures 

(AOAC, 1996). AnUno acid content of the feed and feces was determined by procedures 

outUned by Linse et al. (1996). Two mg of sample were weighed and placed in 20-ml 

glass tubes. To each tube was added 300 ul of 6 N HCl, with .05% phenol (wt:vol) and 

1% thioglycoUc acid (vol:vol). Tube tops were then heated and extended using an 

oxyacetylene flame to create a neck in the tube. Tubes were then cooled in the freezer for 

approximately ten minutes to prevent the liquid from "bumping" out of the tube when a 

vacuum was applied to them. After total evacuation of oxygen, the tubes were heat sealed 

and incubated for 20 h at 110°C. Tubes were allowed to cool before being etched and 

opened using a white hot glass rod. The tube rim was then glazed to smooth the edges 

and cooled. Parafilm® was placed over the top of the tube and holes were then punched 

into the cover. The liquid was evaporated to dryness using a dessicator under vacuum. 

Ethylenediaminetetraacetic acid [EDTA] and water were added to the dry residue at which 

time the tubes were vortexed to resuspend the residue. After resuspension, the solvent 

was fiUered through a .2 - p fiUer with centrifugation to remove the particulates. The 
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hydrolysate was then analyzed using a 420A hydrolyzer and derivatizer utilizing a PITC-

AA precolumn derivatization reaction on-line with a 130A HPLC analyzer system and a 

920A data collection system (Perkin-Elmer Aplied Biosystems Division, Foster City, CA). 

Free AA were spotted onto a derivatizer fritt disk and were converted to 

phenyUhiocarbamyl (PTC)-AA. The resulting derivatized AA were separated using on-

Une high performance Uquid chromatography (HPLC) equipped with a UV-detector. The 

column used was a 2.1 x 50 mm ODS reversed phase PTC column Flow rate was 300 

pl/min with a colunm temp of 3 TC. Solvents used were A: 75 mM sodium acetate (pH 

5.58) containmg 2.5% acetonitrUe and B: 70% v/v acetonitrile/water (ultrapure) with 32 

mM sodium acetate at pH 6.2 in sequential order. Percent AA content was calculated 

from the total mass of AA recovered. Total mass recovered muUiplied by the dilution 

factor resulted in total ug of AA in the sample. The total pg were then muUiplied by the 

mole percent of the desired AA resuUing in the amount of that specific AA in the sample. 

The amount of a particular AA was then divided by the sample weight (pg) to calculate 

the percent of the AA. 

Experiment 2. One hundred twenty weanling rats (avg. 80 g) were utilized in a 

4 X 3 factorial arrangement of treatments to determine the effect of four different 

processed (steam-flaked) com hybrids on LD, MD, TD, DMD, ND, ADG, FI and F:G. 

Treatments consisted of four com hybrids, in which three AA were analyzed, for a total of 

twelve treatments with ten rats per treatment. Harlan Sprague-Dawley rats from the first 

experiment were reallocated to treatments from weight groups. After all rats were divided 

into respective weight groups, the rats were randomly allocated to individual cages and 
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treatments by random selection from weight group. The heaviest weight group was 

allotted first, then the next heaviest and so on until all rats were allocated. The first rat 

chosen was assigned to hybrid 1 Lys treatment, the second rat to hybrid 1 Met treatment, 

the third rat to hybrid 1 Thr treatment and so on through hybrid 4 Thr treatment. This 

process was repeated until all rats were assigned. All rats were housed in individual wire 

bottom cages at the LARC in an environmentally controlled room with twelve hours light. 

The rats were fed a meal diet ad libitum in self feeders and had unlimited access to water. 

Uneaten feed was removed every 48 hours and feed consumption determined. Total 

coUection of feed and feces occurred in a fourteen day trial. After allocation to their cage 

the rats were started on a seven day adjustment period, followed by a seven day collection 

period. Feces were collected daily from pans undemeath the cage and composUed over 

the seven days. 

Treatment diets (Table 3.2) were formulated on an AA basis (NRC, 1978) to 

provide the ten essential AA by supplementation over what was provided by the com 

source. Diets were also supplemented with a nUneral nUx (Table 3.3) and a vUamin nUx 

(Table 3.4). Depending on treatment, the AA being analyzed for was not supplemented 

and left deficient. All diets were nUxed in a Blakeslee bowl nUxer for ten minutes. Dry 

ingredients were added first and mixed five nUnutes, at which time the oil was added and 

mixed an addUional five minutes. Rats were weighed on days 0, 7 and 14. 

Digestibility calculation were determined by subtracting the fecal amount from the intake 

amount and dividing by the intake amount. 
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Samples of feed and feces were dried in an forced air oven at 55°C for 48 hours 

and dry matters calculated. Samples were then ground through a I mm screen for 

subsequent analysis. Orts were considered to be finely ground enough that separation 

would not occur, therefore nutrient content was considered to be the same as the original 

feed. Nitrogen content was determined by AOAC procedures (AOAC, 1996). Amino 

acid content of the feed and feces was detemUned by procedures outlined in the previous 

experiment. 

Data were analyzed as a completely randomized design utilizing a 4 x 3 factorial 

arrangements of treatments. Data from both experiments were analyzed together to allow 

for analysis of processing effects. Mean separation was conducted using Fishers protected 

LSD (Steele and Torrie, 1980). If interactions occurred the means were separated by 

hand or utUizing LS Means when apphcable. MuUiple regression analysis was conducted 

using maximum R. Variables included in the model were dry matter content (DM), 

nitrogen content (N) and AA content (AA) to predict AA digestibility. 

ResuUs and Discussion 

The data presented in Table 3.5 shows the differences in processing for all 

variables measured. Processing had an effect on all variables (P < .05). Average daily 

gain was higher (P < .05) for the unprocessed grain source as was dry matter digestibility 

and AA digestibility. Feed intake (g/d) and F:G (g/g) (7.37 and 4.09) were lower (P < 

.05) for the unprocessed grains than the processed grains (9.86 and 6.44, respectively) 
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Nitrogen digestibility was lower (P < .05) for the unprocessed grain when compared to 

processed grain source. 

Data presented in Table 3.6 represents differences in all variables when the effect 

of processing and hybrid were not considered. Differences are expressed within AA 

across hybrid and processing type For all treatments, ADG was higher (P < .05) for diets 

deficient m Met (2.71), followed by Thr then Lys. The rats in the Met treatments had 

higher FI (P < .05) when compared to the Thr and Lys treatments, which were not 

different. AU AA groups were different Ui F:G (P < .05) with Met deficient having the 

lowest or best efficiency followed by Thr deficient and then Lys deficient groups. 

However, DMD was lower for the Met treatments which were different (P < .05) from the 

other two AA groups. No differences were found for nitrogen digestion of the hybrids. 

Amino acid digestion was greatest for the Met deficient treatments and were different (P < 

.05) from the Thr deficient and Lys deficient treatments, which were also different from 

each other. The differences Ui hybrid AA digestion followed the same pattem as ADG and 

FI and would explain why the Met treatments performed greater. 

The data for the effect of com hybrid on ADG, FI, F:G, DMD, ND and AAD is 

presented in Table 3.7. These data are presented as differences within com hybrid across 

all AA and processmg types. Hybrid 4 had the greatest ADG and FI and was different (P 

< .05) from all other hybrids, which showed no difference. Feed efificiencv was the lowest 

for hybrid 4 and was also different from all remaining hybrids. No differences (P < 05) 

were found for dry matter digestibility, although hybrid 4 had the lowest DMD. Nitrogen 

digestibUity was highest for hybrid 2 and was different (P < .05) from all other hybrids 
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Hybrid 1 had the lowest ND and was not different (P > .05) from hybrid 3, but was 

different (P < .05) from hybrid 4. No difference was detected between hybids 3 and 4 for 

ND. Digestion of AA was greatest for hybrid 2 at 84.26% and was not different (P > .05) 

from hybrid 4 (83.27%). Hybrids 2 and 4 were different (P < .05) from hybrids I and 3, 

which were also different. 

Differences in variables measured for the effect of processing and com hybrid in 

Lys deficient diets are presented in Table 3.8-3.13. No interaction occured for ADG, FI 

and F:G, therefore the means were separated using the average of the processing types. 

Average daUy gam (Table 3.8) was again highest for hybrid 4 at 1.04 g/d and was only 

different (P < .05) from hybrid 2 which had the lowest ADG. Rats consuming hybrid 4 

had the greatest (P < .05) FI (Table 3.9) when compared to hybrids 2 and 3 which had the 

lowest intake. Differences (P < .05) Ui processing type for FI were observed for each 

hybrid. Feed efficiency (Table 3.10) was the best for hybrid 4 and was different (P < .05) 

from all remaining hybrids. Differences (P < .05) in processing type for F;G were 

observed for each hybrid. Due to processing by hybrid interaction for DMD, ND and 

AAD, means were separated within each processing type. The DMD (Table 3.11) was not 

different for both processing types, however, Hybrids 2 and 3 (hybrid 2, 91 93 and 

93.15%; hybrid 3, 91.47 and 92.85%, respectively) were different across processing type 

within hybrid. This would agree with Sullivan et al. (1989) who reported DMD of 89 to 

90% for feed and food grade com. This data would also agree with Lin et al. (1987) who 

showed total tract DMD to be 90.5% in growing pigs. In the case of ND (Table 3.12) and 

LD (Table 3.13) within the unprocessed group hybrid 2 (77.95% and 88.81%, 
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respectively) had the highest digestibility and was different (P < .05) from hybrid 3 

(74.09% and 85.26%, respectively). Data from Sullivan et al. (1987) and Lin et al (1989) 

reported LD at 74% and 77.5%, respectively. Hybrid 4 had the lowest LD and was also 

different from hybrid 3. Lysine digestibility within the processed group split into two 

groups of hybrids 1 and 3, and hybrids 2 and 4 (P < .05). Differences within hybrid across 

processing type were seen for hybrids 1, 2 and 3 for ND and hybrid 4 for LD. Tables 3.14 

-.3.19 represents the data for the effect of processing and com hybrid in Met deficient 

diets. No differences (P > .05) were found for ADG (Table 3.14), FI (Table 3.15) or F:G 

(Table 3.16) when the processing types were averaged due to no interaction. Differences 

(P < .05) were observed across processing type v t̂hin aU hybrids for ADG and FI. The 

unprocessed grain source in hybrid 1 was poorer in F:G when compared to the processed 

grain of hybrid 1 (P < .05). Hybrid 1 was highest (P < .05) in DMD (Table 3.17) and 

hybrid 2 the lowest for unprocessed grains. Processed grains had the highest (P < .05) 

DMD for hybrid 2 and was different from remaining hybrids. Hybrid 2 showed a 

processing effect for DMD (P < .05). Processing the grain before feeding changed the ND 

(Table 3.18) of hybrids 1 and 4 (P ,< .05). Hybrid 2 had the highest ND (86.64%) for 

processed grains and was different from hybrids I and 4 (82.01 and 83.99%, respectively). 

Nitrogen digestibility for growing swine has been reported at 80% and 85% by Lin et al. 

(1987) and Sullivan et al. (1989), respectively. However, Burgoon et al. (1992) reported 

that ND of feed grade com for pigs to be only 73%. Methionine digestibility (Table 3.19) 

was highest for hybrid 3 (90.60%) in the unprocessed and hybrid 2 (97.22%) for the 

processed. This is also in agreement wUh Lin et al. (1987) who reported MD at 87 7% for 
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the unprocessed grain. The processed gram MD is not in agreement Sullivan et al (1989) 

or De Lange et al. (1989). Hybrids 2 and 3 showed processing effect Thr deficient diet 

data is presented in Tables 3.20-25. No interactions occurred for ADG, FI or F:G, 

therefore means are separated on averages of processing types. As with the Lys and Met 

deficient treatment diets, hybrid 4 rats gained (Table 3.20) the greatest amount per day 

(1.82 g/d) and were different from the remaining hybrids (P < .05). Feed intake (Table 

3.21) varied only slightly with hybrid I consumption being the lowest and statistically 

dUferent (P < .05) from hybrid 4. All hybrids showed a processing effect for FI Hybrids 

2 and 3 were not different from either hybrid 1 or 4. Feed efficiency (Table 3.22) 

foUowed an inverse relationship to FI with hybrid 1 having the greatest F:G when 

compared to hybrid 4 which had the lowest (P < .05). Hybrids 2 and 4 were intermediate 

and not different (P > .05) from hybrids I and 4. Only hybrid 2 showed an effect of 

processing (P < .05). Feed efficiency and FI follow a typical pattem of the hybrid with the 

highest ADG had the largest FI and the lowest F:G. Means for DMD, ND and TD are 

separated within procesint type across hybrid due to interaction. Dry matter digestibility 

(Table 3.23) was the highest for hybrid 1 and was different from hybrid 4 (P < .05). 

Hybrids 3 and 4 were affected by processing (P < .05). Nitrogen digestibility (Table 3.24) 

was greatest for hybrid 2 and was also different from all remaining hybrids for 

unprocessed grains (P < .05). Processing affected hybrids 1 and 2 (P < .05). Hybrid 4 TD 

(Table 3.25) of 89.63% was highest (P < .05) and hybrid 2 the lowest (70.97%) for 

unprocessed grains. For processed grains hybrid 2 had the highest TD and was different 
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from hybrid 1 which was the lowest (P < 05). Proceesing the grain affected all hybrids (P 

< .05). 

Regression equations for unprocessed grain sources include: 

Lysine digestibility = 5922.2 - 81.1(DM) + 1296.6(N) - 806 2(AA) 
(R^=.33,P<.05) 

Methionine digestibility = -1318.2 + I6.67(DM) - 58.9(N) - I29.42(AA) 
(R^ = .83, P < .05) 

Threonine digestibility = -238.3 + 284.3(N) - 253.3(AA). 
(R^ = .74, P < .05) 

Regression equations for processed grain sources include: 

Lysine digestibility = 87.8-81.7(AA) (R^ = . 10, P < .05) 

Methionine digestibility = 31.8 + 24.0(N) + 258.0(AA) (R̂  = .55, P < .05) 

Threonine digestibility = 64.2 + 68.5(AA) (R^ = .57, P < .05). 

Implications 

Digestibility of Lys, Met and Thr is different for different com hybrids. The effect 

of processing will also play an important role in the availability of the limiting AA. Data 

indicated that processing had a great effect on the digestibility of Lys, Met, Thr, nitrogen 

and dry matter. Therefore, performance parameters were increased or decreased 

depending upon the processing type and hybrid. 

33 



LUerature Cited 

AOAC. 1996. Official Methods ofAnalysisofthe AOAC (16th ED.) Association of 
Official Analytical ChenUsts, Arlington , VA. 

Burgoon, K. G., J. A. Hansen, D. A. Knabe, and A. J. BockhoU. 1992. Nutritional value 
of quality protein maize for starter and finisher swine. J. Anim. Sci 70:811. 

De Lange, C. F. M., W. C. Sauer, and W. Souffrant. 1989 The effect of protein status of 
the pig on the recovery and AA composition of endogenous protein in digesta 
coUected from the distal ileum. J. Anim. Sci. 67:755. 

Lin, F. D., D. A. Knabe, and T. D. Tanksley, Jr. 1987. Apparent digestibility of amino 
acids, gross energy and starch in com, sorghum, wheat, barley, oat groats and 
wheat middlings for growing pigs. J. Anim. Sci. 64:1655. 

Linse, K. D., S. Smith and M. Gadush. 1996. Personal Communication. University of 
Texas. Austin, TX. 

Muscato, T. v., C. J. Sniffen, U. Krishnamoorthy and P. J. Van Soest. 1983. Amino acid 
content of nonceU and ceU waU fractions in feedstuffs. J. Dairy Sci. 66:2198. 

NRC. 1978. Nutrient RequUementsofLaboratory Animals (3rd Ed). National Academy 
Press, Washington, DC. 

Steele, R. G. D. and J. H. Torrie. 1980. Principles and Procedures of Statistics (2nd Ed). 
McGraw-Hill Book Co., New York, NY. 

Sullivan, J. S., D. A. Knabe, A. J. BockhoU, and E. J. Gregg. 1989. Nutritional value of 
quaUty protein maize and food com for starter and growth pigs. J. Anim. Sci. 
67:1285. 

34 



Table 3.1. ComposUion of com 
Item 
Dry matter,% 
Nitrogen,% 
Lysine,% 
Methionine,% 
ThreorUne,% 

Hybrid 1 
91.00 

1.33 
0.27 
0.21 
0.31 

hybrids. 
Hybrid 2 

91.00 
1.33 
0.30 
0.17 
0.31 

Hybrid 3 
91.00 

1.26 
0.29 
0.16 
0.33 

Hybrid 4 
91.00 

1.42 
0.34 
0.29 
0.37 
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Table 3.3. Composition of mineral mix' for experiments I and 2 
Item 
Calcium carbonate 
Potassium phosphate, monobasic 
Potassium citrate, H2O 
Sodium chloride 
Potassium sulfate 
Magnesium oxide 
Ferric citrate 
Zinc carbonate 
Manganous carbonate 
Cupric carbonate 
Potassium iodate 
Sodium selenate 
AmmorUum paramolybdate • 
Sodium metasiUcate • 9 H2O 
Chromium potassium sulfate 
Lithium chloride 
Boric acid 
Sodium fluoride 
Nickel carbonate 
AmmorUum vanadate 
Sucrose, finely powdered 

4H2O 

•I2H2O 

g/kg nUneral mix 
357.00 
196.00 
70.78 
74.00 
46.40 
24.00 

6.06 
1.65 
0.63 
0.30 
0.01 
0.01025 
0.00795 
1.45 
0.275 
0.0174 
0.0815 
0.0635 
0.0318 
0.0066 

221.026 
* Acquired from Dyets, Inc. Bethlehem, PA. 
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Table 3.4. ComposUion of vitamin mix* for experiments I and 2. 
Item g/kg vitamin mix 
Niacm 3.00 
Calcium pantothenate 1.60 
Pyridoxme HCl 0.70 
Thiamine HCl 0.60 
RiboflavUi 0.60 
FoUc acid 0.20 
Biotin 0.02 
Vitamin E acetate (500 lU/g) 15.00 
Vitamin Bi2 (.01%) 2.50 
Vitamin A paUnitate (500,000 lU/g) 0.8 
Vitamin D3 (400,000 lU/g) 0.25 
Vitamin Ki, dextrose mix (10 mg/g) 7.50 
Sucrose 967.23 
* AcquUed from Dyets, Inc. Bethlehem, PA. 
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Table 3.5. Effect of processed or unprocessed grain source on average daily gain, feed 
intake, feed efficiency, dry matter digestibiUty, nitrogen digestibility and amino acid 
digestibility of different com hybrids when fed to weanling rats. 
Item Unprocessed Processed SEM 
Average daily gain, g/d 
Feed intake, g/d 
Feed efficiency, g/g 
Dry matter digestibiUty,% 
NUrogen digestibUity,% 
Amino acid digestibiUty,%) 

1.80* 
7.37* 
4.09* 

92.78" 
84.99* 
82.60* 

1.53' 
9.86*' 
6.44'* 

91.88'' 
87.14'* 
80.73*' 

0.063 
0.144 
0.294 
0.084 
0.175 
0.558 

* Means within a row with different superscript differ (P < .05). 
SEM = Standard error of the mean 

Table 3.6. Effect of amino acid on average daily gain, feed intake, feed efficiency, dry 
matter digestibiUty, nitrogen digestibUity and hybrid amino acid digestibility of different 
com hybrids when fed to weanling rats. 
Item Lysine Methionine Threonine SEM 
Average daily gain, g/d 0.84* I T ? \AS^ 0.054 
Feed intake, g/d 7.73* 10.29' 7.82* 0.116 
Feed efficiency, g/g 9.20* 3.79' 5.39"= 0.366 
Dry matter digestibility,% 92.41* 91.95' 92.62* 0.132 
Nitrogen digestibility,% 86.21 86.05 85.92 0.259 
Amino acid digestibiUtY,% 77.03* 88.37' 7 9 . 6 ^ 0.506 
*'*' Means within a row with different superscripts differ (P < .05). 
SEM = Standard of the mean 
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Table 3.7 Effect of com hybrid on average daily gain, feed intake, feed efficiency, dry 
matter digestibUity, nitrogen digestibUity and amino acid digestibility of different com 
hybrids when fed to weanling rats. 

ilem Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 SEM 
Average daily gain, g/d 1.58* 1.57* 1.61* 1.90' 0.062 
Feed Uitake, g/d 8.47* 8.47* 8.55* 8.97' 0.134 
Feed efficiency, g/g 5.36* 5.39* 5.31* 4.72' 0.423 
Dry matter digestibility,% 92.49 92.42 92.21 92.17 0.153 
Nitrogen digestibiUty,% 85.14* 87.20' 85.94*' 85.98' 0.299 
AnUno acid digestibUity,% 77.89* 84.26' 81.25' 83.27' 0.585 

Means withm a row with different superscripts differ (P < .05). 
SEM = Standard error of the mean 

Table 3.8. Effect of processing and com hybrid on average daUy gain (g/d) of rats fed 
lysine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
0.69 
0.89 
0.79*' 

2 
0.73 
0.75 
0.74* 

Hybrid 
3 

0.82 
0.73 
0.78*' 

4 
1.09 
1.00 
1.04' 

SEM 
0.152 
0.152 
0.108 

Means within a row with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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Table 3.9. Effect of processing and com hybrid on feed intake (g/d) of rats fed Ivsine 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 
.k- . ° r-r-.— 

I 
9.06' 
6.635̂  
7.85*' 

Hybrid 
2 3 

8.42' 8.88' 
6.29^ 6.03^ 
7.36* 7.45* 

4 
9.84' 
6.68-
8.26' 

SEM 
0.329 
0.329 
0,233 

Means withUi a row with different superscripts dUfer (P < .05). 
'̂  Means withUi a column with different superscripts differ (P < 05). 
SEM = Standard error of the mean 
If no Uiteraction means separated usUig the average of processing types. 
If an Uiteraction occurs, means are separated within individual processing types. 

Table 3.10. Effect of processing and com hybrid on feed efficiency (g/g) of rats fed lysine 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
13.13'' 
7.45^ 
9.93* 

2 
11.53' 
8.38^ 
9.95* 

Hybrid 
3 

10.82' 
8.26^ 
9.59* 

4 
9.02' 
6.68^ 
7.94' 

SEM 
1.037 
1.037 
0.733 

Means within a row with different superscripts differ (P < .05). 
^ Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated usUig the average of processmg types. 
If an Uiteraction occurs, means are separated within individual processing types. 
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Table 3.11. Effect of processmg and com hybrid on dry maner digestibility (%) of lysme 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
92.19 
92.91 
92.55 

2 
91.93' 
93.15" 
92.54 

Hybrid 
3 

91.47' 
92.85^ 
92.16 

4 
92.12 
92,63 
92,37 

SEM 
0,374 
0.374 
0.2654 

'" Means withUi a column with different superscripts differ (P < 05) 
SEM = Standard error of the mean 

Table 3.12. Effect of processmg and com hybrid on nitrogen digestibility (%) of lysine 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
86.74*''' 
84.54" 
86.54 

Hybrid 
2 

88.81'-' 
85.47" 
87.14 

3 
85.26* 
85.78 
85.52 

4 
87.54''-' 
85.55-
86.55 

SEM 
0.734 
0.734 
0.519 

* Means within a row with different superscripts differ (P < .05). 
'" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no Uiteraction means separated using the average of processing types 
If an interaction occurs, means are separated wUhin individual processing types. 
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Table 3.13. Effect of processmg and com hybrid on lysine digestibility (%) of lysine 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
75.93*' 
75.62* 
75.77 

2 
77.95' 
81.15' 
79.55 

Hybrid 
3 

74.09* 
76.99* 
75.54 

4 
73.25*-' 
81.25''-
77.25 

SEM 
1.432 
1.432 
1.012 

Means withm a row with different superscripts differ (P < .05). 
'" Means withm a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an Uiteraction occurs, means are separated within individual processing types. 

Table 3.14. Effect of processing and com hybrid on average daily gain (g/d) of rats 
consunUng methiorUne deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
2.19' 
3.41" 
2.80 

2 
2.23' 
2.89" 
2.57 

Hybrid 
3 

2.15' 
3.14" 
2.65 

4 
2.37' 
3.30" 
2.83 

SEM 
0.152 
0.152 
0.108 

'" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
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Table 3.15. Effect of processmg and com hybrid on feed Uitake (g/d) of rats consunUng 
methionine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

I 
11.50' 
8.98" 

10.24 

2 
11.17' 
9.04" 

10.10 

Hybrid 
3 

11.07' 
9.55" 

10.31 

4 
11.62' 
9.37^ 

10.50 

SEM 
0.329 
0.329 
0233 

'̂  Means withm a colunm with different superscripts differ (P < ,05). 
SEM = Standard error of the mean 

Table 3.16. 
consuming 

Item 

Effect of processing and com hybrid ( 
methionine deficient diets. 

1 
Unprocessed 5.25' 
Processed 2 63" 
Average 3.65 

2 
5.01 
3.13 
3.93 

Hybrid 

on feed efficiency (g/g) of rats 

3 
5.15 
3.04 
3.89 

4 SEM 
4.90 1.037 
2.84 1.037 
3.71 0.733 

'" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 

44 



Table 3.17. Effect of processing and com hybrid on dry matter digestibihty (%) of 
methionine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
92.39' 
91.77' 
92.08 

Hybrid 
2 

91.09'-' 
93.30''" 
92.19 

3 
91.52" 
92.17* 
91.85 

4 
91,59" 
91,79* 
91.69 

SEM 
0,374 
0.374 
0.265 

Means withm a row with different superscripts differ (P < .05). 
'" Means within a colunm with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated usUig the average of processmg types. 
If an interaction occurs, means are separated within individual processing types. 

Table 3.18. Effect of processmg and com hybrid on nitrogen digestibility (%) of 
methionine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
88.11' 
82.01*'" 
85.06 

2 
87.90 
86.64' 
87.27 

Hybrid 
3 

87.42 
85.63'' 
86.52 

4 
86.74' 
83.99*-" 
85.36 

SEM 
0.734 
0.734 
0.519 

' Means v t̂hin a row with different superscripts differ (P < .05). 
*" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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Table 3.19. Effect of processing and com hybrid on methionine digestibility (%) of 
methionine deficient diets. 

Item 
Unprocessed 
Processed 
Average 
abc -K r •. 1 • 

1 
87.04" 
89.51* 
88.28 

Hybrid 
2 

89.60*'' 
97.22''" 
93.41 

3 
90.60*'' 
82.49''" 
86.55 

4 
84.72' 
85.75" 
85.24 

SEM 
1.432 
1,432 
1.012 

Means within a row with different superscripts differ (P < .05). 
'" Means within a column wUh different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 

Table 3.20. Effect of processing and com hybrid on average daily gain (g/d) of rats fed 
threonine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

I 
1.32 
0.97 
1.15* 

2 
1.35 
1.47 
1.41* 

Hybrid 
3 
1.52 
1.30 
1.41* 

4 
1.94 
1.70 
1.82' 

SEM 
0.152 
0.152 
0.108 

*' Means wUhin a row with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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Table 3.21. Effect of processmg and com hybrid on feed intake (g/d) of rats fed threonine 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
8.34' 
6.30" 
7.32* 

2 
9.36' 
6.51" 
7.94" 

Hybrid 
3 

9.23' 
6.54" 
7.88" 

4 
9.78' 
6.51" 
8.15' 

SEM 
0.329 
0.329 
0.233 

' Means within a row with different superscripts differ (P < .05). 
^ Means within a colunm with different superscripts differ (P < .05) 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an Uiteraction occurs, means are separated within individual processing types. 

Table 3.22. Effect of processmg and com hybrid on feed efficiency (g/g) of rats fed 
threonine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
6.32 
6.49 
6.36* 

2 
6.93' 
4.43" 
5.63" 

Hybrid 

1 

3 
6.07 
5.03 
5.59" 

4 
5.04 
3.83 
4.48' 

SEM 
1.037 
1.038 
0.733 

*' Means withm a row with dUFerent superscripts differ (P < .05). 
'" Means withm a column with dUFerent superscripts dUFer (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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Table 3.23. Effect of processing and com hybrid on dry matter digestibility (%) of 
threonine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
92.75* 
82.93 
92.84 

2 
92.07** 
92.99 
92.53 

Hybrid 

) 
3 

91.88*'-' 
93.39" 
92.63 

4 
91.52'-' 
93.43" 
92.47 

SEM 
0.374 
0.374 
0.265 

Means within a row with different superscripts differ (P < .05). 
'" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 

Table 3.24. Effect of processing and com hybrid on rUtrogen digestibility (%) of threorUne 
deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
85.79'-' 
83.65" 
84.72 

Hybrid 
2 

88.77'-' 
85.60" 
87.19 

3 
86.08* 
85.45 
85.76 

4 
86.48* 
85.55 
86.01 

SEM 
0.734 
0.734 
0.519 

'' Means within a row with different superscripts differ (P < .05). 
'" Means within a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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Table 3.25. Effect of processing and com hybrid on threonine digestibility (%) of 
threonine deficient diets. 

Item 
Unprocessed 
Processed 
Average 

1 
75.77*-' 
63.44''" 
69.61 

Hybrid 
2 

70.97'-' 
88.67''" 
79.82 

3 
79.22*-' 
84.14'-" 
81.68 

4 
89.63'-' 
8 5.02''-" 
87.33 

SEM 
1.432 
1.432 
1.012 

Means within a row with different superscripts differ (P < .05). 
^ Means withm a column with different superscripts differ (P < .05). 
SEM = Standard error of the mean 
If no interaction means separated using the average of processing types. 
If an interaction occurs, means are separated within individual processing types. 
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CHAPTER IV 

ESTIMATION OF RUMINAL LYSINE, METHIONINE AND 

THREONINE DIGESTION IN VITRO OF FOUR DIFFERENT CORN 

HYBRIDS WHEN EITHER STEAM-FLAKED OR UNPROCESSED 

Abstract 

In vitro techiUques were utilized on four different com hybrids which were grown 

under sinUlar agronomic conditions and sourced by Pioneer® Hi-Bred Intemational, Inc. 

Hybrids were eUher previously processed (steam-flaked) or unprocessed and ground to 

pass a 1 mm screen. Hybrids were analyzed for dry matter digestibility (DMD), nitrogen 

digestibility (ND) and digestibility of lysine, methiorUne and threorUne corrected for 

nUcrobial protein synthesis by analysis of dianUnopimeUc acid (DAP). Dry matter 

digestibility increased from 4 to 16 hours of digestion for both processed and unprocessed 

sources of grain (49.28 to 66.26% and 48.11 to 65.70%, respectively). Starch digestibility 

at 4 and 8 hours of incubation were higher (P < .05) for the steam-flaked grain (87.81 and 

89.15%, respectively) when compared to the unprocessed grain at the same incubation 

times (85.64 and 85.87%). Research by Wester et al. (1992) on grain sorghum and Waldo 

(1973) on com reported starch digestion of 85% and 78%, respectively. Lysine digestion 

was greatest (P < .05) for the unprocessed grain at 4, 8 and 16 hours (68.73, 68.80 and 

72.50%, respectively) of incubation. The processed grain was extremely lower at 43.52, 

55.17 and 61.66% for the same incubation times. This decrease in digestion is probably 

due to the effect of heating the grain in the steam cabinet prior to flaking. Methionine 

50 



digestibUity followed a similar pattem as LD with the unprocessed grains having higher 

MD and bemg different (P < .05) from the steam-flaked hybrids. Threonine digestibility 

was considerably lower than that of lysine or methionine. Incubation for 4 hours resulted 

Ul hybrid 1 having the highest DMD (49.62%) and Hybrid 4 being the lowest in DMD (P 

< .05). Hybrid 3 had the highest DMD at 8 h and was not dUFerent (P > .05) from hybrids 

1 and 2. Hybrid 3 (59.23%) was different (P < .05) from hybrid 4 (54.68%) which was 

the lowest for that time period. No differences were found between all hybrids at 16 

hours of digestion. Starch digestibUity at 4, 8 and 16 hours was the lowest for hybrid 4. 

Nitrogen digestion was not different at 4 or 8 hours between all hybrids (P > .05). Hybrid 

4 (74.68%) was the lowest Ui ND and was only different (P < .05) from hybrid 3 

(81.87%), which was the highest at 16 hours. When AAD is taken into account, U is 

reaUzed that hybrid 4 is higher in LD, MD and TD at 4 hours of incubation. It is also 

recognized that the digestibiUty of lysine and methionine is considerably higher than that of 

threonine. 

Introduction 

The influence ofmmen microbes on anUno acid digestion and quantitation has 

been researched and discussed for many decades. Formulating diets for cattle based on 

amino acid basis can not be done without making many assumptions, none of which are 

realized to be tme. The requirements of actual amounts of amino acids for beef cattle 

have not been derived from research and are regarded as the largest assumption. Other 

assumptions include the amino acid digestibility of feeds and the microbial effect on these 
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feeds. In vitro techniques can be utUized to discover the amino acid digestion and 

estUnate the effect of the mmen nUcrobes on the degradation. 

Experimental Procedures 

Four com hybrids which were grown under similar agrononUc conditions were 

utilized in this study to determine the nutrient digestibility of the hybrids. More 

specificaUy the hybrids were analyzed for their differences Ui dry matter digestibility, 

nitrogen digestibiUty, starch digestibility and digestibility of lysme, methionine and 

threonine when either unprocessed or steam flaked. 

Grain was processed utilizing a pUot steam-flaking urUt (Ferrel-Ross, Model # 18 x 

12 HYD, Oklahoma City, OK), which was located at the Livestock Operations FeedmiU, 

New Deal, TX. The steam chest had a one-time capacity of 33.98 kg of grain and was 

25.5 cm in diameter and 2.4 m Ui length with 4 steam Unes spaced 0.6 m apart which 

spaimed the total length of the steam chamber. The cooked grain was moved to the rolls 

by a variable speed drive magnetic feeder (Syntron magnetic feeder. Model # BF2AFMC., 

PhUadelphia, PA). The flakUig unit was equipped with two 12" x 18" rolls with 14 

cormgations per inch m a Stevens cut. 

Exactly 22.72 kg (50,0 lb.) of grain was weighed into 189.2 1 metal barrels and 

used for steam-flaking. All grains were tempered with Myco-Flake (Kemin Industries, 

Inc., Des MoUies, lA) at a rate of 0.19 nU/kg (6 oz/ton) and water for approximately 24 h 

to an intemal moisture of 18.5%). The test grain was manually poured into the steam 

cabinet and steam was aUowed to enter by openUig the four valves of the steam lines, 
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Steam was monitored to ensure that 25 psi of steam was maintained on the steam line at 

all tUnes. Grain was then steamed for 30 minutes once the intemal cabinet temperature, 

reached 100°C (205°F). 

Samples of the steam flaked and unprocessed grains were ground to pass a 1 mm 

screen and utUized for in vitro digestibihty (disappearance of nutrients as related to 

solubUity). Dry matter digestibUity was detemUned utUUdng the first stage of the two 

stage TiUey-Terry procedure (Harris, 1970). The first stage was conducted utilizing a 1.0 

g sample that was placed Ui a 100 ml /« vitro tube. Rumen fluid was collected via a steer 

that was fitted with a mminal cannula and being fed a high concentrate diet. Rumen fluid 

was strained through four layers of cheese cloth to remove all feed particles and buffered 

using McDougals Artificial Saliva. The straUied mmen fluid and buffer were combined 

into a solution which contamed 30 parts mmen fluid to 70 parts buffer. Fifty ml of the 

inoculum solution were added to the in vitro tube and all O2 was displaced with CO2 to 

maintain an anaerobic environment. The tubes were then placed in a 39 °C waterbath for 

the exact time of incubation. The samples were incubated for 4, 8 and 16 h After 

incubation time ended the tubes were removed and frozen to stop all digestion. Samples 

were then thawed and centrifuged to separate liquid from particulate matter. The Uquid 

portion was then decanted from the particulate pellet and discarded. The residue was then 

dried in the tube and collected for determination of nitrogen and amino acid content. 

Diaminopimelic acid (DAP) was used to quantify the amount of nUcrobial protein in the 

residue. NUrogen and anUno acid digestibUUies were corrected for nUcrobial protein using 

the DAP resuUs. Nitrogen content was analyzed utUizing standard AOAC methodology 
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(AOAC, 1996). Amino acid content of the feed and feces was detemUned by procedures 

outlined by Linse et al. (1996). Two mgs of sample were weighed and placed in 20-ml 

glass tubes. To each tube was added 300 pi of 6 N HCl, with .05% phenol (wtvol) and 

1% thioglycoUc acid (vohvol). Tube tops were then heated and extended using an 

oxyacetylene flame to create a neck in the tube. Tubes were then cooled in the freezer for 

approximately ten minutes to prevent the Uquid from "bumping" out of the tube when a 

vacuum was appUed to them. After total evacuation of oxygen, the tubes were heat sealed 

and incubated for 20 h at 1 lÔ 'C. Tubes were aUowed to cool before being etched and 

opened usUig a white hot glass rod. The tube rim was then glazed to smooth the edges 

and cooled. Parafilm® was then placed over the top of the tube and holes were then 

punched into the cover. The Uquid was evaporated to dryness using a dessicator under 

vacuum. Ethylenediaminetetraacetic acid [EDTA] and water were then added to the dry 

residue at which time the tubes were vortexed to resuspend the residue. After 

resuspension, the solvent was filtered through a .2-p fiUer with centrifugation to remove 

the particulates. The hydrolysate was then analyzed using a 420A hydrolyzer and 

derivatizer utilizing a PITC-amino acid precolumn derivatization reaction on-line with a 

130A HPLC analyzer system and a 920A data collection system (Perkin-Elmer Aplied 

Biosystems Division, Foster City, CA). Free amino acids were spotted onto a derivatizer 

fritt disk and were converted to phenyUhiocarbamyl (PTC)-amino acids The resuUing 

derivatized amino acids were separated using on-line high performance Uquid 

chromatography (HPLC) equipped with a UV-detector. The column used was a 2.1 x 50 

mm ODS reversed phase PTC column. Flow rate was 300 pl/min with a column temp of 
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3rC. Solvents used were A: 75 mM sodium acetate (pH 5.58) containing 2.5% 

acetonitrile and B; 70%) v/v acetonitrile/water (uUrapure) with 32 mM sodium acetate at 

pH 6.2 in sequential order. Percent amino acid content was calculated from the total mass 

of amino acids recovered. Total mass recovered multiplied by the dilution factor resulted 

in total ug of amino acids Ui the sample. The total pg were then multiplied by the mole 

percent of the desired anUno acid resuUing in the amount of that specific amino acid in the 

sample. The amount of a particular amino acid was then divided by the sample weight 

(pg) to calculate the percent of the amino acid. 

Starch digestibUity was determined by analyzing the residue for total starch (Karr 

et al. 1987). Total starch was determined by enzymatic degradation and subsequent 

analysis of liberated glucose through a semi-automatic glucose analyzer (YSI model 27 

industrial analyzer, YeUow Springs Instmment Co., YeUow Springs, OH). A 0.1-g sample 

was placed Ui a 20-ml screw top test tube. Two nU of a 25% CaCl2 solution was added to 

precipitate the protein. Samples were then autoclaved at 121 °C for 1 h to ensure that the 

starch was completely gelatinized. The samples were then allowed to cool for 30 min at 

which time 8 ml of a 0.1%) w/v glucoamylase enzyme solution (50 active units), which was 

buffered to a pH of 4.7 by the addUion of acetic acid and sodium acetate, was added to the 

tube. The sample was then Uicubated in a water bath at 60 °C for 4 h. Samples were 

vortexed every hour. Samples were removed from the water bath and centrifuged at 7000 

X g for 10 nUn. One ml of supematant was removed and diluted by a factor often for later 

analysis of glucose. A 25 pi aliquot was then injected into the autoanalyzer. The 

foUowdng reactions occur through the glucose sensitive membrane: 
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1. Starch + H2O —glucoamylase > D-glucose 

2. D-glucose + O2 —glucose oxidase > H2O2 + glucono-lactone 

3 H2O2 > 2 i r + 02 + 2e-

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

muUipUed 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. Percentage total starch is mg/dl of glucose 

muUipUed by the conversion factor divided by dry sample weight. 

A completely randomized design with a 4 x 2 factorial arrangement of treatments 

was UtUized for statistical analysis. Means were separated by use of Fishers Protected 

Least SigrUficant Difference when interactions did not occur. If interactions occurred, the 

means were separated either by hand calculation or by use of LS Means, MuUiple 

regression analysis was conducted using maximum R. Variables included in the model 

were dry matter content (DM), rUtrogen content (N), starch content (S) and amino acid 

(AA) content to predict amino acid digestibUity. 

ResuUs and Discussion 

The effect of processing upon in vitro digestibilUy is presented in Table 4.1. Data 

represents the observations of three replications across all hybrids. Dry matter digestibility 

increased from 4 to 16 hours of digestion for both processed and unprocessed sources of 

grain (49.28 to 66.26% and 48.11 to 65.70%, respectively). No dUFerences (P > .05) 

were detected between processing types at all hours of incubation. Starch digestibility at 4 
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and 8 hours of incubation were higher (P < .05) for the steam-flaked grain (87 81 and 

89.15%), respectively) when compared to the unprocessed grain at the same incubation 

tunes (85.64 and 85.87%). At 16 hours, no differences were detected between processing 

treatments. Research by Wester et al. (1992) on grain sorghum and Waldo (1973) on 

com reported starch digestion of 85% and 78%, respectively. Waldo (1973) fiirther 

comments that the effect of steam-flaking increased the starch digestion of com and made 

U comparable to that of barley. However, Galyean et al (1981) reported that the in situ 

digestion of starch was considerably lower at 4 and 8 hours of digestion (33 6 and 46.6%, 

respectively). It should be considered that the in situ digestion of feedstuffs will be 

decreased as when compared to the digestion in vitro (Mosienyane, 1976). 

Nitrogen digestion was not different (P > .05) at 4 and 16 hours, with the steam-

flaked source of grain being greater. The processed grain (62.86%) was higher (P < .05) 

in nitrogen digestion at 8 hours when compared to the unprocessed grain (59.66%). This 

is Ul agreement with Schake et al. (1976) who reported similar nitrogen digestibiUty. 

Amino acid availability was different for all three AA at all hours of incubation, 

except for threonine digestion at 4 hours. Lysine digestion was greatest (P < .05) for the 

unprocessed grain at 4, 8 and 16 hours (68.73, 68.80 and 72.50%, respectively) of 

incubation. The processed grain was extremely lower at 43.52, 55.17 and 61,66% for the 

same incubation times. This decrease in digestion is probably due to the effect of heating 

the grain in the steam cabinet prior to flaking. Methionine digestibilUy followed a sinUlar 

pattem as LD with the unprocessed grains having higher MD and being different (P < .05) 

from the steam-flaked hybrids. 
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Threonine digestibUity was considerably lower than that of lysine or methionine 

No differences (P > .05) were discovered at 4 hours of incubation between the processed 

and unprocessed grains. The unprocessed grains were higher in digestibility at 8 and 16 

hours (34.63 and 43.14%) and were different (P < .05) from the steam-flaked grain source 

(22.31 and 34.76%). 

The difference in in vitro digestibility of com hybrids is shown in Table 4.2. This 

data does not account for processmg differences. The effect of com hybrid on DMD 

shows a typical pattem with digestion increasing as incubation time increases. Incubation 

for 4 hours resulted Ui hybrid 1 having the highest DMD (49.62%) and Hybrid 4 being the 

lowest in DMD (P < .05). Hybrid 1 was not different from hybrids 2 or 3. Hybrid 4 

(46.39%) was also not different from hybrid 3, but was different (P < .05) from hybrid 2. 

Hybrid 3 had the highest DMD at 8 h and was not different (P > .05) from hybrids 1 and 

2. Hybrid 3 (59.23%) was different (P < .05) from hybrid 4 (54.68%) which was the 

lowest for that time period. No differences were found between all hybrids at 16 hours of 

digestion. 

Starch digestibUity at 4, 8 and 16 hours was the lowest for hybrid 4. At 4 hours 

hybrid 4 was different (P < .05) from all hybrids, which were not different from each 

other. Hybrid 3 had the greatest SD at 89.11% and was different (P < .05) from all 

hybrids. This data is in agreement of Waldo (1973) who reported SD of 78% ± 12.5 upon 

reviewing over 30 research trials. Hybrids 1 and 2 were similar and hybrid 1 was not 

different from 4. At 16 hours hybrid 2 was highest and was only different (P < .05) from 

hybrid 4. Nitrogen digestion was not different at 4 or 8 hours between aU hybrids (P > 
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.05). Hybrid 4 (74.68%) was the lowest in ND and was only dUFerent (P < ,05) from 

hybrid 3 (81.87%), which was the highest at 16 hours Hybrids 1 and 2 were very similar 

and not different from remaining hybrids. 

When AAD is taken into account, U is realized that hybrid 4 is higher in LD, MD 

and TD at 4 hours of Uicubation. It is also recognized that the digestibility of lysine and 

methionme is considerably higher than that of threonine Lysine digestibilit\ at 4 hours is 

different (P < .05) for aU hybrids with hybrid 4 is also the greatest at 8 and 16 hours and is 

different (P < .05) than both hybrids 2 and 3. Hybrid I is not different from hybrid 4, 

Methionine digestibUity at 4 hours is similar to LD at 8 hours in that hybrids 1 and 4 are 

not different, but hybrids 2 and 3 are different (P < .05) from each other and from hybrids 

1 and 4. At 8 hours of Uicubation, MD is the greatest for hybrid 1 (76.55%) followed by 

hybrid 4 (75.79%). Hybrid 1 is different from hybrids 2 and 3, but not 4. The same 

pattem of difference between hybrids was found for 16 hours of Uicubation as the 8 hour 

tUne period. Threonine digestibUity at 4 and 8 hours places hybrid 4 (21.42 and 32.54%) 

as the greatest in TD and is only dUFerent (P < .05) from hybrid 2 (13,37 and 24.70%), 

Hybrid 1 had the greatest TD at 16 hours and was different from hybrids 2 and 3. but not 

4, The data for all amino acids is Ui agreement with Tamminga (1979) through 4 hours of 

incubation 

Table 4.3 contains data for both processing type and com hybrid. The data is 

compared within processing type across hybrid and within hybrid across processing type. 

A great amount of similarities occur from this table and the previous tables. Dry matter 

digestibUity increases as time increases for both processing types and all four hybrids, 
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ThreonUie digestibUity is also lower for processes when compared to LD and .MD The 

unprocessed grains also contain a higher AAD than the processed grain. 

Differences in DMD resuUed within hybrid for hybrids 2, 3 and 4 at 4 hours of 

incubation between processmg types. Hybrid 2 had the lowest DMD in the unprocessed 

group and was different (P < .05) from all other hybrids. The opposite occurred for the 

processed group with hybrid having the highest (P < .05) DMD when compared to the 

other hybrids. At 8 and 16 hours, hybrid 3 was the highest (61.65 and 68.72° o) in DMD 

for the unprocessed group and was different (P < .05) from all remaining hybrids. 

Processing effect on the hybrids once agaUi resulted Ui hybrid 2 having the highest DM at 

8 and 16 hours of Uicubation. Differences (P < >05) within hybrid across processing type 

were evident for hybrids 3 and 4 at 8 hours of incubation, and hybrids 2 and 4 at 16 hours 

Starch digestibiUty at 4 hours of digestion for unprocessed grain resulted in hybrids 

2 and 4 being higher (P < .05) than hybrids 1 and 3. The processed grain source SD was 

highest for hybrid 2 which was different (P < .05) from hybrids 3 and 4, but not 1. Only 

sUght changes in hybrid differences occurred for 8 and 16 hours of digestion Data for SD 

at 8 hours is in agreement with Ladely et al. (1995) who reported starch disappearance of 

11.0% per hour. Hybrids 2 and showed processing differences at 4 hours of incubation. 

Hybrids 1, 2 and 4 were different (P < .05) within hybrid after 8 hours and only hybrid 3 

showed a processmg difference (P < .05) at 16 hours. The high values for starch digestion 

after 4 hours and the decUne thereafter, is in agreement with Galyean et al. (1981) who 

reported that starch disappearance in com, in situ, consisted of a rapidly (< 2 h) degraded 

fraction, after which starch disappeared at a slower rate. NUrogen digestibility was 
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different (P < .05) withm hybrid at 4 hours of incubation for hybrids I and 2 Only hybrid 

1 was different (P < .05) at 8 hours and hybrids 2 and 4 were different (P < 05) within 

hybrid after 16 hours. Hybrid 2 had the highest ND at 4 and 8 hours (56.04 and 61 98%) 

and was different (P < .05) from hybrid 1 (39.55 and 56.09%). Again, the lowest hybrid 

for the unprocessed gram (hybrid 1) was the highest for the processed grain type Hybrid 

3 ND (82.20%)) was the greatest and was different (P < .05) from hybrids 1 and 2 at 16 

hours for unprocessed grain. 

For all amino acids m the improcessed group at 4 hours of incubation, hybrid 4 

was highest (P < .05) Ui LD, MD and TD for both steam-flaked and unprocessed grain 

sources. For LD and TD hybrid 4 was highest at 8 hours and was different from hybrid 2 

(P < .05). Hybrid 4 was also the greatest Ui LD at 16 horns for the processed grain and 

was different (P < .05) from hybrids 2 and 3. Lysine digestibiUty within hybrid across 

processing type occurred for aU hybrids at 4 hours of incubation. Hybrids 2 and 3 were 

different (P < .05) at 8 hours and the first three hybrids were different (P < .05) at 16 

hours for LD. 

Methionme digestibiUty at 8 hours resuUed in hybrid 2 (67.21%) having the lowest 

MD and was different (P < .05) from remaining hybrids. Hybrid 4 was the highest at 8 

hours for the steam-flaked grain and was different from hybrids 2 and 3. Processing the 

grain changed the order of digestion and resuUed in hybrid 1 having the highest MD. All 

hybrids were different within hybrid for MD (P < .05) at 4 hours of digestion. Threonine 

digestion of unprocessed grain was highest for hybrid 4 and was different from hybrid 2 at 

4 and 8 hours. At 16 hours, hybrid 2 was the lowest and was different (P < 05) from 
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remaUUng hybrids. Hybrid I was the highest for the processed grains and was different 

from hybrids 2 and 3 at 16 hours. WUhm hybrid differences (P < .05) were apparent for 

hybrid 4 at 4 hours, hybrids 3 and 4 at 8 hours and hybrids 1 and 3 at 16 hours of 

Uicubation. 

Regression equations for unprocessed grain sources include: 

LysUie digestibUity = 99.91 - 81.56(N) + 271.59(AA) 
(R^=.83,P<.05) 

Methionme digestibility = 1299.92 + 378.5I(N) - 20.31(S) - 3I0.I7(AA) 
(R^=.71,P<.05) 

Threonine digestibUity = Unable to predict. (P > .05). 

Regression equations for processed gram sources include: 

Lysme digestibility = 211.12 - 196.30(N) + 375.37(AA) (R̂  = .73, P < .05) 

Methionme digestibUity = 82.09 - 49.31(AA) (R̂  = .38, P < .05) 

Threonine digestibUity = Unable to predict (P > .05). 

ImpUcations 

The data presented suggests that processing has an effect on all variables Steam-

flaking the gram mcreased digestion of starch and decreased the digestion of the amino 

acids when compared to unprocessed grains. Hybrid also affected the digestion of starch, 

dry matter, nitrogen, lysine, methionine and threonine. The digestion of lysine and 

methionme is considerably higher than threonine digestibUty. The use of this data will help 

to better understand the role of the mmen on amino acid digestion and will serve to 

benefit the nutritionist when formulating diets. 
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Table 4.1. Effect of processing on dry matter digestibility, starch digestibiUty, nitrogen 

Item 
Dry matter digestibiUty,%) 
4h 
8h 
16 h 
Starch digestibUity,% 
4h 
8h 
16 h 
NUrogen digestibUity,%) 
4h 
8h 
16 h 
LysUie digestibUity,% 
4h 
8h 
16 h 
Methionine digestibUity,% 
4h 
8h 
16 h 
Threonine digestibility,% 
4h 
8h 
16 h 

Unprocessed 

49.28 
56.53 
66.26 

85.64* 
85.37* 
88.99 

48.75 
59.66* 
77.78 

68.73* 
68.80* 
72.50* 

73.27* 
74.06* 
80.44* 

18.95 
34.63* 
43.14* 

Processed 

48.11 
58.03 
65.70 

87.81' 
89.15' 
89.80 

49.25 
62.86' 
78.45 

43.52' 
55.77' 
61.66' 

56.07' 
68.58' 
71.86' 

15.56 
22.31' 
34.76' 

SEM 

0.903 
0.761 
0.637 

0.472 
0.543 
0.313 

1.283 
0.787 
0.958 

4.117 
2.274 
1.885 

3.648 
1.377 
1.353 

1.172 
2.008 
2.073 

' Means within a row wUh different superscripts differ (P < .05). 
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Table 4.2. Effect of com hybrid on dry matter digestibility, starch digestibility, nitrogen 
digestibility, lysine digestibility, methionine digestibility and threonine digestibility of 
different com hybrids when digested Ui vitro. 
item Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 SEM 
Dry matter digestibUity,% 
4 h 
8 h 
16 h 
Starch digestibUity,%) 
4 h 
8 h 
16 h 
NUrogen digestibUity,%) 
4 h 
8 h 
16 h 
Lysme digestibUity,% 
4 h 
8 h 
16 h 
Methionine digestibUity,% 
4 h 
8 h 
16 h 
Threonine digestibiUty,% 
4 h 
8 h 
16 h 

49.62* 
56.17" 
64.22 

88.11* 
86.36'' 
89.16" 

45.98 
60.31 
77.07' 

63.76' 
68.37* 
70.65" 

72.50* 
76.55* 
80.30* 

17.00" 
25.54" 
47.51* 

49.60* 
59.15* 
66.41 

86.93* 
87.66' 
89.77* 

50.43 
61.36 
78.83" 

50.09' 
51.65' 
57.26' 

64.97' 
66.81' 
71.07' 

13.37' 
24.70' 
29.27' 

49.15" 
59.23* 
66.92 

87.43* 
89.11* 
88.60" 

50.09 
61.69 
81.87* 

40.80^ 
60.83' 
67.31' 

46.42' 
69.11' ' 
75.24'' 

17.24" 
31.10" 
37.59' 

46.39' 
54.68' 
66.37 

84.43' 
85.91' 
88.06' 

49.50 
61.69 
74.68' 

69.85* 
70.29* 
73.11* 

74.81* 
75.79" 
77.99" 

21.42* 
32.54* 
41.44" 

0.903 
0.761 
0.637 

0.472 
0.543 
0.313 

1.283 
0.787 
0.958 

4.117 
2.274 
1.885 

3.648 
1.377 
1.353 

1.172 
2.008 
2.073 

* Means within a row with different superscripts differ (P < .05). 

65 



Table 4.3. Effect of processing and com hybrid on dry matter digestibUity, starch 
digestibUity, nitrogen digestibUity, lysine digestibility, methionine digestibility and 
threonUie digestibility of different com hybrids when digested in vitro. 

Item Unprocessed Processed 
Hybrid SEM 
DMD,%) 
4h 
8h 
16 h 
SD,% 
4 h 
8h 
16 h 
ND,% 
4 h 
8h 
16 h 
LD,% 
4 h 
8h 
16 h 
MD,% 
4 h 
8h 
16h 
TD,% 
4h 
8h 
16 h 

49.90*' 

54.77'* 

63.40" 

87.96'' 

83.20*'-̂  

88.30 

39.55''''' 

56.09*'-'' 

75.73" 

69.73"-" 

71.72" 

74.26"-" 

73.77"'' 

77.08" 

85.10"-" 

16.83" 

27.81" 

52.58"-" 

44.69"-" 

57.21" 

64.36"-" 

84.24"-" 

85.28"-" 

89.30 

56.04"-" 

61.98" 

75.52"-" 

63.14"-" 

58.66'''" 

64.38''-" 

68.68"-" 

67.21'' 

72.69'' 

14.53" 

27.30" 

29.26'' 

51.78''-" 

61.65*=-" 

68.72'' 

87.22'' 

88.29' 

89.90" 

50.00" 

61.27" 

82.20'' 

68.78"''-" 

72.74"-" 

76.01"-" 

72.25"-" 

78.47"-" 

81.94"-" 

18.47"'' 

38.30''-" 

46.68"-" 

50.75''-" 

52.48''-" 

68.58''-" 

83.11"-" 

84.72"''-" 

88.47 

49.41" 

59.31"'' 

77.65"''-" 

73.28"-" 

73.07" 

75.36" 

78.40*'-" 

78.46" 

82.01"-" 

25.97''-" 

45.09*'" 

44.04" 

49.34'' 

57.56"'' 

65.05"'' 

88.25"-' 

89.53"'y 

90.01" 

52.40''-" 

64.53^ 

78.40" 

57.80''-^ 

65.03" 
67.05"-^ 

71.22" 

76.02" 

75.49"-^ 

17.16 

23.26 

42.42"-" 

54.52"-^ 

61.08" 

68.46"-y 

89.61"-y 

90.04"-^ 

90.24" 

44.82"-" 

60.73 

82.14"-^ 

37.04"-^ 

44.63*'-̂  

50.13''-^ 

61.26''-^ 

66.42'' 

69.44'' 

12.21 

22.10 

29.28*' 

46.53'''^ 

56.82*'-

65.13"*" 

87.65' 

89.92" 

87.30*"'" 

50.19" 

62.11 

81.53" 

12.81'*'̂  

48.92*''̂  

58.61'-^ 

20.58'-^ 

59.75'-^ 

68.53'''^ 

16.01 

23.90^ 

28.50*'-y 

42.04'-'' 

56.88*'-y 

64.17*'^ 

85.75*'-̂  

87.09*'" 

87.64*' 

49.58" 

64.08 

71.71*''̂  

66.43'-^ 

64.50" 

70.86" 

71.22"-'' 

72.11" 

73.%"*'-'' 

16.86^ 

19.98'' 

38.84" 

0.903 

0.761 

0.637 

0.472 

0.543 

0.313 

1.283 

0.787 

0.958 

4.117 

2.274 

1.885 

3.648 

1.377 

1.353 

1.172 

2.008 

2.073 
abed Means within a row within processing type with different superscripts differ (P < .05). 
'" Means within a row within hybrid with different superscripts differ (P < .05). 
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CHAPTER V 

TOTAL TRACT DIGESTION OF STARCH, NITROGEN, LYSINE, 

METHIONINE AND THREONINE OF DIFFERENT STEAM-FLAKED 

CORN HYBRIDS WHEN FED TO BEEF CATTLE 

Abstract 

Four crossbred steers (avg 318 kg) were utiUzed in a 4 x 4 Latin Square design to 

detemUne the lysme digestibiUty (LD), methionine digestibUity (MD), threonine 

digestibUity (TD), starch digestibUity (SD), nitrogen retention (NR), and dry matter 

digestibUity (DMD) of four different steam-flaked com hybrids. The steers were housed 

individuaUy in metaboUsm crates in an environmentally controUed buildUig. Total 

coUection of feed, feces, urine and orts occurred to determine the digestibilities and NR. 

The trial consisted of four periods, with a nine-day adaptation period followed by a five-

day coUection period. No differences (P < .05) were found for any of the variables 

measured. Dry matter digestibUity (Figure 5.1) was fairly consistent across all hybrids of 

com ranging from 77.03 to 79.70%. Hybrid 2 (38.98 g/d) nitrogen was retained (Figure 

5.2) in the greatest amount, whereas hybrid 1 retention was the least (29 41 g/d). Starch 

digestibUity (Figure 5.3) foUowed a sinUlar pattem as DMD with hybrid 1 (93.46%) being 

the highest and hybid 3 (92.70%) being the lowest. All hybrids were similar in SD ranging 

from 92.70 to 93.46%. The digestibiUty of Lys (Figure 5.4), Met (Figure 5.5) and Thr 

(Figure 5.6) was the lowest for hybrid 2 m all cases. Hybrid 3 had the highest LD 

(69.90%)) and was quUe similar to hybrids 1 and 4 (66.09 and 67.23%, respectively). 
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Methionme digestibiUty spUts into three levels, with hybrid 1 being the highest at 78.33% 

and hybrid 2 (61.84%) being the lowest in MD. Threonine digestibUity ranges from 64 58 

(hybrid 3) to 41.59% (hybrid 2) with hybrid 1 being very similar to hybrid 3. 

Introduction 

Grain processing is very common in the feedlots of the High Plains Moreover, the 

effect that steam-fiaking wiU have on the digestion of AA, starch and dry matter is of great 

interest. The appUcation of formulating diets on the basis of AA has been eluded to in the 

past and remains a focal point of many researchers. However, the existence of a database 

of AA digestion for many common feeds remains scarce. The purpose of this experiment 

will be to determine the total tract AA digestion of four commercially grown com hybrids. 

Experimental Procedures 

Four crossbred steers were utilized in a 4 x 4 Latin Square design to determine the 

LD, MD, TD, SD, NR and DMD of four different steam-flaked com hybrids. Grain was 

processed utilizing a pUot steam-flaking unit (Ferrel-Ross, Model # 18 x 12 HYD, 

Oklahoma City, OK), which was located at the aTexas Tech University Livestock 

Operations Feedmill, New Deal, TX. The steam chest had a one-time capacity of 33.98 

kg of grain and was 25.5 cm in diameter and 2.4 m in length with 4 steam Unes spaced 0.6 

m apart which spanned the total length of the steam chamber. The cooked grain was 

moved to the roUs by a variable speed drive magnetic feeder (Syntron magnetic feeder. 
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Model # BF2AFMC., Philadelphia, PA). The flakUig unit was equipped with two 12" x 

18" roUs with 14 cormgations per inch in a Stevens cut. 

Exactly 22.72 kg (50,0 lb.) of grain was weighed into 189.2 1 metal barrels and 

used for steam-flaking. All grains were tempered wUh Myco-Flake (KenUn Industries, 

Inc., Des Moines, lA) at a rate of 0.19 ml/kg (6 oz/ton) and water for approximately 24 h 

to an intemal moisture of 18.5%. The test grain was manually poured into the steam 

cabinet and steam was allowed to enter by opening the four valves of the steam lines. 

Steam was monitored to ensure that 25 psi of steam was maintained on the steam line at 

all times. Grain was then steamed for 30 minutes once the intemal cabinet temperature, 

reached 100°C (205°F). 

After the com was flaked U was dried to prevent the total diet from spoiling. Diets 

were formulated to be isonitrogenous using the com hybrid, urea and soy protein (NRC, 

1984). The diets (Table 5.1) were then mixed using the automated batching system at the 

Texas Tech Feedlot Bumett Center. All ingredients except for the com, soy protein 

isolate, ammonium chloride and the com oil were weighed by the batching system. The 

other ingredients were weighed by hand and hand added to the mixer. Once mixed the 

feed was delivered by flat beU to a down spout where U was coUected for transport to the 

metaboUsm bam. 

The steers were housed individually in metabolism crates in an environmentally 

controlled building. Before the steers were placed in the crates they were all implanted for 

the second time wUh Revalor-S® (Hoechst-Roussel Agri-Vet Company, Sommerville, 

NJ). Total collection of feed, feces, urine and orts occurred to detemUne the digestibilities 
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and NR. The trial consisted of four periods, with a nine-day adaptation period foUowed 

by a five-day collection period. At the end of the period diets were rotated to the next 

steer and this was continued untU aU steers had received each diet. During the nine-day 

adaptation period, the steers were fed their respective diets ad libUum to determine 

voluntary intake. For the coUection period the diets were at 90% of ad libitum intake to 

insure total consumption. Feed samples were taken during every collection period to 

determine dry matter, starch, nitrogen and AA. Orts samples were also collected and 

composUed over the whole collection period, if any orts remained. Diet samples were 

ground to pass a 1 mm screen and saved for later analysis. 

Total coUection of feces occurred during the five-day collection period. Every 

morning feces was gathered from a fecal collection pan at the rear of the steer and from 

the screen which separated the urine from the feces. Total weight of the sample was taken 

and a 10% aliquot was then dried for 48 h at 55° C. Dried fecal samples were composUed 

over the five-days for each period then ground through a Wiley Mill to pass a 1 mm 

screen. Urine was also collected every morning for the five-days. To prevent 

volatilization of ammonia, urine pH was kept below 2.0 by adding 400 ml of a 40% HCl 

solution to the urine collection vessels. Total volume of urine was measured using 

graduated cylinders and 10% of the urine was saved and composited over the five-day 

period. At the end of the coUection period a subsample of the composUed urine was taken 

by splitting the sample twice and keeping the second splU sample. This sample was then 

frozen for later analysis. 
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Feed, feces and ort samples were analyzed for dry matter, nitrogen and AA, Dry 

matter was detemUned by drying a 1 g sample for 24 h at 100 °C. Nitrogen was 

determined by AOAC methodology (AOAC, 1996). Amino acid content of the feed and 

feces was determined by procedures outlined by Linse et al. (1996). Two mg of sample 

were weighed and placed in 20-ml glass tubes. To each tube was added 300 pi of 6 N 

HCl, with .05%) phenol (wt:vol) and 1% thioglycoUc acid (vol:vol). Tube tops were then 

heated and extended using an oxyacetylene flame to create a neck in the tube. Tubes were 

then cooled in the freezer for approximately ten minutes to prevent the liquid from 

"bumpUig" out of the tube when a vacuum was applied to them. After total evacuation of 

oxygen, the tubes were heat sealed and incubated for 20 h at 110°C. Tubes were allowed 

to cool before being etched and opened using a white hot glass rod. The tube rim was 

then glazed to smooth the edges and cooled. Parafilm® was placed over the top of the 

tube and holes were then punched into the cover. The liquid was evaporated to dryness 

using a dessicator under vacuum. Ethylenediaminetetraacetic acid [EDTA] and water 

were then added to the dry residue at which time the tubes were vortexed to resuspend the 

residue. After resuspension, the solvent was fiUered through a 0.2-p filter with 

centrifugation to remove the particulates. The hydrolysate was then analyzed using a 

420A hydrolyzer and derivatizer utilizing a PITC-AA precolumn derivatization reaction 

on-line with a 130A HPLC analyzer system and a 920A data collection system (Perkin-

Elmer Aplied Biosystems Division, Foster City, CA). Free AA were spotted onto a 

derivatizer fritt disk and were converted to phenyUhiocarbamyl (PTC)-AA. The resuUing 

derivatized AA were separated using on-line high performance liquid chromatography 
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(HPLC) with a UV-detector. The column used was a 2.1 x 50 mm ODS reversed phase 

PTC colunm. Flow rate was 300 pl/nUn with a column temp of 31°C Solvents used were 

A: 75 mM sodium acetate (pH 5.58) containing 2.5% acetonitrile and B: 70% v/v 

acetonitrile/water (uUrapure) with 32 mM sodium acetate at pH 6.2 in sequential order. 

Percent AA content was calculated from the total mass of AA recovered. Total mass 

recovered muUiplied by the dilution factor resuUed in total ug of AA in the sample. The 

total ug were then muUiplied by the mole percent of the desired AA resuUing in the 

amount of that specific AA in the sample. The amount of a particular AA was then 

divided by the sample weight (pg) to calculate the percent of the AA. 

Starch digestibility was determined by analyzing the residue for total starch (Karr 

et al., 1987). Total starch was detemUned by enzyme degradation and subsequent 

analysis of liberated glucose through a semi-automatic glucose analyzer (YSI model 27 

industrial analyzer, YeUow Springs Instmment Co., YeUow Springs, OH). A 01 g sample 

was placed in a 20 nU screw top test tube. Two ml of a 25% CaCb solution was added to 

precipUate the protein. Samples were then autoclaved at 121 °C for 1 h to ensure that the 

starch was completely gelatinized. The samples were then allowed to cool for 30 min at 

which time 8 ml of a 0.1% w/v glucoamylase enzyme solution (50 active units), which was 

buffered to a pH of 4.7 by the addition of acetic acid and sodium acetate, was added to the 

tube. The sample was then incubated in a water bath at 60 °C for 4 h. Samples were 

vortexed every hour. Samples were removed from the water bath and centrifuged at 7000 

X g for 10 min. One ml of supematant was removed and diluted by a factor often for later 
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analysis of glucose, A 25 pi aliquot was then 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 > H2O2 + glucono-lactone 

3 H2O2 > 2 i r + 02 + 2e-

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

multiplied by the conversion factor of .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. Percentage total starch is mg/dl of glucose 

multipUed by the conversion factor divided by dry sample weight. 

Digestibilities were calculated by subtracting fecal content from the amount of 

intake then divided by intake. NUrogen metabolism was calculated by correcting for 

amount of nitrogen in the urine from the total nitrogen intake after the total volume of 

urine was corrected for the additional 400 ml of Uquid. 

Data were analyzed for statistical analysis as a 4 x 4 latin square design. Mean 

separation was conducted using Fishers Protected Least Significant Difference. 

ResuUs and Discussion 

The effect of com hybrid on the NR and digestibility of starch, dry matter, Lys, 

Met and Thr is presented in Table 5.3. Figures 5.1 through 5.6 also graphically represent 

the data for individual variables. Dry matter digestibility (Figure 5.1) was fairiy consistent 

across all hybrids of com ranging from 77.03 to 79.70%. Hybrid 1 (79.70%) was the 
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highest Ul DMD and was sinUlar to all other hybrids including hybrid 3 (77.03%) which 

was the lowest Ui DMD. Oltjen and coworkers (1967) reported DMD of 83.0% for com 

which is only slightiy higher than the data from this experiment. 

NUrogen retention or the grams of nitrogen retained per day from the diet that did 

not pass with the urine or feces is presented in Figure 5.2. Hybrid 2 (38.98 g/d) nitrogen 

was retained in the greatest amount, whereas hybrid 1 retention was the least (29.41 g/d). 

The values for NR agree with work conducted by Schake et al. (1976), Oltjen et al. 

(1967), and Thomas et al. (1975). Starch digestibility followed a similar pattem as DMD 

with hybrid 1 (93.46%) being the highest and hybid 3 (92.70%) being the lowest. All 

hybrids were sUnilar in SD ranging from 92.70 to 93.46%. Spicer et al. (1986) and Waldo 

(1973) reported total tract SD to be 99% for beef steers when fed com diets. 

The digestibiUty of Lys, Met and Thr was the lowest for hybrid 2 in all cases. 

Hybrid 3 had the highest LD (69.90%) and was quite similar to hybrids 1 and 4 (66.09 and 

67.23%, respectively). Hybrid 2 was the least digestible in Lysat 56.69% and was 

considerably lower than the other hybrids. Methionine digestibility splUs into three levels, 

with hybrid I being the highest at 78.33%. Hybrids 3 and 4 form the second tier, with 

hybrid 2 (61.84%) being the lowest in MD. Threonine digestibility ranges from 64.58 

(hybrid 3) to 47.59%) (hybrid 2). Hybrid 1 is very sinUlar to hybrid 3, and hybrid 4 is 

lower at 55.15%). Similar resuUs were obtained by Hussein et al. (1991) who reported AA 

absorption from the small intestine to be 76.9,66.7 and 66.7% for Lys, Met and theonine, 

respectively. 
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Implications 

These data suggest that differences in com hybrids do exist for digestibility of the 

limiting AA and NR. As seen with the in vitro analysis TD was quite low However, total 

tract digestibility of Thr is very similar to that of Lysand Met. This would result from 

increased digestion in the lower tract of the mminant for Thr, but that of Lysand Met may 

have reached the limit of digestion in the mmen. 
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Table 5.1. Composition ofdiets 
Item Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 
Steam-flaked com 
Cottonseed huUs 
Soy protein isolate 
Molasses 
ComoU 
Urea 
Calcium carbonate 
Rumensm/Tylan premix* 
Trace mineral premix' 
Vitamin premix' 
Sodium chloride 
Potassium chloride 
Dicalcium phosphate 
Ammonium chloride 

76.23 
10.00 
3.64 
3.00 
2.00 
1.25 
1.25 
0.90 
0.25 
0.25 
0.70 
0.13 
0.10 
0.30 

76.67 
10.00 
3.20 
3.00 
2.00 
1.25 
1.25 
0.90 
0.25 
0.25 
0.70 
0.13 
0.10 
0.30 

77.97 
10.00 

1.90 
3.00 
2.00 
1.25 
1.25 
0.90 
0.25 
0.25 
0.70 
0.13 
0.10 
0.30 

75.75 
10.00 
4.12 
3.00 
2.00 
1.25 
1.25 
0.90 
0.25 
0.25 
0.70 
0.13 
0.10 
0.30 

* Formulated to contain 360 mg Monensin/head/day and 90 mg Tylan/head/day. 
' Formulated to contain 2801 ppm of I, 9259 ppm of Mn, 8426 ppm of Zn, 1984 ppm of 

Cu, 51 ppm of Co and 1840 ppm/kg of Fe. 
' Formulated to contain 136,116 lU of VU. A, 50,000 lU of VU. D and 800 lU of VU. E, 
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Table 5.2. Chemical composition of the diets. 
Item Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 
Dry matter,%) 
Nitrogen,%) 
Total Starch,% 
Lysine,% 
Methionme,% 
Threonine,% 

88.64 
1.76 

67.77 
0.14 
0.08 
0.22 

87.82 
1.95 

71.52 
0.18 
0.08 
0.23 

88.01 
1.84 

70.81 
0.17 
0.07 
0.23 

88.50 
2.04 

71.03 
0.19 
0.08 
0.23 
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Table 5.3. Effect of com hybrid on nitrogen retention and the digestibility of dry matter, 
starch, lysine, methionine and threonine. 
Item Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 SEM 
Dry matter digestibUity,% 79.70 77.31 77.03 77.33 1,475 
Nitrogen retention, g/d 29.41 38.98 35.51 37.91 6,041 
Starch digestibility,% 93.46 92.92 92.70 92.79 0.582 
Lysine digestibility,% 66.09 56.69 69.90 67.23 3.919 
Methionine digestibility,% 78.33 61.84 73.79 70.08 7.481 
Threonine digestibility,% 64.51 47.59 64.58 55.15 5.734 
SEM = Standard error of the mean 
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Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.1. Total tract dry matter digestibility of different com hybrids. 
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Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.2. NUrogen retention of different com hybrids. 
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Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.3. Total tract starch digestibility of different com hybrids. 
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% 

50 4 
Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.4. Total tract lysine digestibility of different com hybrids. 
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Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.5. Total tract methionine digestibilUy of different com hybrids. 
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Hybrid 1 Hybrid 2 Hybrid 3 Hybrid 4 

Figure 5.6. Total tract threonine digestibility of different com hybrids. 
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CHAPTER VI 

INTEGRATED SUMMARY 

Very little is known about the AA requirements of beef cattle. Amino acid 

requirements of monogastric aminals have been discovered and producers are using the 

information to increase production and decrease costs associated wUh feed. RunUnants 

have a tme stomach, but they also have a large fermentation vat before the abomasum. 

The mmen has the ability to utilize high and low fiber feedstuffs and makes the mminant a 

viable altemative for rangelands and harvested forages. The mmen also produces protein 

and AA from the nitrogen contairUng comounds of feeds and non-protein rUtrogen. This 

complicates matters as to how the mmen microbial population affects the AA profile 

entering the small intestine and how the original feed AA are digestied or bypassed. Thus, 

the direction of this research was to elucidate the digestion of known com hybrid AA to 

discover the effect the mmen has on the AA and the extent to which the hybrid utilization 

wiU differ. Interest also arises about how steam-flaking would affect the digestion and 

utilization of the various nutrients measured. 

To establish the baseline digestibility of dry matter, mtrogen, lysine, methionine 

and threonine, of the unprocessed and steam-flaked com hybrids, inUial studies with rats 

were developed and conducted. The three limiting AA for beef cattle were studied by 

supplementing all essential AA except for the AA to be studied and then feeding these 

diets to weanling rats. The grain was eUher processed or unprocessed and fed in two 

different trials. Processing clearly reduced (P < .05) the digestibility of the AA, nitrogen 
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and dry matter. Differences in AA digestibility are probably caused by the steaming of the 

grain in the steam cabinet. Hybrids also differ (P < .05) in their lysine, methionine, 

threonine, nitrogen and dry matter digestibility. 

Understanding the role of the mmen in the utilization and digestion of feed 

ingredients has only partly been elucidated. Previous research has focused on the bypass 

value of proteins and AA and the effect of particle size and retention time on the digestion 

of feeds. Little information exists on the digestibility of known com hybrids. Most 

previous research has been conducted on grade 2 com of no known hybrid or on com that 

has genetic variations. Determining the effect ofmmen fluid on the digestibility of the AA 

plus nitrogen, dry matter and starch of known com hybrids was the objective of this trial. 

All residue from the in vitros was corrected for microbial protein production by analyzing 

for dianUnopimeUc acid. Procesing the grain affected the variables measured by reducing 

(P < .05) the AA digestibility. Threonine digestibility was also considerably lower than the 

digestion of lysine and methiorUne. Hybrid of com also brought forth differences (P < .05) 

in LD, MD, TD, DMD, SD and ND. 

High yielding hybrids of com are usually planted by producers to maximize 

production per acre and profit. Typically, feedlot cattle are fed a com based diet that has 

been processed to improve the digestibilUy of the grain. Grain that is received by feedlots 

is usually nUxed and identity is lost. Production of hybrids wUh improved nutrient 

utilization and decreased cost of production and procesing would be very beneficial to the 

cost of feeding cattle. Therefore, the intent of the metabolism trial was to determine the 

total tract digestion of typical com hybrids of beef steers. ArUmals were individually 
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housed to allow for the coUection of feces and urine. Hybrid of com was ver> similar in 

the digestion of starch and dry matter. Nitrogen retention varied between hybrids as did 

all three AA. From this data U would seem that lysine and methionine digestion reaches a 

peak in the mmen, whereas threonine digestion increases post mnUnally 

Hybrid of com will have an effect on the performance and profitability of cattle 

feeding. Previous research by Smith (1995) and Swift (1996) has shown that differences 

do exist in the nutritional profiles of grain sorghum and com and in the efficiency of 

processing of the known varieties and hybrids. The ability of being able to identify known 

hybrids when entering the feedlot and keeping these hybrids separate will benefit the cattle 

feeding sector. Continuous research to identify the mminant animal AA requirements and 

the continued research of feedstuff utilization will most certainly improve the efficiency of 

the beef industry and profitabUity of the cattle feeding sector. 
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