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ABSTRACT 

The objectives of this research were to: (1) determine the effects of feeding 

Amaferm 60 d prepartum to ewes (n = 60) through weaning on ewe and lamb blood 

glucose, BUN, and blood and milk IgG concentrations, as well as milk composition (0-36 

h postpartum). (2) To determine if sex of lamb, type of birth (single, twin, or triplet), and 

ewe age (3-7) affects blood glucose, BUN, and blood and milk IgG concentrations, as 

well as milk composition (0-36 h postpartum). (3) To determine the effects of feeding 

Amaferm 60 d prepartum to ewes through weaning on ewe and lamb body weight gain, 

body condition score, and milk yield. (4) To determine if sex of lamb, type of birth 

(single, twin, or triplet), and ewe age (3-7) affects ewe and lamb body weight gain, body 

condition score, and milk yield. (5) To determine differences between breed and 

treatments for growth performance, feed efficiency and carcass characteristics of lambs 

either fed a 14% finishing control diet or a similar diet containing Amaferm (0.5 g/hd/d). 

(6) To determine if any differences exist between breed and treatment for BUN, glucose, 

and IgG concentrations, and grov^h performance by lambs between birth and weaning. 

(7) To compare three finishing diets containing cotton byproducts as the source of 

roughage. An 8% starch-coated gin trash product (EGT), ground gin trash (GGT) (3/4" 

screen), and cottonseed hulls (CSH) were used for the roughage sources in three finishing 

diets. 

Amaferm was added to the diet of two pens, whereas the other two pens were fed 

the control diet. The diets consisted of 0.91 kg of com and 0.23 kg of cottonseed meal 
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(CSM) daily or CSM plus Amaferm (14.17 g per ewe) for the experimental groups. 

Lambs (n = 47 for control n = 48 for Amaferm) were given free access to a 16% CP creep 

feed after they were 10 days old. Ewe milk IgG was higher (P < 0.01) for all times (0-36 

h postpartum) for the control compared to the Amaferm fed ewes. Amaferm 

supplemented ewes (10.64%) had higher (P < 0.001) milk fat than control ewes (6.49%) 

at parturition. Milk lactose was higher (P < 0.05) for ewes on the control diet compared 

to the Amaferm diet (6-36 h postpartum). Lamb blood IgG did not differ P > 0.05) 

between treatments (0-36 h postpartum). Supplementing Amaferm to ewes increased 

milk fat at parturition, but decreased milk IgG and Lactose concentrations (0-36 h 

postpartum). Lamb IgG concentrations (0-36 h postpartum) were higher (P < 0.05) for 

Dorpcroix x Rambouillet (24.1 mg/mL) compared with the Rambouillet breed (21.2 

mg/mL). Interactions between breed x treatment and breed x time occurred for BUN 

concentrations (0-36 h postpartum). 

Body condifion score 39 d postpartum was higher (P < 0.05) for Amaferm (2.65) 

compared with control (2.43) ewes. Supplementing Amaferm to ewes and lambs did not 

affect (P > 0.05) any other ewe or lamb BW gain, body condition score, or milk yield. 

Ewe body condition score BCS from parturition to weaning was higher (P < 0.05) for 

ewes nursing singles than ewes nursing twins, while Ewe BCS was lowest (P < 0.05) for 

ewes nursing triplets. Ewe BCS and BW through the entire study, and lamb weaning 

weight differed (P < 0.05) with ewe age (3-yr to 7-yr). Four-week milk yield differed (P 

< 0.05) for ewes nursing singles compared to ewes nursing twin or triplets. 

Supplementing Amaferm had very little effect on ewe and lamb performance or milk 
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yield, however this study provided useful information about ewe age, and type of birth, 

and how they effect ewe BCS and BW, and lamb BW. Crossing Dorpcroix x 

Rambouillet breeds increased blood IgG concentî ations (0-36 h postpartum) and tended 

to increase blood glucose concentrations (0-36 h postpartum) compared to the 

Rambouillet breed. 
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CHAPTER I 

INTRODUCTION 

People have been adding supplements to animal diets for over a century. There 

are many types of supplements that have various types of responses in the animal. 

Fungal exti-acts have been utilized frequently in the animal feeding industry in the past 

decade. A specific strain of Aspergillus oryzae, was developed by H. E. Kistner, Sr. 

when he encountered a significant growth response while using a culmre of AO to extract 

more alcohol from grain in the manufacturing of aviation fuel to support the war effort 

(Raper and Fennell, 1965). Amaferm is a fungal extract from Aspergillus oryzae, which 

was patented by Biozyme^^ Corporation in 1968. The use of Aspergillus oryzae and its 

extract have been researched in cattle and sheep as a feed supplement. The research has 

focused on either short-term feeding of Aspergillus oryzae or Amaferm in vivo or invitro. 

In vivo research has been concentrated on improving animal performance and carcass 

characteristics. In vitro research has been focused on Aspergillus oryzae effects on fiber 

digestion, VFA production, pH, and lactic acid production. 

No research has been conducted to determine whether long-term supplementation 

of Amaferm affects sheep blood urea nitrogen, immunoglobulin, or glucose 

concentrations, animal grov^h, performance, or carcass characteristics. The first 

objective of this study were to determine the effects of long-term supplementation of 

Amaferm to pregnant ewes 60 d prepartum through weaning (60 d) postpartum on ewe 

body condition score, BW, milk production, blood urea nifrogen, glucose concenti-ations, 

and blood and milk immunoglobulin concentrations. In addition, offspring (2 breed 



types) from the ewes were fed a 16% CP creep containing Amaferm until weaning, and 

fed a 14% CP diet until slaughter. The second objective was to determine if 

supplementing Amaferm to lambs long term affected lamb blood urea nitrogen, glucose, 

and immunoglobulin concentrations, and lamb growth, feed efficiency, or carcass 

characteristics. The third objective of this study was to determine if any breed difference 

existed between Rambouillet and Dorpcroix x Rambouillet lambs for lamb blood urea 

nifrogen, glucose, and immunoglobulin concentrations, and lamb growth, feed efficiency, 

or carcass characteristics. 

In an additional lamb feedlot smdy, three finishing diets containing cotton 

byproducts as the source of roughage. An 8% starch-coated gin trash product (EGT), 

ground gin trash (GGT) (3/4" screen), and cottonseed hulls (CSH) were used for the 

roughage sources in three finishing diets. The objectives of this study were to determine, 

if feeding extruded gin trash as a roughage source in a finishing diet to lambs, would 

improve lamb performance, feed efficiency, and carcass characteristics compared with 

cottonseed hulls and ground gin trash. 



CHAPTER II 

LITERATURE REVIEW 

Asper2illus and its use in animal industry 

History of Aspersillus 

Aspergillus is a genus of fungi that was discovered well over 100 years ago and 

is found all over the worid. Aspergillus is just one of many genus of fungi. Some of 

these species can cause ilhiess in humans and animals; most commonly these are specific 

sfrains of Aspergillus fumigatus. Aspergillus niger, Aspergillus terreus, and Aspergillus 

flavus (Linz and Pestka, 1992). Specific strains are extensively studied to determine 

whether the fungus is capable of producing mycotoxins under fermentation conditions 

(Linz and Pestka, 1992). Sfrains that do not produce toxins are used in the fermentation 

process (Schechtman, 1992). Each strain after being approved is screened for mutations 

in every second generation to assure no toxins are being produced (Schechtman, 1992). 

These fungi produce specific enzymes, which have a wide variety of uses in many 

industries. For example, enzymes are used in grain processing, textiles, brewing, baking, 

leather, dairy products, and starch, fat, and oil-producing industries (Berka et al., 1992). 

The brewing industry relies on fungal enzymes for liquefication of adjuncts, filtration 

improvements of beer, nitrogen control, and accelerated maturation (Berka et al., 1992). 

Other industrial uses include meat, fuel alcohol, personal care, medical, pulp/paper, wine, 

juice, and animal feeding industries (Berka et al., 1992). Fungal enzymes in the starch 

and fuel alcohol industries accomplish starch liquefication, saccharification, and 



isomerization (Berka et al., 1992). In the animal feed industry, these enzymes are used 

in fiber degradation and enzyme supplementation termed (direct-fed microbials) to 

improve nutiient utilization (Rode et al., 2001). Berka et al. (1992) also indicated that 

catalyses from Aspergillus niger axe used in the milk and egg industries. Chymosin from 

Kluyveromyces lactis is used in the cheese manufacturing industry. 

Aspergillus oryzae was separated from the Aspergillus flavus group in 1945 by 

Thom and Raper, to form two species (Jensen, 2001). Lipase from Aspergillus oryzae is 

used in the fat and baking industries (Berka et al , 1992). In addition, protease from 

Aspergillus oryzae is used in the meat, fish, cheese, beverage and baking industries and 

xylanase from Aspergillus orzaye is used in the starch industry (Berka et al., 1992). 

Many of these enzymes are produced by more than one species of fungi (Berka et al., 

1992). 

Amaferm 

Amaferm, a specific strain of Aspergillus oryzae (AO), was developed by H. E. 

Kistner, Sr. when he encoimtered a significant growth response while using a culture of 

AO to extract more alcohol from grain in the manufacturing of aviation fuel to support 

the war effort (Raper and Fermell, 1965). Amaferm is manufactured using a two-step 

fermentation and complex extraction process (Jensen, 2001). The extraction of enzymes 

is via pressure and abrasion, both chemical and mechanical, in order to mpture the cells 

and release their enzymatic protein-based substances (Jensen, 2001). No living cells 

remain in the isolated enzyme after the exfraction process is complete. In 1962, the 



process by which Amaferm is produced was patented and sold to the Biozyme^^ 

Corporation in 1968 (Jensen, 2001). 

Fungal extract effects in animal production 

Exogenous fungal extracts have been used in poultry, canine, and swine nutrition 

to remove anti-nutritional factors and increase nutrient digestion and utilization of diets 

(Rode et al., 2001). The use of these extracts in ruminant nutrition has not been routine 

in the industry until recently. Before the mid 1990s, it was assumed that the extracts 

could not survive the proteolytic environment of the rumen (Chesson, 1994; Rode et al., 

2001). Most research on fimgal extracts in mminant nutrition has been focused on 

fibrolytic degradation, primarily celluases and xynalayses. In the 1960s several 

researchers smdied exogenous extracts fed in ruminant diets and their effect on feed 

digestibility and animal performance. Burroughs et al. (1960), Perry et al. (1960), Clark 

et al. (1961), and several others found both positive and negative effects on nutrient 

digestion and animal performance with the feeding of exogenous extracts to ruminant 

animals. In more recent studies, Judkins and Stobart (1988), Krause et al. (1998), and 

Yang et al. (1999) studied the modes of action of exogenous extracts in mminant 

nutrition. Enzymes produced from these extracts are primarily derived from bacterial 

(Lactobacillus acidophilus, L. plantarum, and Streptococcus faecium, spp.) and fungal 

{Aspergillus spp., Trichoderma reesei, Penicillium spp., and Saccharomyces cerevisiae) 

species (Pendleton, 1998). 



Effects of exogenous enzymes in the ruminant animal 

Addition of enzymes to beef cattle diets has proven to be both positive and 

negative. The quantity, type of diet, and method of application of the prepared enzyme 

has substantial influence on its utilization and effectiveness in the ruminant environment. 

Several enzymes have been combined that contained amylolytic, proteolytic, and 

cellulolytic activities and have been added to a variety of beef cattle diets. Early smdies 

of Burroughs et al. (1960), Perry et al. (1960), and Clark et al. (1961) concenti-ated on 

performance. Burroughs et al. (1960) reported improved weight gains and feed 

efficiency in fattening cattle supplemented with Amaferm. Hatfield and Hixon (1975) 

fotmd similar results in cattle consmning both high-concentrate and low-quality forage 

diets. Adding Amaferm to a high-concentrate diet improved feed efficiency and carcass 

quality in steers (Clark et al., 1961). Herring and Hallford (1990) found no difference in 

final feedlot weight, hot carcass weight, dressing percent, or quality grade in wethers 

supplemented Amaferm compared to a control. Burroughs et al. (1960) and Theuer et al. 

(1963) reported similar findings. Herring and Hallford et al. (1990) reported no 

differences in untrimmed leg, loin, but trimmed leg weight, as a percentage of carcass 

weight, increased linearly as the Amaferm level in the diet increased. Recent studies 

have addressed composition of the diet, type and level of enzyme activities and method 

of enzyme application (Rode et al., 2001). Beauchemin et al. (1995,1997, 1999) studied 

the effects of different feed types when using direct fed microbial enzymes in beef cattle 

diets. Beauchemin et al. (1997), Michal et al. (1996), and Rode et al. (1999) investigated 

application methods combined with different levels of enzyme preparations in beef cattle 



diet to observe changes in animal productivity. Beauchemin et al. (1995) foimd adding 

an enzyme mixture of xylanase and cellulase products at a level of (0.25 to 4.0 L per t) 

increased ADG by steers fed alfalfa hay or timothy hay cubes by 30 to 36 %, 

respectively, but had no effect when added to a barley silage diet. Futhermore, when 

these enzyme mixtures were added to a 95 % grain diet, feed efficiency was improved by 

11 % in cattle consuming barley-based diet, but com-based diets were unaffected (Rode 

et al, 2001). Feeding a fungal enzyme mixture of cellulase and xylanase at a rate of (5 L 

per t) increased final body weight and ADG in feedlot cattle consuming an alfalfa silage-

based diet (Michal et al., 1996; Pritchard et al., 1996). Krause et al. (1989) reported 

increased ADG and feed-to-gain ratio by (10 and 8 %, respectively) in feedlot steers 

consuming sorghum-based diets treated with amylase. Martin and Nisbet (1990) 

observed increased total VFA production when Amaferm was added either at the 0.4 or 1 

g/L level to mixed ruminal microorganism culmres in vitro, and a decreased acetate to 

propionate ratio when 1 g/L was added to either a soluble starch fermentation or amino 

acid fermentation. Furthermore, Amaferm increased the digestibility of NDF and ADF 

by 8.1% and 10.4%, respectively, when added at the Ig/L level to a bermudagrass 

fermentation (Martin and Nisbet, 1990). In contrast, Gomez-Alarcon (1990) reported that 

adding 3 g/d of Aspergillus oryzae to the diet of the Holstein cows consuming either an 

alfalfa, milo, or wheat straw roughage-based diet had no effect on total or individual VFA 

or ammonia concentrations; however, they reported an increase in rate of mmen 

fermentation. Gomez-Alarcon (1990) also reported that ADF and NDF digestion was 



increased for the wheat straw-based diet, but the addition of Aspergillus oryzae did not 

increase the digestion. 

In dairy cattle, exogenous enzymes have been used in diets to increase milk yield, 

milk fat, and percentages of protein and lactose. Rode et al. (2001) found that feeding 

dairy cattle with a xylanase/cellulase enzyme mixhire that was applied to alfalfa hay 

cubes increased milk yield and percentage of lactose. The enzymes were fed at either 0.5 

g/kg or 1.0 g/kg of dry matter. Milk yield increased by 1 kg/d and 2 kg/d for the low and 

high level of enzyme addition respectively (Rode et al., 2001), representing a 4 and 8% 

increase respectively, when compared with a control group. The increase in milk yield 

did not change when the enzymes were either added to the hay cubes, concentrate, or 

both (Rode et al., 2001). Milk fat and protein did not change; however, there was an 

increase in milk lactose (Rode et al., 2001). Rode et al. (1999) reported increased milk 

yield in the first 12 wk of lactation when cows were fed an enzyme-enhanced diet 

compared with a control group. These authors also observed higher percentages of 

lactose and protein throughout the 12 wk lactation, but milk fat was increased only in the 

first 3 wk of lactation and then dropped below the level of control cows. Rode et al. 

(1999) concluded that the increased energy made available from feed when using 

enzymes lead to an increase in milk yield in early lactation due to their negative energy 

balance. Rode et al. (1999) also concluded that a possible reason for lower milk fat after 

the 3 weeks could have been due to lower acetate-to-propionate ratios in early lactation. 

Krause et al. (1998) fotmd similar acetate-to-propionate ratios when feeding the same 

enzyme mixture as Rode et al. (1999) in dairy cattle. The decrease in milk fat caused by 



lower acetate-to-propionate ratio was supported by studies of Yang et al. (1999), who 

reported similar acetate-to-propionate ratios between enzyme supplemented and control 

cows. Rode et al. (1999) reported an increase in post-ruminal digestion in dairy cattle 

supplemented with enzyme freatments and concluded that a possible increase in mminal 

propionic acid and glucose from post-ruminal digestion would stimulate insulin release 

(Rode et al., 2001). Insulin release could cause a depression in milk fat synthesis because 

of adipose tissue lipogensis (Rode et al., 2001). Gomez-Alaracon (1990) reported that 

increased colonies of fungi similar in appearance to normal mminal fungi were attached 

to feed particles collected at the duodenum of cows fed Aspergillus oryzae. These fungi 

were absent in the collections taken from control cows. Jahn et al. (1973) reported that 

dairy cattle had a 17 % increase in fat-corrected milk when the animals consuming a 

high-concentrate diet were inoculated with live adapted mminal microbes. Owen et al. 

(1971) reported similar increases in fat-corrected milk when a fungal extract was added 

to a high-concentrate diet of dairy cattle. 

The use of enzyme mixtures to increase dry matter intake (DMI) has been fairly 

common in the dairy industiy. Supplementing an enzyme mixture containing xylanase 

and beta-glucanase activities at levels of 1.22 L/t and 3.67 L/t increases DMI by 7.5% 

and 5.2% respectively, when fed to dairy cattle consuming a mixttire of barley-based 

concenfrate (55%), barley silage (22.5%), and alfalfa haylage (22.5%)(Rode et al., 2001). 

In early lactation, if dairy cattle are in a negative energy balance, supplementing enzymes 

may increase DMI and thus increase milk yield (Rode et al, 2001). Rode et al. (2001) 

used Van Soest (1992) proposed "hotel theory" of fiber digestion as a possible 



explanation of variation in intake in different studies. This theory involves an analogy of 

a hotel with many rooms. Rode et al. (2001) stated that if an enzyme mixture hydrolyzes 

cellular contents and soluble matter. Digesting and removing the inner rooms of the hotel, 

but leaving the outside (cell wall) stiiicture intact, increased digestibility would not 

necessarily affect intake. Conversely, if the enzyme mixture digested the stmctural (cell 

wall) of the hotel and caused it to collapse, then this would lead to an increase in intake 

but not necessarily to an increase in digestibility because the rate of digestion might be 

slower than the rate of passage of the "hotel walls" (outer structural part of the cell wall) 

(Rode et al., 2001). Thus, different enzyme mixtures depending on their mode of action, 

type of application, type of diet, and level of feeding could have varying effects on the 

DMI. 

Mode of action 

Exogenous enzymes such as Aspergillus fungal extracts enhance digestion 

through several modes of action when added to raminant diets (Rode et al., 2001). The 

first mode of action is observed in the pre-ingestive phase, which is the phase before the 

animal consumes the diet. In this phase, the fungal extract, when added to silage or a wet 

feedstuff, will begin breakdown of the plant fiber via the enzymes present in the extracted 

product (Rode et al., 2001). There have been variable results on pre-ingestive effects 

when exogenous enzymes are added to dry feeds. Even though dry feeds contain 6 to 8 

% moisture, which is sufficient to cause hydrolysis, measurable solubilsation of DM is 

almost impossible without an incubation time (Rode et al., 2001). Hristov et al. (1996) 
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observed increases in the release of soluble sugars from feeds, which they attributed to 

the solubilsation of NDF and ADF. This finding was consistent with increased soluble 

fractions and rates of digestion observed by several researchers (Hristov et al., 1996; 

Yang et al., 1999), when enzymes were added to the diet of cattle. Feng et al. (1996) did 

not detect any improvement of in situ or in viti-o digestion by adding exogenous enzymes 

and suggested that enzyme additives only degrade substrates that would be broken down 

by the microflora in the rumen naturally (Rode et al., 2001). 

A pre-ingestive effect does not explain the positive effect of increased fiber 

digestion when the exogenous enzyme is added to just the concentrate portion of the diet 

(Beauchemin et al., 1997, 1999; Yang et al., 1999). Therefore, it is likely that most of the 

positive production response caused by enzyme addition is a result of post-ingestive 

effects. 

Effects of unprotected fungal extracts in the rumen have previously been thought 

to be only marginal, a result of the proteolytic activity of the mminal environment 

degrading the enzymes of the extract. Recently, through testing of specific enzyme 

additives for their resistance to degradation in the rumen in vitro and in vivo, Hristov et 

al. (1998) found that manufacturing, preparation and type and strain of fungus will yield 

varying results of resistance to degradation in the mmen. The ruminal condition of the 

host animal also plays an important role in the effect of the feed additive. Dehority and 

Orpin (1997) proposed that the improved stability of feed enzymes after feeding might be 

the consequence of several factors, including a decreased number of microflora and the 

availability of readily available soluble nutrients. In contrast, Gomez-Alarcon et al. 
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(1989) reported that the effect of Aspergillus oryzae on DM digestion in vitro did not 

require previous adaptation by ruminal microbes. Krause et al. (1998) reported that 

soluble proteins from feed contribute to enzyme stability. In addition, Hristov et al. 

(1998) concluded that the effect of protein concentration on stability might explain 

decreased proteolysis when exfremely high concentrations of enzyme preparations are 

used. Frumholtz et al. (1989) observed a 30% increase in ammonia concentration when 

Amaferm was added to in vitro mminal cultures and suggested that Amaferm increased 

proteolysis in vitro either by providing additional nutrients to the ruminal 

microorganisms or possibly via endogenous proteolytic activity of Aspergillus oryzae as 

proposed by (Arambel et al., 1987). Arambel et al. (1988) reported that Aspergillus 

oryzae increased ruminal ammonia and branched-chain VFA concentrations in vifro and 

suggested that the production of branched-chain VFA might be a result of increased 

protein degradation. Boing (1983) also observed that Aspergillus oryzae had proteolytic 

activity. Moreover, it is a well established that feed enzyme additives in the presence of 

the feed substrate increase enzyme resistance to proteolytic degradation (Pontes et al., 

1995). 

The fact that some enzyme preparations are resistant to degradation in the rumen 

suggests the possibility that they might improve digestion through the direct hydrolysis of 

ingested feed in the rumen (Rode et al, 2001). Forwood et al. (1990) and Hristov et al. 

(1996) found that exogenous enzymes could enhance fiber digestion by mminal 

microorganisms in vitro. Beauchemin et al. (1998) and Rode et al. (1999) using cattle 

with ruminal and duodenal cannulae validated these results in vivo. Total cellulase and 
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xylanase activity is highly variable from animal to animal and the variation is likely a 

result of differences in ruminal pH, animal eating behavior, and the microbial population 

in the rumen (Rode et al., 2001). Rode et al. (2001) summarized several studies stating 

that when exogenous enzymes represent only a small portion of the mminal enzyme 

activity, and the ruminal micro flora is naturally capable of readily digesting fiber, it is 

difficult to foresee how exogenous enzymes would enhance fiber digestion in the rumen 

through direct hydrolysis. Conversely, when the contributing activity is one of the minor 

actions contained in the enzyme products, it is likely then the enzyme addition to the diet 

can appreciably increase the overall level of fiber digestion in the mmen (Rode et al., 

2001). 

The synergistic effect of enzyme treatments with mminal microbe activity can be 

explained by an increase in numbers and types of enzymes in the ruminal environment. 

The exogenous enzyme activity might increase substrate breakdown and thereby allow 

naturally occurring enzymes produced by the rumen to better degrade and utilize the 

products of the digesta for improved performance (Rode et al., 2001). Stimulation of 

microbial populations is documented using Aspergillus oryzae (AO) culmres. Weidmeier 

et al. (1987) reported increases in cellulolytic bacteria when Aspergillus oryzae, 

Saccharomyces cerevesiae, or both were fed to ruminally-fistulated steers. Protozoa 

were eliminated from the mmen of wethers fed Aspergillus oryzae within 2 wk after 

initiation of the ti-eatment (Niver et al., 1973). These AO culmres can increase ruminal 

bacterial numbers and can work synergistically with extracts from ruminal microflora to 

increase the release of soluble sugars from hay (Newbold, 1995). Newbold (1997) also 
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observed that AO and Apergillus foetidus (AF) have a high molecular weight (MW) 

component (> 10,000 MW) that stimulated bacterial numbers and fiber digestion, but 

when the same molecular weight fraction was incubated with a broad specti:um protease 

before feeding, the increase in bacterial numbers and fiber digestion were lost. Thus, 

Newbold (1997) concluded that proteins might be an important factor in the ability of AF 

to be beneficial. 

Free enzymes or cellusomal stmcmres comprising numerous enzymes bound non-

covalently to form an organized complex are one of two ways hydrolysis of cellulose or 

hemi-cellulose is accomplished (Teeri, 1997). Most of the aerobic exogenous enzymes 

are developed from fungi and predominately hydrolyze fibrous material by free enzymes, 

where anaerobic enzymes that are naturally occurring in the mmen involve cellulosomal 

structures in hydrolysis (Rode et al., 2001). Close association between the microflora and 

fiber is vital for breakdown and utilization of feedstuffs in the mmen (McAllister et al., 

1994). Microbial growth is another important factor in digestion and absorption (Silva et 

al., 1987). In addition. Rode et al. (2001) proposed that if addition of exogenous 

enzymes improves bacterial attachment, this might explain why only small quantities 

need to be used to increase fiber digestion in vivo. However, the mode of action by 

which exogenous enzymes assist in the attachment of bacteria to the substrate is still 

unknown (Rode et al., 2001). The release of soluble sugars by fibrous particles has been 

shown to initiate attachment of fungi and protozoa to plant cell walls in the mmen 

through a chemo-tactic response (Orphin, 1979). Newbold (1997) suggested that this 

chemo-tactic response could increase the attachment of fibrolytic bacteria, and that the 
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enzymatic attack might make for a more suitable site for microbial colonization on the 

plant cell wall. 

Extracted products of Aspergillus oryzae have been shown to have the ability to 

breakdown the ester bonds between p-coumaryl and femloyl groups that are linked to 

limited digestion of plant cell walls (Hatfield, 1993). The breakdown of these ester bonds 

was proposed by (Varel et al., 1993), and is one of the ways the exogenous enzymes act 

synergistically with the microbial activity of the rumen. This synergistic effect in most 

cases increases rate of digestion but not extent of digestion (Varel et al, 1993; Feng et al., 

1996; Hristov et al., 1996). However, in other studies, a negative effect was observed on 

dry matter digestion by sheep and steers when the exogenous enzymes were mminally 

infiised (Beauchemin et al., 1995; McAlhster et al., 1998). Weidmeier et al. (1987) 

reported increased DM digestibility when Aspergillus oryzae or a combination of 

Aspergillus oryzae and yeast were added to the diets of nonlactating Holstein cows, as 

well as increased hemi-cellulose digestibility, percent mminal cellulolytic bacteria, and 

acetate-to-propionate ratio. 

Niver et al. (1973) reported increased fiber digestion in wethers supplemented 

with AO. Lambs supplemented with AO digested more ADF than lambs fed the control 

diet (Niver et al., 1973). Additionally, Niver et al. (1973) reported that protozoa were 

eliminated from the rumen within 2 wk after the start of AO supplementation. Niti-ogen 

balance was greater in the control lambs than in AO-supplemented lambs, which might 

be indicative of the defaunation (loss of protozoal) in the AO-supplemented sheep (Niver 

e ta l , 1973). 
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Asvereillus orvzae effects on mminal and total tract digestibility 

Aspergillus oryzae increased digestibility of mmen and total ti-act fiber fractions 

except in high-forage diets (Gomez-Alarcon et al., 1990). Volatile fatty acid (VFA) 

porprotions and concenti-ations were unaffected by AO supplementation (Gomez-Alarcon 

et al., 1990). Gomez-Alarcon et al. (1990) reported that supplementing AO increased 

rumen fermentation of alfalfa but not of milo or wheat straw diets in cattle. Weidmeier et 

al. (1987) and Gomez-Alarcon et al. (1990) both reported increased CP, DM, ADF, and 

NDF digestibility when AO was supplemented to cattle consuming high concentrate 

diets. Gomez-Alarcon et al. (1990) also found a trend of lower ruminal pH, higher total 

VFA, and lower acetate-to-propionate ratio in cattle consuming high concentrate diets. 

Gomez-Alarcon et al. (1990) concluded that AO affected digestion of different feedsmffs 

variably in ruminant diets. Van Hom et al. (1979) reported a 29% increase in apparent 

OM digestion in the mmen with AO supplementation to dairy cattle consuming a high 

concentrate diet. Weidmeier et al. (1987) and Dawson, (1989) reported increased 

numbers of cellulolytic bacteria and anaerobic bacteria respectively, when AO and 

Saccharomyces cerevesiae were supplemented to steers consuming a com based diet. 

Weidmeier et al. (1987) observed an increase in DM and hemicellulose digestibility, 

percent ruminal cellulolytic organisms, and acetate-to-propionate ratio in non-pregnant 

non-lactating Holstein cows that were supplemented with AO and AO plus a yeast 

culture freatment, whereas overall bacterial populations only tended to increase with AO 

supplementation. 
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fri vifro fiber digestion with the addition of Amaferm 

Supplementing Amaferm at 0.8 or 1.2 g/L in an in vitro culture increased NDF 

and ADF degradation of bromegrass and alfalfa hay (Beharka and Nagaraja, 1993). 

Beharka and Nagaraja (1993) also found that addition of Amaferm at 0.4 and 0.8 but not 

at 1.2 g/L increased NDF and ADF degradation of high-endophyte fescue hay. The 

addition of Amaferm to whole ruminal fluid (from animals not adapted to Amaferm) 

without or with cycloheximide increased in vitro fiber digestion; whereas Amaferm plus 

penicillin and sti-eptomycin when added to whole mminal fluid did not affect fiber 

degradation (Beharka and Nagaraja, 1993). The authors concluded Amaferm increased 

fiber digestion of certain hays, and that the increase was mediated through stimulation of 

ruminal bacteria, but not fungal or protozoal activities. The in vitro results of (Beharka 

and Nagaraja, 1993) were in contrast to Arambel et al. (1987) that stated that for proper 

results the whole rumen fluid must be from animals that were adapted to the Amaferm. 

An in vitro smdy by Martin and Nisbet (1990) showed that incubating ruminal 

microorganisms and Amaferm yielded an increase of H, CH4, acetate, butyrate, total VFA 

and amonia production and decreased raminal pH. Addition of Amaferm to soluble 

starch fermentations resulted in a decrease in acetate-to-propionate ratio, whereas adding 

Amaferm to an amino acid fermentation yielded increased acetate, propionate, valerate, 

and total VFA, but a decreased acetate-to-propionate ratio (Martin and Nisbet, 1990). 

High levels of Amaferm had negative effects on NDF and ADF digestion of 

bermudagrass (Martin and Nisbet, 1990). According to a study by Frumholtz et al. 

(1989), Amaferm increased ammonia concenfrations in vitro. Boing (1983) suggested 
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that the increase in ammonia could be a result of increased proteolysis via additional 

nutiients from Amaferm supplied to microorganisms or possibly endogenous proteolytic 

activity of AO. 

Amaferm and mminal pH 

As ruminal pH falls below 6.2, it is well established that nattirally occurring 

microorganisms that produce fibrolytic enzymes are inhibited (Russell and Dombrowski, 

1980). Many of the commercially produced exogenous enzymes work optimally at a 

ruminal pH below 6 (Gashe, 1992). Martin and Nisbet (1990) reported that addition of 

Amaferm in vitro to the fermentation of bermudagrass hay by mixed ruminal 

microorganisms decreased pH and increased methane production. 

Effect of protein and energy supplementation in animal production 

Protein supplementation 

Protein supplementation to ruminants consuming low-quality forage can increase 

animal performance and/or forage utilization. This usually occurs through increased 

energy intake with protein supplementation, additional ammonia nitrogen and amino 

acids available to the mmen microbial population, and/or some of the protein escaping 

mminal degradation and being directly absorbed in the small intestine as amino acids. 

By creating a favorable environment for microorganisms in the rumen, supplements can 

increase digestibility of low-quality forages and feed intake (De Waal et al, 1980). In 

contrast, De Waal et al. (1980) fotmd no increase in feed intake or body mass when 
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supplementing CP to Dorper and Merino wethers on native pasture. However, 

supplementing energy and CP to lactating Dorper and Merino ewes decreased body mass 

loss by 50% and increased growth rate by their lambs (De Waal et al., 1980). 

Additionally, the De Waal et al. (1980) found that supplementing CP in the summer did 

not affect intake of the herbage, but a substitution effect on herbage intake by the ewes in 

response to supplementing energy was observed. In an in sacco DM disappearance 

study, De Waal (1995) reported a difference between Dorper and Merino breeds grazing 

from winter to summer with CP supplementation. The Dorper had a higher ruminal pH 

than the Merino ewes in both lactating and nonlactating animals. De Waal (1995) 

attributed the differences in breeds to differences in pH. Orskov (1982) reported that he 

rate of cellulose digestion falls rapidly at a mminal pH of less than 6.1, but the extent to 

which cellulose digestion is decreased depends both on the duration and magnitude of the 

prevailing decrease in mminal pH. When using the in sacco DM disappearance method, 

results should be interpreted cautiously, according to (Cronje, 1982; Uden and Van Soest, 

1984), because when used for determining rate of degradation, the in situ technique lacks 

sufficient measures of standardization. Low digestibility is usually associated with an 

increase in rumen retention time, as well as voluntary feed intake. Sheep are selective 

grazers, and increased ruminal retention time might have been why De Waal (1995) 

found no increases in intake in his early studies. Caton, et al. (1993) reported that 

supplementing Aspergillus oryzae to steers grazing cool-season pasture throughout the 

growing season did not affect mminal pH, ammonia, VFA concentrations or VFA 
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proportions, but increased OM intake and lowered NDF and ADF digestibilities in June 

and July, and increased amino acid flow to the small intestine. 

Gomez-Alarcon et al. (1990) reported increased intake and digestibility of NDF 

and ADF in response to AO supplementation of Holstein cows fed a medium-concentrate 

diet. Additionally, Judkins and Stobart (1988) reported similar results when lambs fed a 

alfalfa-com mixed diet (10 % com) were supplemented with AO. fri conti-ast, Firkins et 

al. (1990) and OUermann et al. (1990) found no difference in fiber digestion when AO 

was added to the diet. Fondevila et al. (1990) suggested that rate but not the extent of 

digestion may be increased, in sheep supplemented with AO. 

Effects of dietary protein level on blood urea nitrogen 
concentrations in pregnant lactating dairy cattle 

High dietary protein stimulates miUc production (Grings et al., 1991). Feeding 

excess dietary protein to cows results in increased BUN (Jordan et al., 1983). Ferguson 

et al. (1993) reported that BUN concentrations exceeding 20 mg/dL were associated with 

decreased conception rates in lactating cattle. Plasma urea nitrogen (PUN) and milk urea 

nitrogen (MUN) have been used to indicate protein metabolism and stams in cows and 

are particularly useful for field monitoring (Roseler et al., 1993). 

According to Roseler et al. (1993), PUN and MUN should be simultaneously at 

the same level because of how urea equilibrates within bodily fluids and, therefore, either 

one should be a good indicator of the N status of the animal. The PUN and MUN 

concentrations were highly correlated in lactating dairy cows (Butler et al., 1996), and 

PUN or MUN concentrations can reflect protein utilization of the diet (Butler et al., 
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1996). Levels of PUN and MUN differed from each other at 4 to 5 h after feeding 

(Butler et al., 1996). Gustafsson and Palmquist (1993) reported similar findings that 

PUN concenfrations fluctuate throughout the day, with a maximum at approximately 4 to 

6 h after feeding with PUN and MUN having a 1 to 2 h lag between peaks. Greater 

differences can occur between PUN and MUN concentrations and peaks as a result of 

type of diet and sampling time (Gustafsson and Palmquist, 1993). Across all milk 

fractions, MUN concentrations seem to be constant (Gustafsson and Palmquist, 1993). 

Jordan et al. (1983) reported that high-producing cows fed high levels of CP have high 

PUN concenfrations. 

Plasma metabolites 

Plasma glucose concentrations were tmaffected by low and moderate levels of CP 

treatment, but tended to be higher with high protein diets (McNeill et al., 1997). McNeill 

et al. (1997) reported that PUN concentrations increased with increasing dietary CP. 

Effect of dietary protein level on nitrogen partitioning 
between the gravid utems and matemal tissues 

Nifrogen accretion in the gravid utems and matemal tissues during late pregnancy 

allow estimations of net protein requirements of pregnant animals (McNeill et al., 1997). 

The NRC (1985) requirements only take in account growth of the gravid utems and wool 

and when these requirements are met, protein flux in nonuterine tissues is assumed to be 

static. Pine et al. (1994) reported that the NRC (1985) system does not account for 

matemal tissue protein as a reservoir of mobilizable amino acids to meet the increased N 
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requirement in early lactation and mammary gland development. McNeill et al. (1997) 

reported that intakes of DM and CP (soybean meal and fish meal mixmre) were similar to 

predicted values of NRC (1985). Decreases in liveweight gain and body condition score 

(BCS) decline were less for ewes consuming low protein than both moderate and high 

levels of protein supplementation (McNeill et al., 1997). Nitrogen retention in the gravid 

uterus and matemal tissues increased linearly with protein intake, which was verified by 

response to N retention of fetuses and uterine tissues, but no response was observed in the 

placenta or fetal membranes is a result of CP intake (McNeill et al., 1997). Visceral 

organs and mammary glands had a positive nitrogen retention response to low CP and 

moderate CP, but not the high level of CP supplementation. In contrast, N accretion in 

the carcass tissues was not observed in low and moderate CP diets, but increased with 

high levels of CP supplementation (McNeill et al., 1997). The overall N retention in 

matemal tissues overshadowed a substantial net loss in carcass N that was compensated 

for by visceral organ and manmiary gland N retention (McNeill et al, 1997). Carcass 

tissues are the major sources of mobilized N in ewes fed lower than predicted levels of 

CP requirements, where as N accretion in is observed in ewes overfed CP (McNeill et al., 

1997). Fetal N accretion was lower in low CP diets but was compensated by 

mobilization of N from matemal tissues (McNeill et al., 1997). 

Effect of protein supplementation on Suffolk sheep 
development and reproduction 

Ewes consuming either forage, forage plus high undegraded intake protein G-̂ P), 

or forage plus low UIP were used to determine growth and reproductive performance by 
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Suffolk and white face range ewe lambs (Salisbury et al., 2000). Salisbury et al. (2000) 

noted lower forage intake for control ewes on forage alone compared with the two groups 

supplemented with either high or low Ufl*. Koster et al. (1996) reported increased forage 

utilization with an increasing level of degraded intake protein (DIP) supplementation. 

Similar results were reported in cattle fed UIP (Sawyer, 1998). Serum urea niti-ogen 

(SUN) concenti-ations were higher in UlP-supplemented ewes than in control ewes 

(Sahsbury et al., 2000). 

Effects ofbirth weight and postnatal nutrition on 
Suffolk. Dorset, and Finn cross neonatal sheep 

Greenwood et al. (1998) reported a tendency for higher ADG by high-birth-

weight lambs fed ad libitum compared with low-birth weight lambs, whereas there were 

no differences between high-and low-birth-weight lambs that were slowly grown. High-

birth-weight lambs gained significantiy faster than low-birth-weight lambs in the early 

postnatal period (Greenwood et al, 1998). Feed intake was 13% greater by low-birth-

weight lambs from birth to 20 kg than by the high-birth-weight lambs (Greenwood et al., 

1998). Greenwood et al. (1998) reported lower feed intakes, on an age-equivalent basis, 

for slowly and rapidly growing high-birth-weight lambs compared with their low-birth-

weight counterparts. Feed-to-gain ratios were lower in low-birth-weight, slowly grown 

lambs and tended to be lower in the rapidly grown, high-birth-weight lambs than in their 

slowly-grown high-birth-weight counterparts at any given age (Greenwood et al., 1998). 
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Effects of short-term prepartimi protein supplementation 
on ewe performance and colostrum accumulation 

Stafford and Hoveriand (1960) reported that 56% of all lamb mortality occurred 

within the first 3 d of life, hnproved lamb birth weights and lamb survival have been 

associated witii short-term protein supplementation of late-gestating ewes (Stephenson 

and Bird, 1992). Holland et al. (1987) reported an increase in colostral accumulation and 

milk production with short-term prenatal supplemental protein. Roeder et al. (2000) 

reported that ewes consuming a high mminally undegradable protein (UDP) diet had 

higher BUN concentrations than diet that was based on 75% of the NRC 

recommendations, but were lower than ewes on a mminally degradable protein (RDP) 

diet. Ewes consuming a high UDP diet had higher prepartum colostrum concentrations 

of protein and solids than either the diet that was based on 75% of the NRC 

recommendations or the high RDP diets (Roeder et al., 2000). Using the diet based on 

75% of the NRC recommendations ewes lost less body condition during peak lactation 

(birth to 21 d) tiian high UDP (Roeder et al., 2000). Other researchers Mellor and 

Murray, (1985) reported that restricted intake prepartum negatively influenced colostrum 

accumulation and secretion. High UDP ewes had higher colostral protein concentrations 

and tended to have higher immunoglobulinG (IgG) concentrations (Roeder et al., 2000). 

Marston and Lusby (1995) reported that DM digestibility of hay was not affected 

by lactation status, which was similar to the findings of Gunter et al. (1989), who 

reported no difference in DM digestibility between pregnant and non-pregnant ewes. 

Marston and Lusby (1995) concluded that greater nutiient demand by lactating cows 

drives the increase in energy intake of a low-quality roughage (bluestem grass hay). 
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Bluestem grass hay dry matter intake (DMI) was greater for protein (soybean meal-based 

supplement) tiian for energy-fed cows (Marston and Lusby, 1995). 

Effects of energy, nitrogen, and protein supplementation on digestibility. 
and nitrogen flux across the gut and liver in sheep fed low-aualitv forage 

Ferrell et al. (1999) reported a hour of sampling by treatment interaction for sheep 

consuming brome grass hay supplemented energy plus urea compared to the energy 

supplement, or energy supplement plus RUP fed groups. The hour of sampling x 

freatment interaction that was a significant source of variation for blood concentrations of 

ammonia N, urea N, net ammonia N release from portal-drained viscera (PDV) and liver, 

and urea N release from splanchnic tissues (Ferrell et al., 1999). Hour of sampling was a 

significant source of variation in alpha-amino Nitrogen in arterial, portal venous, and 

hepatic venous blood (Ferrell et al., 1999). Levels were highest before feeding and 

decreased to a minimum at 3 to 6 h after feeding (Ferrell et al., 1999). Forage neutral 

detergent fiber (NDF) consumed by lambs did not differ among the control, energy 

supplement, energy supplement plus urea, or energy supplement plus RUP fed groups 

(Ferrell et al., 1999). This was in confrast to the results of Koster et al. (1996), who 

reported an increase in NDF consumption by cows consuming low-quality grass hay 

when casein was infused into the mmen. Ferrell et al. (1999) concluded that 

supplementing energy to a low-quality forage diet seemed to stimulate mobilization of 

body protein in sheep, and supplementing energy plus RUP increased DE and available 

amino acids to the animal but seemed to result in less than maximal microbial growth. 
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Ruminal fermentation products 

Beharka et al. (1991) reported calves supplemented with Amaferm had higher 

counts of fiber-digesting bacteria in the rumen that degrade pectin, hemicellulose and 

cellulose than nonsupplemented calves. Beharka et al. (1991) also noted that in both 

groups of calves, rumen pH and lactate decreased with age, but was not affected by the 

Amaferm supplementation. Concentrations of VFA increased with the calf age, but the 

calves supplemented with Amaferm tended to have higher VFA concentrations than the 

conti-ol group. Acetate and propionate concentrations were higher in Amaferm-

supplemented calves after the second week of feeding (Beharka et al, 1991). The 

Amaferm supplemented calves were able to be weaned 1 wk earlier than 

nonsupplemented calves (Beharka et al., 1991). Beharka et al. (1991) found no 

difference in general health or fecal scores among calves in either treatment. 

Frumholtz et al. (1989) reported that with a mmen simulation technique (Rusitec), 

methane production was decreased and suggested that Amaferm might divert mminal 

hydrogen flow away from methane into propionate and butyrate as well as a buffering 

effect postfeeding as a result of a decrease in lactate accumulation in the mmen. This 

could explain increases in propionate production noted in other studies (Beharka et al., 

1991; Martin and Nisbet, 1990). 

Judkins and Stobart (1988) fed a fungal enzyme preparation to Rambouillet and 

Coltimbia lambs and reported no differences in mminal pH, ammonia concentrations, 

total VFA, and proportion of individual acids between treated and control animals. Dry 

matter digestibility, and particulate and ruminal fluid passage rate were unchanged, but 
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the wethers tended to have increased cell wall digestion when the fungal enzyme 

preparation was added to the diet (Judkins and Stobart, 1988). 

Burroughs et al. (1960) reported improved weight gains by fattening feedlot steers 

when a fungal exti-act was added to the diet, but others have not observed increased 

weight gains (Theurer et al., 1963). Rust et al. (1965) found no advantage in fiber 

digestion when enzyme preparations were added to the diet of dairy calves. In contrast, 

Arambel and Weidmeier (1986) reported increased DM, CP, and hemicellulose 

digestibility in Holstein heifers when a fungal exti-act was added to their diet, but did not 

detect any change in ruminal metabolites or particulate and fluid turnover rates, which 

agreed with the findings of Judkins and Stobart (1988). Niver et al. (1973) reported 

increased ruminal defaimation, and Arambel and Wiedmeier (1986) found increased 

proportions and numbers of cellulolytic bacteria when fungal cultures were added to the 

diet. These findings might suggest that fungal enzymes could provide a more favorable 

environment for fiber digestion. 

Lactate is a routinely found in the mmen as a fermentation end product of certain 

bacteria when animals consume a high-concentrate diet (Slyter, 1976). Increased 

concenti-ations of lactate in the rumen decrease mminal pH, fiber digestion, particulate 

tiunover, and can result in dysfunction of the rumen (Huber, 1976; Slyter, 1976). 

Megashaera elsdenii, a Gram-negative bacterium found in high numbers in the mmen 

when animals are fed a high-concentrate diet is thought to be the main DL-lactate 

utilizing species in the mmen (Counotte et al., 1981). Counotte et al. (1981) also 

concluded that M. elsdenii B159 is possible of fermenting up to 97% of mminal lactate. 
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Lactate utilization by M. elsdenii B159 is not subject to catabolite regulation by glucose 

or maltose (Russell and Baldwin, 1978). Waldrip and Martin (1993) reported that 

Amaferm increased L-lactate uptake by M. elsdenii B159 and Selenomonad stiain HI8. 

M. Elsdenii grown in a medium containing DL-lactate and Amaferm filti-ate, but lacking 

tiTpticase and yeast extract showed over a twofold increase in lactate utilization over a 

medium that contained tiypticase and yeast exti-act (Waldrip and Martin, 1993). Waldrip 

and Martin (1993) concluded that thefr results suggested that Amaferm provides growth 

factors beyond that of hypticase and yeast extract that are needed to support growth of M 

Elsdenii on lactate. 

Increasing lactate utilization by S. ruminatium and M. elsdenii through Amaferm 

supplemetation could buffer mminal pH and lessen the chance of lactic acidosis (Slyter, 

1976). Frumholtz et al. (1989) and Nisbet and Martin et al. (1990) reported that the 

reason for bacterial stimulation by Amaferm were ruminal pH stabilization, enhanced 

nutrient uptake, and the increase of unknown growth factors. 

Linehan et al. (1978) showed that S. ruminatium HD4 needs L-aspartate, CO2, p-

aminobenzoic acid, and biotin for growth on lactate; additionally, L-aspartate can be 

replaced by L-malate or fumarate. Strobel and Russell (1991) discovered that mminal 

Selenomonad HI 8 used lactate as a source of energy for growth, but only when sodium 

and aspartate were added to the medium. 

Amaferm contains biotin, panothenic acid, pyridoxine hydrochloride, vitamin B12, and 

many amino acids including aspartic acid, and some strains produce fumarate (BioZyme 

corporation, 1999). 
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Gottschalk (1986) reported that dicaboxylic acids are required for metabolism of 

lactate by S. ruminantium, which is consistent with the presence of the succinate 

(randomizing) pathway in this microorganism. Gottschalk (1986) found that M. elsdenii 

converts lactate to propionate and acetate via the acrylate (nomandomizing) pathway and 

does not require dicaboxylic acids for growth on lactate. This bacterium does have a 

requirement for B vitamins and amino acids (Forsberg, 1978). Amaferm therefore can 

play a role in stimulating lactate utilization by M. elsdenii through B vitamin and amino 

acid content of Amaferm (Waldrip and Martin, 1993). 

Many efforts have been used to manipulate the mminal environment with 

intention of improving animal production. Much of this work has centered on feeding a 

wide range of feed additives to influence some portion of mminal metabolism. Amaferm 

is a fermentation extract of a specific Aspergillus oryzae mold. Supplementation of 

Amaferm to adult mminant diets has shown to have positive effects on DM, ADF, NDF, 

and CP digestion in vitro and in vivo (Van Hom et al., 1984; Arambel et al., 1987; 

Weidmeier et al., 1987; Gohnez-Alarcon et al., 1990). 

Increases in milk production and milk fat without increases in DMI have been 

reported in animals supplemented with Amaferm (Harris, et al., 1983; Huber, et al., 

1985). Heifer calves supplemented with Amaferm tended to consume more dry feed in 

the first 5 wk of the smdy, but weekly gains, and feed-to-gain ratios were not affected by 

Amaferm (Beharka et al., 1991). Bull calves supplemented with low or moderate levels 

of Amaferm tended to have higher weight gains, increased daily feed intakes, and weaned 
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earlier than bull calves supplemented with a high level of Amaferm or nonsupplemented 

animals (Beharka et al., 1991). 

Neonatal mmen development 

Ruminal metabolic development 

Lambs start to consume solid feed between 2 and 4 wk of age. Consumption of 

solid feed leads to fermentation by mminal microbes, resulting in VFA production (Van 

Houtertt, 1993). Ruminal epithelial morphological development depends on VFA 

production in the mmen (Lane and Jesse, 1997). As ruminal development occurs, the 

rumen increases in size, intraruminal papillae increase in length, and the epithelial lining 

of the rumen becomes keratinized (Church, 1969). Baldwin and Jesse (1991) showed 

that at birth, ruminal epithelial cells oxidize glucose and butyrate at similar rates. At 

weaning, the rate of glucose oxidation decreases, and butyrate becomes the preferred 

oxidative subsfrate and the production of the ketone body beta hydroxybutyrate (B-HBA) 

from butyrate increases six fold (Baldwin and Jesse, 1991). Ruminal epithelial cells are 

the primary sotu-ce of ketone bodies via metabolism of butyrate in ruminants (Beck et al., 

1984). Baldwin and Jesse (1996) found that acetate inhibits B-HBA formation from 

butyrate in incubated sheep ruminal epithelial cells, but propionate stimulated B-HBA, 

whereas acetoacetate production decreased resulting in no net change in ketone body 

production. As propionate increased or succinate was added lactate, and pymvate 

production increased (Baldwin and Jesse, 1996); however, the addition of succinate 

resulted in decrease in B-HBA formation from butyrate (Baldwin and Jesse, 1996). 
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Baldwin and Jesse (1996) concluded that butyrate metabolism by ruminal epithelial cells 

is influenced by other VFA produced in the mmen. The B-BHA production from butyrate 

tiirough propionate stimulation does not seem to be mediated via succinate, but rather 

through a shift in the mitochondrial NADH/NAD status (Baldwin and Jesse, 1996). 

Harmon et al. (1988) reported that ketone body production in vivo is influenced to 

a large degree by changes in the molar proportions of the VFA, especially propionate in 

the rumen. Lane et al. (2000) monitored ruminal development in the absence of solid 

feed. They reported that ruminal VFA concentrations did not differ with age, but differed 

from lambs consuming solid feed at 84 d of age. Lane et al. (2000) attributed the VFA 

production in the lambs not consuming solid feed to the findings of Church (1969) that 

the esophageal groove does not completely close when animals are nursing, allowing 

some milk to leak into the rumen and be fermented into VFA. Lane et al. (2000) found 

that papillae growth was imchanged in lambs not consuming solid feed, but lambs 

consuming solid feed at 84 d of age had fewer but larger papillae in the mmen. They 

found no change with age in the oxidation of glucose or butyrate in lambs not consuming 

solid food, but at 84 d of age the group fed solid feed had oxidation levels consistent with 

conventionally raised adults (Lane et al, 2000). Lane et al. (2000) concluded that solid 

feed consumption is needed for the change in substrate oxidation from glucose to 

butyrate and ruminal metabolic maturation, but development of ruminal ketogenesis 

through increased B-BHA production, does not need the presence of solid feed 

consumption. Hence, delaying initiation of VFA production by not allowing solid feed 
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consumption results in a rumen morphological development but can hinder metabolic 

development of the rumen (Lane et al., 2000). 

Semm profiles and their effects in animal nutrition 

Semm profiles in fine wool sheep 

Serum values for BUN and glucose in cattle and sheep have been shown to vary 

with diet, season, age, and stage of reproduction (Hallford and Galyean, 1982). Blood 

urea nifrogen (BUN) and glucose ranged between 18.0 to 30.0 mg/dL and 35.0 to 61.0 

mg/dL respectively, in mature ewes over an 8-d sample period (Hallford and Galyean, 

1982). Blood urea N and glucose concentrations for fine-wool ewe lambs during three 

periods of their first reproductive cycle had mean values of 18 mg/dL and 70.6 mg/dL 

before fall breeding, respectively, 9 mg/dL and 172.1 mg/dL, respectively, at parturition, 

and 11.3 mg/dl and 79.3 mg/dl, respectively, at weaning of the lambs (Hallford and 

Galyean, 1982). Blood urea N and glucose concentrations for mature fine-wool ewes 

during three periods of the reproductive cycle had mean values of 16.9 mg/dL and 65.4 

mg/dL before fall breeding, 21.7 mg/dL and 128.2 mg/dL at parturition, and 9.4 mg/dL 

and 68.7 mg/dL when lambs were weaned respectively (Hallford and Galyean, 1982). 

Serum BUN and glucose concentrations had mean values of 25.7 mg/dL and 81.2 mg/dL, 

23.3 mg/dL and 87.5 mg/dL for fine wool feedlot lambs (5 mo of age), and Debouillet 

rams (18 mo of age) before slaughter, respectivley (Hallford and Galyean, 1982). 

Glucose is the major metabolic fuel of the fetus and moves across the placental 

barrier via active transport. Fetal plasma glucose concenti-ations are only 25% of the 
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ewe's plasma glucose concentrations (Comline and Silver, 1976). In the cow, the fetal 

concentrations are as high as the cow (Comline and Silver, 1976). In horses, foal 

concenfrations are as high as 60% of the matemal plasma level in the mare (Comline and 

Silver, 1976). In hiunans, glucose is the principle fetal carbohydrate, and the placenta 

contains large amounts of glycogen synthesized mainly from matemal glucose (Jainudeen 

and Hafez, 2000). In mminants, fhictose is the main carbohydrate in fetal blood and the 

placenta contains only small amoimts of glycogen (Jainudeen and Hafez, 2000). Fetal 

fi"uctose is produced by the placenta from glucose and its function in the fetus is obscure 

(Comline and Silver, 1976). Fmctose comprises 70 to 80% of sugar in the fetal blood, 

whereas glucose is predominant in matemal blood (Jainudeen and Hafez, 2000). Fetal fat 

is derived from free fatty acids (FFA) from the dam and synthesized in the fetus from 

carbohydrate and acetate (Bell, 1993). Free fatty acids are transported across the placenta 

by simple diffusion (Bell, 1993). Free fatty acid transfer across the placenta is minimal 

in the ruminant animal (Bell, 1993). Proteins are not transferred, but amino acids are 

transferred across the placenta, and the fetus synthesizes protein from these amino acids 

(Bell, 1993). These amino acids cross the placenta against a concentration gradient. 

After birth, animals depend on glycogen reserves from the liver and skeletal and cardiac 

muscle, as well as brown adipose tissue, for thermal regulation and replenish blood 

glucose levels (Rattray, 1992). Swine and sheep are sensitive to low ambient 

temperatures and cannot withstand longer than 2 or 3 h of temperatures below 38 C for 

the first week of life (Jainudeen and Hafez, 2000). 
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Kinetics of plasma fructose and glucose in neonatal calves 

Glucose is thought to be the primary energy source of the fetus and neonate, even 

though plasma fructose concentrations are elevated in lambs in utero and immediately 

following parturition (Kurz and Willett, 1992). Faulkner (1983) stated that plasma 

glucose is metabolized quickly at birth, which forces the neonate to use an altemative 

energy supply. At this time neonates may rely on plasma fhictose until plasma glucose 

concentrations stabilize at approximately 18 h postpartum (Kurz and Willett, 1992). 

Changes in plasma glucose and fhictose in newborn lambs indicate that metabolic 

adaptations are occurring (Keller et al., 1998). These energy sources stabilize 

homeostasis to ensure survival (Keller et al., 1998). Daniels et al. (1981) reported 

increased weight gain by calves that were infused with fiuctose at birth. Keller et al. 

(1998) found that both plasma fiructose and glucose concentrations increased sharply 1 h 

after calves were administered fhictose orally and remained elevated for 6 h before 

decreasing. Plasma glucose and fi-uctose concentrations in the contiol group that were 

administered water and the lactose group given lactose orally declined after birth (Keller 

et al., 1998). Ninety-six hours after birth, all three groups were supplemented again, but 

there was no response (Keller et al, 1998). Fmctose concentrations were detectable for 

41 h in the fructose-supplemented calves, but only for 17 h in the control and lactose-

supplemented groups (Keller et al., 1998). After 17 h postparmm blood glucose 

concentrations were higher in the lactose supplemented calves, but decreased after 29 h 

compared with the conti-ol and fiiictose-supplemented calves (Keller et al., 1998). 

Mersmann (1974) suggested that to compensate for the decrease in glucose 
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concenti-ations, calves shiver, causing stimulation of a production of phosphorylase to 

help stabilize glucose concenfrations via glycogen reserves. Glycogen reserves are 

depleted quickly and are not replenished until a few days later when gluconeogenic 

enzymes reach substantial levels of activity (Faulkner, 1983). Tyler and Ramsey (1993) 

reported that although plasma fiuctose concentrations are high, plasma glucose 

concentrations remain suppressed, which can possibly be attiibuted to an inhibitory 

mechanism by which high fiuctose concenti-ations to allow glucose to replenish glycogen 

reserves tiiat were utilized in the first few hours postpartum. 

Regulation of the glucose transporter gene 

During lactation, lactose synthesis from glucose in the mammary epithelial cells 

seems to be the rate-limiting step in milk synthesis (Neville et al., 1983). In skeletal 

muscle and fat, glucose transport regulates glucose utilization (Berger et al., 1975). 

Growth hormone and growth hormone releasing factor might decrease glucose utilization 

in skeletal muscle and fat by decreasing glucose transporter expression in these tissues, 

thereby causing a shift in glucose from these tissues to the mammary gland (Zhao et al., 

1996). Glucose is the major precursor for the lactose sj'nthesis. The rate of lactose 

synthesis is considered to be an important factor in the control of milk yield (Neville et 

al., 1983). Lactose draws water osmotically into the milk (Neville et al., 1983). Glucose 

transport is mainly mediated by the facilitative glucose transporter GLUTl, in the 

lactating mammary gland (Zhao et al., 1996). Zhao et al. (1996) reported that neither 

bovine growth hormone or bovine growth hormone releasing factor alter the amount of 
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GLUTl in manunary cells. Bauman et al. (1988) found that bovine growth hormone 

does not change plasma glucose concentrations in lactating cows, but may increase blood 

flow rate to tiie mammary gland and decrease glucose utilization for triacylglycerol 

synthesis. 

Effect of matemal glucose infusion on neonatal lamb development 

Infusion of glucose to ewes for 5 to 7 d prepartum resulted in higher matemal 

plasma glucose concentrations up to 1 to 1.5 h before lambing compared with the control 

group (Clarke et al., 1997). Clarke et al. (1997) concluded that matemal glucose infiision 

estimates development of the fetal sympathetic nervous system during late gestation, but 

does not seem to improve postnatal survival. 

In high-grain diets, plasma glucose concentrations in ewes were higher than ewes 

consuming a high forage diet on d 20,40, and 48 of lactation immediately before the 

moming feeding and was not affected by diet for the first 3 h after feeding; however, 4.5 

h after feeding, ewes on the high forage diet had similar plasma glucose concentiations 

(Susin et al., 1995). Dhiman et al. (1991) reported that as forage increased in ewe diets, 

blood glucose concentration decreased. 

Insulin and glucagon regulation of gluconeogenesis 

Glucose metabolism changes from prenuninating to the mminating state in calves 

(Leaf, 1970). The liver capacity of preruminating animals to metabolize L-lactate or 

pyruvate to glucose is two- to three-fold greater than weaned or adult sheep, but the basal 
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metabolic rate of hepatic gluconeogenesis from propionate is similar in newbom, 

weaned, and adult sheep. 

Donkin and Armentano (1995) evaluated the conversion of propionate and lactate 

in response to insulin and glucagon ti-eatinents in preruminating (7 to 14 d) and 

ruminating calves (11 to 12 wk) of age. Donkin and Armentano (1995) reported a 10-

fold increase in glucose production from lactate in hepatocytes from premminating than 

from ruminating calves. The use of lactate to produce glucose is greater in preruminating 

animals tiian in ruminating animals, which might be linked to mminal development, but 

is not clear at this time (Donkin and Armentano, 1995). 

Hugi et al. (1997) reported 60 - 70 and 90 - 200-kg calves consuming milk-

replacer with 290 and 423 g lactose/kg of DM had peak glucose concentrations at 90 to 

120 min after feeding in early and late growth periods. Similar resuUs were observed 90 

to 120 minutes after glucose was administered IV to calves that were not fed milk-

replacer (Hugi et al., 1997). In both milk replacer-fed and glucose-infused calves, peak 

glucose concentrations were approximately 9 mmol/L for the early growth period and 

11 mmol/L for the late growth period (Hugi et al., 1997). 

Concentrations of glucose in postnatal beef calves 

Blood samples were taken from beef cows and their calves 24 h after birth and 

then on 2, 3,4, 6, 8, and 14 d after birth and evaluated for glucose concentration (Lents et 

al., 1998). Lents et al. (1998) reported that plasma glucose concentration was higher in 

calves compared with the cows on d 2, but cows glucose concentrations were higher from 
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d 1 to 2. Cows with moderate BCS (5.0) before calving had offspring with higher plasma 

glucose concenti-ations than cows with a BCS of (5.5) prior to calving (Lents et al., 

1998). Glucose was higher in calves that had nursed compared with ones that had not 

nursed before to sampling (Lents et al., 1998). Lents et al. (1998) found a negative 

correlation between birth weight of calves and serum glucose concentration. 

Serum profiles in cows fed a complete diet 

Significant feed deprivation-induced changes in mminal VFA (Bergman, 1990), 

and plasma glucose (Rule et al., 1985) concenti-ations have been reported in cattle. 

Ndibualonji et al. (1997) reported that niti-ogen restiiction in the diets induced a decrease 

in average plasma glucose in nonlactating and nonpregnant cows, where as energetic 

restiiction decreased final BW, average ruminal acetate, and total VFA production. 

Moming postprandial periods had higher plasma glucose concentrations compared with 

the afternoon postprandial period, with the noctumal interprandial period having the 

lowest plasma glucose (Ndibualonji et al., 1997). In mminants consuming a complete 

diet, acetate and to the lesser extent butyrate, is the main oxidative fuel, and propionate is 

the main glucogenic substrate (Bergman, 1990). Ruiz et al. (1989) reported that feeding 

sheep four times daily improved N retention and decreased the diumal variation of all 

ruminal variables compared with once daily feeding. This improvement in N retention 

associated with increased feeding frequency is a result of a more efficient tissue 

utilization of N (Ulyatt et al., 1984) or could be partially be a result of a decrease in 

muscle protein catabolism during the night (Ndibualonji et al., 1997). Ndibualonji et al. 
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(1997) concluded that whatever the nifrogen and or energy supplies of the diet, a large 

energy deficit occurs 16 h after the beginning of the last meal. 

Body condition at parturition and postpartum weight gain 
on glucose in cows and ewes 

Changes in body weight as a result of nutrient intake are highly correlated with 

changes in body condition score (BCS)(Vizcarra et al., 1997). Therefore body condition 

scoring is a reliable method to evaluate body energy or fat reserves of beef cows (Wagner 

et al, 1988). Adams et al. (1987) reported that concentrations of plasma glucose were 

affected by BCS. Vizcarra et al. (1997) reported differences in plasma glucose at the 

onset of the breeding season in cows in different geographical locations. Glucose 

concentrations were greater in cows receiving a high postparttim nutritional diet than in 

cows on a moderate postpartum nutritional diet (Vizcarra et al., 1997). Young (1977) 

reported that less than 10% of the total glucose utilized by ruminants is absorbed as 

glucose from the gut. Dietary carbohydrates are fermented to VFA in the mmen, and 

propionate is the major contributor to gluconeogenesis. Baird et al. (1983) added that 

recycling of glucose carbons as lactate, pyruvate, and alanine, which can be reconverted 

to glucose by gluconeogenesis also could conserve glucose. An increased level of energy 

supplementation in cattle is associated with increased glucose concentrations (Vizcarra et 

al., 1997). Glucose is the main precursor of lactose in cows, and glucose demand is 

highest during early lactation (Vizcarra et al., 1997). Rusche et al. (1993) reported a 

decrease in plasma glucose in cattle supplemented with high-mminal escape proteins. 

Rutter and Manns (1991) reported that losses in BCS and (or) weight loss are closely 
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associated with decreased plasma glucose concentrations. Vizcarra et al. (1997) reported 

that cows with a BCS of 6 at calving had significantly higher glucose than cows with a 

BCS of 4 or 5 at calving. 

Comparison of glucose metabolism in sheep and cattle 

Smith and Prior (1986) reported that the most pronounced difference between 

ovine and bovine adipose tissues was related to glucose metabolism. Total glucose 

utilization by ovine adipose tissue was stimulated two-to-three fold by the addition of 

acetate and lactate, reflecting large increases in CO2 production compared with bovine 

adipose tissue (Smith and Prior, 1986). 

Milk production and Aspersillus orvzae effects on milk production 

Ewe milk production and lamb production 

The greatest cost in sheep production is feed cost. Feed conversion in lambs fed 

to reach slaughter weight is critical for profitability in sheep production. Crouse et al. 

(1981) reported that Rambouillet lambs require more time on feed to reach slaughter 

weights and typically have undesirable, fatter carcasses compared with Suffolk x 

Rambouillet crosses. Ramsey et al. (1998) compared Suffolk and Targhee lambs for 

nutiient efficiencies and production. Milk production tended to be higher for Suffolk 

ewes and they sustained a higher level of milk production tiirough lactation, but lost more 

body condition, whereas Targhee ewes had higher milkfat, CP, lactose, and milk solids 

through lactation (Ramsey et al., 1998). Targhee ewes had higher BUN concentiations. 
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but had lower DMI than Suffolk ewes. The higher DMI and N recycling by the Suffolk 

ewes could be in response to the loss of body condition (Ramsey et al., 1998). Targhee 

ewes also produced 85% more wool than Suffolk ewes during lactation (Ramsey et al., 

1998). Ramsey et al. (1998) attributed these efficiency and carcass differences to either 

nutrient intake or partitioning of nutiients between the two genotypes. 

Influence of Aspersillus orvzae on milk yield 

Gomez-Alarcon et al. (1991) reported that lactating Holstein cows supplemented 

with AO had increased milk yields only at the second and eight weeks of the 12-wk trial. 

Digestibility of DM, OM, CP, NDF, and ADF was increased with AO supplementation 

(Gomez-Alarcon et al., 1991). Through the entire 12-wk study milk yield, efficiency of 

milk production and nutrient digestibility were higher for early lactating cows on a high-

concentrate diet that was supplemented with AO (Gomez-Alarcon et al., 1991). 

A 17% increase in FCM was observed in lactating dairy cattle that were mminally 

inoculated with adapted ruminal bacteria cultures (Jahn et al., 1973). The addition of 

fungal extracts increased milk fat content when added to lactating dairy cattle diets 

(Owen etal., 1971). 

Effect of Aspersillus orvzae on the complete lactation in dairy cows 

Kellems et al. (1990) reported increased milk flow and fat corrected milk (FCM) 

in the latter stages of lactation in Holstein cows when AO was in the diet and milk 

production was highest in early lactation for cattle tiiat had only Amaferm added to the 
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diet compared to the control and Amaferm plus a vitamin-mineral supplement. 

Percentage of milk fat production was not different between the confrol or freatment 

groups (Kellems et al., 1990). No differences were observed in feed consumption for the 

control, Amaferm, or Amaferm plus vitamin-mineral supplement (Kellems et al., 1990). 

Effect of milk yield on biological efficiency of beef production 
from birth to slaughter 

Lewis et al. (1990) reported that increasing milk yield of cows increased slaughter 

weights of calves. Increased milk yield is associated with increased maintenance 

requirements, which accomit for 50% of energy required for beef production (Ferrell and 

Jenkins, 1984). Miller et al. (1999) reported a high association between increased hot 

carcass weights and increased milk yields. Positive tiends of carcass weight per day of 

age of slaughter were reported (Miller et al., 1999). Lewis et al. (1990) and Miller et al. 

(1999) found similar results, showing that milk yield influenced preweaning growth and 

that on increase in growth was still evident when the calves entered the feedlot. No 

differences were observed in feed intake between the dams of the groups of cattle in the 

Miller et al. (1999) study. Li the preweaning phase of the trial, increased milk yield of 

tiie dam resulted in decreased average daily energy intake from creep feed, but had no 

effect on feedlot performance (Miller et al., 1999). These resuUs were similar to those of 

McMorris and Wilton (1986). During lactation BCS decreased with the higher milk-

yielding dams, but was increased to the same BCS during the non-lactating period (Miller 

et al., 1999). Miller et al. (1999) concluded that increased milk yield leads to heavier 

weaned calves, but heavier weaning weights are offset by additional feed costs. 
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Effects of feeding a high-grain diet at restricted intake 
on lactation in ewes 

The nutrient requirements of ewes increase in early lactation, especially ewes 

nursing twins or triplets. A negative energy balance is the result, which causes the ewe to 

use body reserves and can adversely affect milk production and lamb growth. Feeding 

high-grain (com-based) diets has been used to meet energy needs of ewes during 

lactation. High-grain diets typically result in increased propionate production in the 

rumen, which compensates for the negative energy balance. Polypay ewes consuming a 

high-grain diet maintained there BCS and BW compared with ewes fed a high-forage diet 

(Susin et al., 1995). This finding was in agreement with Tessman et al. (1991), who 

reported that as forage in the diet increased, BCS of dairy cattle tended to decrease. 

Using Polypay ewes, Susin et al. (1995) reported a 19% greater daily milk 

production, greater daily milk protein, and lower percentage of milk fat in ewes 

consuming a high-grain diet compared with ewes on a high-forage diet. The diet did not 

affect milk fat production (grams/day) or lamb grov̂ ĥ rate (Susin et al, 1995). Milk fat 

is the main energy source of preruminants (Walker, 1979). Even tiiough milk protein was 

higher in the high-grain diet, their offspring did not have any higher daily gains (Susin et 

al., 1995). Doney and Peart (1976) reported that the proportion of dietary energy from 

milk in the lamb diet decreased from 88% at 5 wk to 34% at 10 wk age. 
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Weigh-suckle-weigh and machine milking comparison 
for ewe milk production 

Ewe milk production is the most important factor in determing the growth rate of 

lambs (Torres-Hemadez and Hohenboken, 1979). Weigh-suckle-weigh (WSW), hand 

milking, machine milking, and body water dilution techniques have been used to 

determine milk yield in ewes. Benson et al. (1999) compared the WSW and milking 

machine methods to determine milk yield in ewes rearing single or twin lambs. Milk 

yield was measured for a 3 h period and then was extrapolated to a 24 h milk yield for 

both methods (Benson et al., 1999). Limitations of WSW include an inaccuracy of small 

amoimts of milk consumed, changes in lamb appetite, difficulty in obtaining samples for 

composition analysis, and errors caused by fecal and urine loss, whereas with the milking 

machine method all these limitations are eliminated. Nonetheless, ewes need to be 

administered oxytocin to ensure milk letdown (Benson et al., 1999) when the milking 

machine is used. Milk production in sheep peaks around 21 d for ewes with single lambs 

and 28 d of lactation for ewes rearing twins, and decreasing thereafter (Benson et al., 

1999). The type of rearing also influences milk production (Benson et al., 1999). 

Benson et al. (1999) concluded that the techniques they evaluated yielded similar milk 

production estimates, but over the entire smdy, milking machine estimates were more 

constant than the WSW method. The erratic estimates in early lactation of the WSW 

group were most likely a result of lambs nursing more often and not having enough 

stomach capacity to hold 3 h of milk production (Benson et al., 1999). hi matiire ewes 

the NRC (1985) reported that ewes rearing twins produced 20 to 40% more milk tiian 

ewes rearing singles. 
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Immunity and factors affecting immunoglobulin concenti-ations 

Immunity 

Humoral immunity refers to immunity to infection conferred by proteins termed 

antibodies. Antibodies (immunoglobulins: Ig) are proteins of molecular weight 15,000 to 

900,000 kd (Sheldon, 1998). One end of the Ig binds to antigens, and the other end, 

which is crystallizable, is responsible for effector functions (Sheldon, 1998). The five 

classes of Ig are IgM, IgG, IgA, IgD, and IgE, plus four subtypes of IgG (IgGl through 4) 

and two subtypes of IgA (IgAl and 2; Sheldon, 1998). Immunoglobulins are found in 

serum and in secretions from mucosal surfaces (D.S.H.I., 1996). They are produced and 

secreted by plasma cells, which are found mainly within lymph nodes and that do not 

circulate (D.S.H.I., 1996). Plasma cells are derived from B-lymphocytes. IgA exist in 

monomeric and dimeric forms, whereas IgM is in a pentameric form (Sheldon, 1998). 

IgA molecules receive a secretory component from the epithelial cells into which they 

pass (Sheldon, 1998), which is used to transport them through tiie cell and remains 

attached to the IgA molecule within secretions at the mucosal surface (Sheldon, 1998). 

Each antibody molecule consists of two light chains and two heavy chains of amino acid 

sequences (Sheldon, 1998). The regions that bind to antigens are highly variable, 

whereas other regions are relatively constant (Sheldon, 1998). The constant region 

determines the type of Ig (Sheldon, 1998). 

Antibodies are synthesized by lymphocytes (one variety of white blood cell). 

Lymphocytes can be T (thymus processed) or B (bone marrow processed). The B-

lymphocytes produce antibodies in two forms: a membrane bound form that interacts 
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with antigens or a secreted form (Sheldon, 1998). The B cells make antibodies all with 

the same specificity, and through mitotic division, produce clones with the same 

specificity (Sheldon, 1998). 

Antigens have determinants called epitopes that are recognized by antibodies so 

that the antibody only has to recognize one epitope rather than the entire antigen 

(Sheldon, 1998). Antigens can be proteins, lipids, or carbohydrates, and the antigen can 

be made up of many different epitopes or many repeated epitopes (Sheldon, 1998). The 

B-lymphocytes evolve into plasma cells under influence of T-cell released cytokines 

(Anonymus, 1998). Plasma cells secrete antibodies in greater amoimts, but do not divide, 

existing in lymphoid tissues, not blood. Other B-cells circulate as memory cells 

(Anonymus, 1998). 

The B-lymphocytes are formed in the bone marrow, and when released, they 

interact with antigen epitopes via their Ig receptors. They subsequently develop into 

plasma cells and secrete large amounts of specific antibodies or circulate as memory cells 

(Sheldon, 1998). 

Antibodies that are membrane bound to B-lymphocytes capttire antigens for 

which they have specificity, and take the antigen into the cell cytoplasm for fiirther 

processing (Anonymus, 1998). Free antibodies have several fiinctions including 

agglutination of particle matter of bacteria and viruses (Anonymus, 1998); the IgM type 

of antibody usually does this fimction (Anonymus, 1998). hnmunoglobulin G is 

especially suitable for opsonization, the coating of the bacteria tiiat facilitates the 

phagocytosis by cells possessing a specific receptor (neuti-ophils or polymorphonuclear 
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leucocytes; Sheldon, 1998). Immunoglobulin G also neufralizes toxins released by 

bacteria (tetanus toxin; Anonymus, 1998). Antibodies can immobilize ciliated or 

flagellic bacteria so they cannot escape phagocytosis (Sheldon, 1998). hnmunoglobulin 

M and G also can cause perforations in the cell wall of the bacteria that cause osmotic 

imbalance and bacterial cell death (Sheldon, 1998). hnmunoglobulin A and some G 

provide mucosal protection by inhibiting pathogen attachment to mucosal surfaces 

(Sheldon, 1998). One function of IgE is observed in parasitic infection, in which specific 

IgE attach to mast cells of the intestine, leading to smooth muscle contraction causing 

diarrhea and expulsion of the parasites (Sheldon, 1998). Antibodies can bind to 

organisms allowing natural killer cells to attach and kill the organism by the release of 

toxic substances called perforins (Sheldon, 1998). Immunoglobulin G is the only type of 

Ig that can pass across the placenta and enter the fetal circulation to provide immune 

protection to the fetus (Sheldon, 1998). 

Primary antibody response is observed several days after exposure to an antigen 

and is the IgM type (Anonymus, 1998). The level of IgM decreases after a short time, 

but when exposed to the same antigen at a later date, there is a quicker appearance and 

greater amount of antibody in the form of IgG, IgA or IgE, which can remain detectable 

for months or years (Anonymus, 1998); this is termed secondary response. The reason 

for a change in type of Ig between primary and secondary response is because of 

cytokines released by T-cells and that during the primary response, some of tiie B-

lymphocytes became memory cells (Sheldon, 2001). 
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frifants are bom witii relatively weak immune responses (Foster and Frisby, 

1998). They have passive immunity, which protects them for the first few months of life 

(Foster and Frisby, 1998). They receive this immunity from their mothers (Foster and 

Frisby, 1998). The IgG antibody travels across the placenta and gives the fetiis immunity 

to the same microbes to which the mother is immune (Foster and Frisby, 1998). Children 

that nurse receive IgA from breast milk, which protects the digestive tiact (Anonymus, 

1998). Passive immunity also can be conveyed by antibody-containing semm obtained 

from individuals who are immune to specific antigens (Anonymus, 1998). Passive 

immunity typically lasts only a few weeks (Anonymus, 1998). All antibodies derived are 

from the mother either via her blood through the placenta or from the colostrum of the 

dam (Jainudeen and Hafez, 2000). Passive immunity through the placenta is variable 

depending on species. Some species are capable of placental transfer of Ig and others are 

not. Passive immunity through the colostmm occurs up to the first 36 to 48 h postpartum. 

Colostrum is a highly concentrated mixture of large protein antibody molecules, 

vitamins, elecfrolytes, and nutrients (Jainudeen and Hafez, 2000). Neonates can absorb 

these large molecular proteins (Ig) across the intestinal wall for the first 36 to 48 h of life. 

Thereafter, these proteins are broken down (lose their immune function) and are absorbed 

as peptides and amino acids (Jainudeen and Hafez, 2000). The higher the titer in the 

dam, tiie higher the level and longevity of passive immunity (Foster and Frisby, 1998). 

Active immunity can be triggered by infection and vaccination (D.S.H.I., 1996). 

Vaccines contain microorganisms that have been altered (killed or modified live), so as 
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not to induce the fiiU-blown disease (Anonymus, 1989). Active immunity is the same in 

people and animals. 

The placental sti-ucttire differs across species (Jainudeen and Hafez, 2000). The 

shape is determined by the distribution of villi over the chorionic surface (Jainudeen and 

Hafez, 2000). fri mminants, the fetal cotyledons fuse with camncles to form placentomes 

(Jainudeen and Hafez, 2000). In cows, the camncles are convex, and they are concave in 

sheep and goats (Jainudeen and Hafez, 2000). Sheep have approximately 90 to 100 

placentomes distributed over both homs, and cattle have between 70 and 120 distiibuted 

around the fetus and progressing toward the distal hom (Morrow). 

The placental barrier separates the fetus from the matemal circulation (Jainudeen 

and Hafez, 2000). Structural differences occur in the epiteliochorial placenta in farm 

animals (Jainudeen and Hafez, 2000). 

Fetal and matemal circulation run parallel but does not intermingle in the 

epitheliochorical placentas of farm species (Jainudeen and Hafez, 2000). Sodium and 

other electrolytes cross the placenta by simple diffusion (Bell, 1993). fron is abundant in 

the fetal liver, spleen, and bone marrow (Bell, 1993). Copper is readily transferred across 

the bovine placenta (Jainudeen and Hafez, 2000). Copper and iron accumulate in the fetal 

liver but not Mn (Jainudeen and Hafez, 2000). Calcium and P enter fetal blood against a 

concentration gradient (Bell, 1993). Immunoglobulins are ti-ansferred across the placenta 

in humans but not in farm animals. 
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Cellular defense mechanisms in the udder of lactating animals 

In healthy animals, production and destiniction of neutrophils is tightly regulated, 

which keeps tiieir number in the blood, milk, and tissue constant (Jain, 1986). 

Neufrophils mature in the bone marrow and are released into the circulation, where they 

spend approximately 9 h before migrating into tissue (Carlson and Kaneko, 1975). 

Migration of neufrophils into mammary tissue occurs at a low level and they are only 

viable for 1 to 2 d, before dying (Squier et al., 1995). Squier et al. (1995) reported that 

senescent neutrophils presumably undergo apoptosis before ingestion by macrophages, 

which prevents unwanted disintegration in vivo that would cause release of toxic 

chemicals and cause mammary tissue damage. Akers and Thompson (1987) stated that 

chemotactic factors produced by infectious bacteria and other immune responses signal 

and cause an influx of neufrophils to the tissue in distress. These neutrophils rapidly 

migrate to mammary tissue inflammation. This influx of neutrophils results in 

elimination of the infection but can cause tissue damage that leads to fibrosis and 

impaired mammary function (Akers and Thompson, 1987). Miller et al. (1993) reported 

that the mode of action of neutrophils in response to infection is first reactive oxygen 

metabolite generation, which is a cellular respiratory burst, and second, granular enzyme 

release, which is the degranulation step. 

Pathogen ingestion by neutrophils is mediated by antibodies (Ig) and complement 

that bind to bacteria in a process called opsonization (Paape et al., 1996). The 

complement is a complex series of blood proteins whose action "complements" the work 

of antibodies (Paape et al., 1996). Opsonization is the coating of an organism with 
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antibodies or a complement protein (Paape et al., 1996). Neutrophil receptors for Ig and 

complements act as bridges between the neutrophil and pathogen (Paape et al., 1996). 

Interferon-gamma, a T-cell derived cytokine is secreted in response to inflammation, 

which causes an influx in IgG2 receptors, thereby allowing the neutrophil increased 

receptors for a more efficient recognition of opsonized bacteria, resulting in an expedient 

ingestion and elimination of the pathogen (Worku et al., 1994b). In the phagocytosis of 

the pathogen, cytosolic granules fuse with a invagination on the plasma membrane to 

form the phagolysosome, into which they release their contents, which creates a highly 

toxic microenvironment (Paape and Wergin, 1977). Under normal conditions, blood 

contains a mixture of normal, primed, activated, and senescent neutrophils, and not all 

circulating neufrophils are phagocytically, chemotactically, and oxidatively active (Paape 

et al., 1978). Tumor necrosis factor is a potent activator of leukocytes, enhancing the 

phagocytosis and killing of mastitis pathogens by bovine neutiophils (Kabbur and Jain, 

1995). 

Factors affecting immunoglobulins in ewe colostrum and lamb semm 

Single radial immunodiffusion was used to measure IgG concentrations in ewe 

colostrum and lamb semm 36 h postparttim (Gilbert et al., 1988). Gilbert et al. (1988) 

suggested that there might be a fetal stimulus to increase IgG levels in colostinim with 

multiple births in sheep. Lamb semm IgG decreased as number of births (birtii type) 

increased (Gilbert et a l , 1988). Significant differences were found in sire within breed, 

birth type, and the two covariates (dam colosfral IgG concenfration and day bom; Gilbert 
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et al, 1988). Ewes from a Polypay sire had significantly higher IgG concentrations than 

ewes from Finn Landrace and Finn cross sires, which had higher levels of IgG than ewes 

from Rambouillet, Columbia, and Targhee sires (Gilbert et al, 1988). For 36-h 

postpartum serum IgG concentration, when considered as a trait of the lamb, sire within 

breed, birth type, day bom, and regression on dam's colosfral IgG were significant. 

However, when the 36-h lamb semm IgG concentration was considered as a trait of the 

ewe, only breed of sire of the ewe was significant (Gilbert et al., 1988). No differences 

were observed between male and female 36-h serum IgG concentrations (Gilbert et al., 

1988). Klobasa et al. (1998) reported a wide range of colostral IgG concentrations in 

samples collected from 14 cows. Kruse (1970) and Logan (1977) reported similar 

findings. 

Prepartum nutrition effects on postpartum milk yield, 
hnmunoglobulin. and neonate growth 

Cows fed low-energy had twice the IgG concentrations compared to those fed 

high-energy (Shell et al., 1995). Prepartum nutiitional restiiction affects the ability of 

calves to absorb Ig from colostrum (Blecha et al., 1981). Boitumelo (1989) reported a 

decrease in intestinal absorption caused by aherations in the intestinal mucosa of 

newborns whose dams were fed a restricted diet. Peart (1967) reported that prepartum 

nutiition did not affect postpartum milk production in sheep. Collier et al. (1982) 

observed a positive correlation between calf birtii weight and subsequent milk yield, and 

suggested that calf birth weight might influence postpartum milk yield. Similar findings 

were reported by Shell et al. (1995). 
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Breed and colostrum effects on cold tolerance 

Blood glucose concenfrations are associated with thermogenesis in lambs through 

increases in lipogenesis and heat production (Alexander, 1962). Hamadeh et al. (2000) 

found no difference in glucose concentrations in newbom lambs (1-h old) before being 

fed colostrum or exposed to a cold chamber (30 min at 0°C) compared to the non-

chambered lambs, but an increase of 43% in glucose concentrations was observed in the 

neonates after 30 min of cold exposure compared with the non-exposed lambs. Eales and 

Small (1981) reported a two-fold increase in plasma glucose concentrations between birth 

and 4 h of age in colostrum fed lambs. Breed (Rambouillet or Targhee) did not affect 

glucose or BUN concentrations (Hamadeh et al., 2000). Hamadeh et al. (2000) reported 

that a lack of colostrum intake in the first hour of life causes a dramatic lowering of body 

temperature. According to Clarke et al. (1997), survival of neonates during the first hour 

postpartum depends on energy supply from body reserves and colostrum intake. Cold 

tolerance mechanisms include both shivering and non-shivering responses (Alexander, 

1979). Clarke et al. (1997) stated that non-shivering thermogenesis is fueled by brown 

adipose tissue and is the major source of heat production of the neonatal lamb in the first 

hour of life. Lamb birth weight, dam age, dam weight, and body condition did not 

significantly affect lamb body temperatiure when tested as covariates (Hamadeh et al., 

2000). 
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Comparison of hair and wool sheep production in the United States 

Hair and wool sheep in the United States 

Hair sheep make up approximately 10% of the world sheep population (Bradford 

and Fitzhugh, 1983). Most hair sheep breeds originated in tropical environments and are 

adapted to hot, humid areas. 

There are several hair sheep breeds in the US, including St. Croix (SC), Barbados 

Blackbelly (BB), and composite breeds such as the Katahdin (K) and DorpCroix (DC). 

Barbados Blackbelly and St. Croix ewes typically have mamre weight of 32 to 54 kg with 

Katahdin, Dorper (D), and DorpCroix ewes weigh from 55 to 73 kg (Wildeus, 1997). 

Hair sheep and hair sheep composites have lower rectal temperatures, respiration rate, 

DMI, and water intake than wool breeds (Wildeus, 1997). In the tropical areas hair sheep 

breed throughout the year, not showing photoperiod-induced anestrous (Bradford and 

Fitzhugh, 1983). Several advantages over wool breeds are increased resistance to intemal 

parasites and even with seasonal breeding in the US photoperiodic conditions; they have 

better performance in accelerated lambing systems (Wildeus, 1997). Higher fertility, 

prolificacy and lamb survival are observed in hair sheep compared with wool breeds 

(Wildeus, 1997). Hybrid vigor is increased when hair sheep and wool sheep are 

crossed, and these crosses also tend to have even higher fertility, productivity, and 

perform better in accelerated lambing programs than do either hair or wool breeds 

(Wildeus, 1997). Hair breed and wool breed carcass characteristics comparisons have 

been variable. Hair and wool crossbreeds, are often well suited for low-input, sustainable 
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production systems that do not require high growth rates and large carcasses (Wildeus, 

1997). 

Barbados blackbelly breed 

The United States Department of Agriculttire (USDA) imported Barbados 

blackbelly sheep from the Caribbean to the US in 1904. hi the 1970s, as many as 

300,000 Barbados Blackbelly sheep were reported in a census on the Edwards Plateau in 

Texas, but numbers have decreased dramatically over the past 30 yr (Bixby et al. 1994). 

Because of crossbreeding with Moulfon and Rambouillet in the US, the Barbados 

blackbellies differ from their native counterparts in the Caribbean. Crossbreeding 

resulted in the males with homs and the ewes that are less prolific. Matiu-e body weight 

ranges from 32 to 44 kg, and ewe lambs reach puberty at approximately 215 d of age. 

Average prolificacy is 184%, with 78.5% of lambs surviving to weaning (Fitzhugh and 

Bradford, 1983b). 

St. Croix breed 

St. Croix hair sheep, from the Virgin Islands were imported in 1975 into the US. 

Only 22 ewes and three rams were imported, which multiplied in Utah and were 

dispersed to different research facilities throughout the US (Foote, 1983). hi 1990, there 

were 300 animals registered in the US (Bixby et al., 1994). St. Croix ewes in the Virgin 

Islands typically grow to a mature body weight of 35 to 45 kg, with a prolificacy of 144 

to 189%. They display a wide range in phenotypes and color pattem (Wildeus et al.. 
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1991c). In tiie US, St. Croix ewes grow to different body weights and reach puberty at 

different ages depending on the climatic environmental conditions. Wildeus et al. 

(1991c) reported a mature body weight of 34 kg, puberty at 6 to 9 mo depending on 

nutiition, 150 % lambing rate, and 85% lamb weaning rate in Florida, whereas Foote 

(1983) reported 54-kg mature ewe weights and 212% lambing rate in Utah. According to 

Evans et al. (1991), St. Croix ewe lambs reached puberty earlier (150 to 175 d) and at 

lighter body weight (30 to 36 kg) than Rambouillet and Suffolk ewes. 

Katahdin breed 

The Katahdin breed is a composite that was developed in the US in the 1950s 

from crosses with Wiltshire Hom and Suffolk and Virgin Islands White sheep. The 

primary selection of the breed has been for growth rate, mutton conformation, 

prolificacy, and against homs and wool. Most are white, but they can be multicolored. 

There were 825 registered in the US in 1990 (Bixby et al., 1994). Mature body weight 

range from 55 to 73 kg for ewes and 68 to 90 kg for rams. The Katahdin has a 

prolificacy and lamb survival of 168%, with a 55% chance of multiple births and an 80 to 

85%» lamb survival rate until weaning (Pond et al, 1991). 

Dorper breed 

The Dorper is a cross of Dorset Hom and Blackhead Persian. The cross was 

made in the 1940s with the intension of producing a sheep that was highly adaptable to 

harsh conditions and slaughter lamb production. Dorper sheep were reported as being 
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late maturing compared with Romanov and Romanov crosses Greeff et al. (1993) and 

Finnsheep composites (Schoeman et al., 1993). Mature body weights are approximately 

60 kg for ewes; they have a fertility rate of 85% and a 94% lamb survival to weaning 

(Schoeman and Burger, 1992). 

Environmental adaptation 

Hair sheep adapt to hot and humid climates with low-quality forages and a high 

level of parasite infestation better than tiaditional wool breeds. Ross et al. (1985) 

reported tiiat Barbados balckbellies (BB) and BB x Dorset cross ewes had lower rectal 

temperatures and respiration rates than Dorset ewes. In addition, late-pregnant Dorset 

ewes had higher rectal temperatures and respiration rates than BB and BB x Dorset cross 

ewes in a 33.8°C environmental chamber (Ross et al., 1985). The smdy of Ross et al. 

(1985) agreed with previous results by Goode et al. (1983). Horton et al. (1991) reported 

similar findings to Ross et al. (1985) with St. Croix (SC) hair sheep and Targhee wool 

sheep, and added that SC were able to maintain higher levels of feed intake as ambient 

temperature increased. 

In a Texas climate, BB sheep consumed more browse and the nutrient selection 

was intermediate compared with Rambouillet sheep and goats in the region (Wildeus, 

1997). Decreased water intake and DMI were found for SC compared with Dorset x 

Targhee crosses (Quick and Dehority, 1986). This finding was in conti-ast to Mann et al. 

(1987), that reported BB had higher DMI than Dorset rams, along with a decreased 

retention time and increased CP digestibility in BB x Dorset crosses compared with pure 
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hair and wool breeds. Katahdin had DMI and water intake similar to the Dorset 

(Wildeus, 1997). 

Parasites 

Barbados blackbelly and BB x Dorset ewes had lower fecal egg counts and 

greater resistance in the reinfection period after anthehnintic treatment than wool breeds 

in North Carolina (Yazwinski et al., 1979). However, Courtney et al. (1985) found no 

differences in parasite infection levels between BB and SC compared to Rambouillet and 

Finn-Dorset x Rambouillet crosses in Ohio. In Florida, young SC and BB had greater 

resistance to reinfection of parasites than wool breeds (Courtney et al., 1985). 

Reproduction 

Hair sheep typically breed year around in their native environment. In the US, 

breeding depends on environment and location. Goode et al. (1983), in North Carohna, 

reported in an accelerated lambing program that Dorset x BB cross ewes conceived in a 

May, mating when wool and wool cross ewes did not. In Ohio, SC and BB hair sheep 

had similar conception rates to wool breeds in the fall, and had similar conception rates to 

the Polypay and Dorset, but higher than those for Targhee ewes (Pope et al., 1989). 

hi single yearly breeding in Utah, SC had 62 and 84% conception rates in 

February/March breeding periods respectively (Foote, 1983). St. Croix hair sheep in 

their native range display estms and ovulate year round, but in Utah the ewes had a 

transition period in May and August and showed no estrus in June and July, but still 
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ovulated (Wildeus, 1991a). hi the US, postpartum ovulation was shortened by (9 d) 

compared to tiie St. Croix islands environment (Wildeus, 1991b). hi Ohio, Pope et al. 

(1989) found similar findings to Wildeus (1991b) of postpartum ovulation in SC ewes. 

Prolificacy 

hi the US, hair sheep have prolificacy rates of 1.40 to 2.25, but this varies with 

environment and location (Wildeus, 1997). hicreases of 0.1 to 0.2 lambs/ewe have been 

reported by crossing Finnsheep and hair sheep compared with either of the two breeds in 

the cross (Goode et al., 1983). 

Lamb survival 

Hair sheep lamb survival is higher than traditional wool breeds, but it varies with 

environment, location, and management scheme (Wildeus, 1997). Barbados blackbellies 

had 94 to 97% lamb survival to weaning in pasture conditions in North Carolina (Goode 

et al., 1983) and in Mississippi (Boyd, 1983). St. Croix sheep had a slightly lower 

survival rate with values of 66 to 79% (Pond et al., 1991). On average, hair x wool 

crosses have 4 to 15% higher lamb survival rates than wool breeds (Boyd, 1983; Foote, 

1983). St. Croix and BB-sired FI ewes had (92 and 89%, respectively) higher lamb 

survival rates to weaning than FI ewes sired by Finnsheep and Booroola Merino wool 

crossbreds (76 and 74%, respectively) in Illinois (Bunge et al., 1995). 
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Grov^h rates 

Hair sheep normally have lower growth rates than wool breeds in the US. 

Selection for low input production systems and harsh environmental conditions in which 

tiiey were developed could be part of the lower growth rates (Wildeus, 1987). Barbados 

blackbellies and BB x Dorset cross were reported of having an ADG of 48 g/d in North 

Carolina (Mann et al., 1987). St. Croix lambs on tiiefr native island had an ADG of 65 

g/d on pasture and increased to 140 g/d when supplemented (Wildeus and Fugle, 1991). 

Horton and Burgher (1992) reported that SC lambs had an ADG of 200 g/d, and BB 

lambs had an ADG of 175 g/d in New Jersey. Katahdin wethers had similar ADG (267 

g/d) compared to Dorset wethers (246 g/d; Horton and Burgher, 1992). St. Croix x wool 

crosses had similar ADG and gain/feed ratios compared to Polypay x wool breed 

(Phillips et al., 1995), but BB x Rambouillet crosses had lower ADG than blackfaced x 

Rambouillet cross sheep (Shelton, 1983a). 

Dry matter intake was less by SC and BB than by Dorset and Katahdin lambs 

(Horton and Burgher, 1992) and BB x Rambouillet lambs compared with Rambouillet 

lambs (Shelton, 1983a). 

Carcass characteristics 

Hair sheep breeds have smaller carcasses than wool breeds (Wildeus, 1997). 

Dressing percent did not differ between hair and wool sheep, but hair sheep have a 

smaller longissimus muscle area because of their smaller carcasses (Foote, 1983; 

McClure et al, 1991; Horton and Burgher, 1992). Backfat thickness and quality grades 
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of SC and BB were reported to be less than for Targhee lambs and other wool breeds 

(Boyd, 1983; Foote, 1983; Solomon et al., 1991). 

Comparative performance of Dorper cross and Rambouillet lambs 

Because of worldwide wool prices and loss of wool incentive payments to US 

producers, lamb production has become critical to the survival of the sheep industiy. 

Increasing numbers of lambs produced per ewe armually is one way to increase 

profitability and to offset low wool prices. 

Dorper sheep were developed in 1946 in South Africa. The Dorper is a cross of a 

Homed Dorset and Black-headed Persian (Schoeman and Burger, 1992). The Dorper has 

several advantages including improved growth rate, matemal characteristics, breeding 

throughout the year, carcass merit, and environmental adaptation to arid range conditions 

(Hefley, 1996). 

Dorper x Rambouillet cross lambs had heavier weaning weights and heavier 

carcass weights at slaughter than Rambouillet lambs (Moss et al., 2000). Dorper cross 

lambs also had higher carcass quality grades and leg scores than the Rambouillet lambs. 

Seventy-seven percent of Dorper cross lambs had a prime leg score compared with only 

48% of the Rambouillet lambs, but Dorper cross lambs had fatter carcasses than 

Rambouillet lambs (Moss et al., 2000). Moss et al. (2000) also reported that 11.9, 78.5, 

and 9.6% of the Dorper cross lambs had yield grades of 1 to 3, respectively, compared 

with the Rambouillet lambs, which had 39.7, 58.9, and 1.5% of carcasses witii yield 

grades of 1 to 3, respectively. 
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Physiological and carcass characteristics of hair and wool breeds 

Dorper (D) and Kathadin (K) lambs consumed more feed and water than both SC 

and BB lambs, but the D and K had greater gains than the SC and BB (Horton and 

Burgher, 1992). Horton and Burgher (1992) suggested that the decrease in water intake 

by the SC and BB lambs could be attributed to better adaptation to the hot climate. Feed 

efficiencies were similar among SC, D, and K, but all were greater than the BB (Horton 

and Biu-gher, 1992). Dressing percents were higher for BB and K than for SC or D lambs 

(Horton and Burgher, 1992). Additionally wool sheep had larger longissimus muscle 

areas than hair sheep (Horton and Burgher, 1992). Pond et al. (1989) found that as a 

result of the fattening of the carcasses of tropical hair breeds and the fact they tiiat mature 

earlier, tiiey should be slaughtered at tighter weights than British breeds, even though 

longissimus muscle areas would probably be smaller. 

Horton and Burgher (1992) reported that SC and K had higher PUN levels than 

BB lambs, possibly indicating more efficient dietary N utilization as a result of lower 

urinary urea excretion and greater N recycling (Allen and Miller, 1976). Plasma glucose 

concentrations in SC and D lambs were higher than in K lambs (Horton and Burgher, 

1992). 

Utilization of cotton byproducts in the feeding industry 

History 

Cotton gin trash (CGT) is a byproduct of the cotton ginning process. Cotton is 

brought into gins in bales, where it is processed to separate lint, cottonseed, cottonseed 
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hulls, and cotton burrs, leaving a mixture of leaves, stems, motes (immature seeds), soil 

particulate, some lint, and burrs. This leftover mixture is termed cotton gin trash (CGT) 

or some times referred to as cotton gin waste (CGW). hi the US, 2.5 million tons of CGT 

are produced annually in the cotton belt (US Agriculttire Census, 1997). The two 

mechanical harvesting methods used in cotton production are spindle or stripper. Reeves 

(1977) reported spindle-harvesting yields 36 to 105 kg of gin ti-ash per bale of lint ginned, 

compared to 260 to 670 kg of gin tiash per bale of lint in the stripping method (Kolarik et 

al, 1978). Before 1970, most CGT was incinerated, but because of the Clean Air Act of 

1970, burning of gin trash was abolished. The banning of incineration of CGT posed 

disposal problems for cotton gins. Disposal of CGT is an economic problem for ginners 

and cotton producers (Thomasson, 1990). Mayfield (1991) reported that ginners find 

CGT occupies yard space and poses a fire hazard. Bulk density of CGT is approximately 

7-kg/cubic meter. (Energy Management Corporation 1986), which is nearly twice the 

estimate of 2.94 kg/cubic meter reported by Kolarik et al. (1978). Currently most of CGT 

is either disposed of as solid waste disposal, spreading on the soil, composting, or by 

feeding to livestock. 

Thomasson (1990) reported that composted CGT is a better long-term fertilizer 

than composted manure, especially in potassium-deficient areas. Disposing of CGT on 

the soil presents problems with weed seed, insects, and diseases in soil particulates being 

spread (Thomasson 1990). Fryrear and Koshi (1974) reported increased lint yields when 

raw CGT was applied to fields at 1814 kg/ha. This increase was most likely a resuU tiie 

increase in water holding capacity when CGT is added to the soil (Fryrear, 1979; 
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no increases Mayfield, 1991). hi conti-ast, Pettygrove and McCutcheon (1982) reported 

in yields of cotton when applying up to 2900 kg/ha of CGT. Composting destroys weed 

seed germination, verticillium wilt organisms are destroyed, as there is a decrease in dry 

weight and volume of gin ti-ash by 50% (Willams et al., 1982). Composting of CGT did 

not increase crop yields or growth (Seiber et al., 1982), and it decreased sorghum 

germination but did not affect wheat, cotton, or tomato yields (Pettygrove and 

McCutcheon, 1982). Soil fertility was improved with the application of both raw CGT 

and composted CGT (Thomasson, 1990). Utilizing CGT as a source of livestock feed is 

another altemative, but because of differences in region of production, chemical residues, 

and hauling expense, extensive use is limited (Thomasson, 1990). Lalor et al. (1975) 

indicated that gin trash nutritive value varies widely among regions, but on average is 

comparable to bermuda and prairie grass hay. The value of CGT is estimated at $27.5/t 

(Mayfield, 1991). In addition, the possibility of herbicide and pesticide residues and the 

associated habilities limit use, especially by dairy cattie (Mayfield, 1991). However, 

according to a more resent smdy by Mayfield (1994), crop-production chemical residues 

in CGT have decreased since the 1970s. The chemicals used now also have shorter half-

lives (Mayfield, 1994). Thomasson (1998) concluded that mixing CGT and cottonseed, 

and then extruding the mixture would mask the low value of CGT by the value of the 

cottonseed. The mixing and extmding would decrease the level of chemical residues in 

the CGT and gossypol levels of the seed by a dilution effect and by the heat and pressure 

of the extrusion process (Thomasson, 1998). 

64 



Extioision 

Extiusion is a type of food and feed processing that increase the bulk density and 

normally increase nutiitional value of a product. Wang et al. (1993) described extmsion 

as a process tiiat uses a moist starch or proteinaceous food that is worked into a viscous 

plastic-like dough mix, cooked, and then forced through a die. The cooking of the 

product causes gelatinzation of starch, denaturation of protein, inactivation of toxic 

substances and a decrease in microbial counts (Wang et al., 1993). There are both hot 

and cold exti-usion methods. Cold extmders are designed to extiiide a material without 

using heat or cooking to alter tiie properties of the product. In addition, the cold 

extmsion design is used for sizing of a product with slow turning shafts for low shear 

(Williams et al., 2000). Hot extrusion uses heat generated by shear and friction from 

rapidly rotating shafts turning against the product being extmded (Williams et al., 2000). 

The heat generated is almost always sufficient to vaporize water, which cooks the 

product, causing a puffing of the product as it exits the extmder through a die (Williams 

et al., 2000). Heat also can be added via live steam injection into the plasticized mass or 

through external heated shafts and barrel heaters (Williams et al., 2000). Heat exceeds 

270°F, with a residual time of 20 sec, which sterilizes the product by killing 

microorganisms (Williams et al., 2000). 

Many seeds such as soybeans contain inactivators of protein-digesting enzymes 

(Williams et al., 2000). Trypsin is one of these inactivators (Williams et al., 2000). 

Extmder cooking can inactivate tiypsin inhibitor, in soybeans (Williams et al., 2000). 
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Effects of extrusion on dietary fiber, total fat, total starch 

Effects of extrusion on total dietary fiber have varied. Extirision significantly 

decreased total dietary fiber (TDF) in wheat and wheat bran compared with the raw 

sample (Wang et al., 1993). This finding was in contrast to the results of Bjorck et al. 

(1984), who reported increased TDF after extmding white and whole-wheat flour; similar 

results were reported when extruding whole meal barley (Ostergard et al., 1989). 

Total fat tended to be lower in wheat bran and whole wheat after extmsion than 

in the raw samples (Wang et al., 1993). Extmsion cooking causes swelling and mpture of 

starch granules, modification of crystalline spectra, cold water soulubility and re 

decreased viscosity of starch, and partial, to complete, release of amylose and 

amylopectin (Cheftel, 1986). Extiusion decreased the percentage of starch in wheat and 

wheat bran compared with the raw product (Wang et al., 1993); however, enzyme 

susceptible starch was increased with the extixision process (Wang et al., 1993). Wang et 

al. (1993) concluded that complete starch gelatinization did not occur because moisture 

was limiting. 

Effects of extrusion on water absorption and bulk density 

Wang et al. (1993) reported higher water absorption in wheat bran than whole 

wheat before to extiusion; however after extiusion, water absorption increased for the 

whole wheat and was greater than the wheat bran (Wang et al., 1993). This is in contrast 

to the findings of Ralet et al. (1990), who reported that the water absorption capacity of 

wheat bran was unaffected by hot extiusion. Extiusion decreased particle size in whole 
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wheat, but wheat bran was not influenced (Wang et al., 1993). Wheat bran increased in 

bulk density after extrusion, whereas whole-wheat bulk density was decreased (Wang et 

al., 1993). 

Using cotton gin trash in the feedlot 

The highest economic retum on CGT occurs through its use in the feedlot 

(Mayfield, 1991). Cotton gin trash is a good roughage source at a reasonable cost 

compared to other roughages such as bermudagrass hay and alfalfa (Castleberry and 

Elam, 1999). The nutritional value of CGT should fall between cottonseed hulls (CSH) 

and alfalfa (Castleberry and Elam, 1999). Even with the reasonable cost, problems such 

as palatability, handling, and transporting are still major problems when feeding CGT 

(Castieberry and Elam, 1999). Molasses has been added to diets containing CGT to 

overcome palatability problems, but this increases cost (Young and Griffith, 1976). 

Grinding is the most common method of processing CGT used to aid in decreasing the 

bulkiness of the CGT (Castleberry and Elam, 1999). Other methods of processing 

include cubing or pelleting, which help overcome handling and transportation problems 

(Castleberry and Elam, 1999); however the costs of these methods increase cost of the 

final diet, making them unfeasible (Arnold, 1998). Conner and Richardson (1987) 

reported pelleting of CGT did not largely affect DMI or gain, but result in poor feed 

efficiency. The inferior feed efficiency was attributed to an increased rate of passage of 

the pelleted CGT, causing reduced fermentation time in the rumen (Conner and 

Richardson, 1987). 
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CHAPTER III 

EFFECT OF AMAFERM ON EWE AND LAMB BLOOD VARL\BLES 

Absfract 

The objective of tiiis study was to determine the effects of feeding Amaferm 60 d 

prepartum to ewes through weaning on ewe and lamb blood glucose, BUN, and blood 

and milk IgG concentrations, as well as milk composition (0-36 h postpartum). Another 

objective of tiiis stiidy was to determine if sex of lamb, type ofbirth (single, twin, or 

tiiplet), and ewe age (3-7) affects blood glucose, BUN, and blood and milk IgG 

concenti-ations, as well as milk composition (0-36 h postpartum). Sixty Rambouillet 

ewes bred either by a Rambouillet (n = 2) or Dorpcroix bucks (n = 2) were used in this 

smdy. The pregnant Rambouillet ewes were allotted randomly to four pens with 15 ewes 

per pen. Amaferm was added to the diet of two pens, whereas the other two pens were 

fed the control diet. The diets consisted of .91 kg of com and 0.23 kg of cottonseed meal 

(CSM) daily or CSM plus Amaferm (14.17 g per ewe) for the experimental groups. 

Lambs (n = 47 for control n = 48 for Amaferm) were given free access to a 16% CP creep 

feed after they were 10 days old. Ewe BUN concentiations differed (P < 0.05) within 

each treatment for time (0-36 h postpartum) and differed (P < 0.001) between Amaferm 

fed (9.41 mg/dL) and control ewes (14.83 mg/dL) at 6 h postpartum. Average ewe blood 

IgG concentration (0-36 h postpartum) differed (P < 0.05) within both treatments, and 

differed (P < 0.05) between Amaferm (28.28 mg/mL) and control (19.86 mg/dL) at 12 h 

postpartum. Ewe milk IgG was higher (P < 0.01) for all times (0-36 h postpartum) for 
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the conti-ol compared to the Amaferm fed ewes. Amaferm supplemented ewes (10.64%) 

had higher (P < 0.001) milk fat than conti-ol ewes (6.49%) at parturition. Milk lactose 

was higher (P < 0.05) for ewes on the control diet compared to the Amaferm diet (6-36 h 

postparttim. Lamb blood IgG did not differ P > 0.05) between treatments (0-36 h 

postpartum) but was different for time within each treatment (P < 0.05). Six hour lamb 

blood glucose differed (P <0.05) between Amaferm (105.84 mg/dL) and control lambs 

(79.37 mg/dL). Lamb BUN concenti-ations differed (P < 0.05) within treatment, and 

differed (P < 0.05) between Amaferm and conti-ol ti-eatinents at 24 h. Supplementing 

Amaferm to ewes increased milk fat at parturition, but decreased milk IgG and Lactose 

concentrations (0-36 h postpartum). 

Introduction 

Fungal extracts have been used for over a century in a variety of production 

systems. There are many uses of fungal extracts. Each species of fiingi produces specific 

enzymes that are utilized in grain processing, brewing, baking, dairy products, and animal 

feeding industries (Berka et al., 1992). Aspergillus refers to a ubiquitous group of fungi 

that was discovered well over a 100 yr years ago. Aspergillus is just one of many species 

of fungi. Aspergillus oryzae was separated from the Aspergillus flavus group in 1945 by 

Thom and Raper, to form two species (Jensen, 2001). 

Amaferm, a specific stiain of Aspergillus oryzae and is manufactiu-ed using a two-

step fermentation and complex extraction process (Jensen, 2001). The extraction of 
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enzymes is via pressure and abrasion, both chemical and mechanical, in order to mpture 

the cells and release their enzymatic protein-based substances (Jensen, 2001). 

The use of these exti-acts in ruminant nutrition has not been routine in the industry 

until recently. Before tiie mid 1990s, it was assumed that the exti-acts could not survive 

tiie proteolytic environment of the rumen (Chesson, 1994; Rode et al., 2001). Most 

research on fungal exti-acts in ruminant nutrition has been focused on fibrolytic 

degradation, primarily celluases and xynalayses. In the 1960s several researchers sttidied 

exogenous exti-acts fed in ruminant diets and thefr effect on feed digestibility and animal 

performance. Burroughs et al. (1960), Perry et al. (1960), Clark et al. (1961), and several 

others found both positive and negative effects on nutrient digestion and animal 

performance with the feeding of exogenous exti-acts to mminant animals. In more recent 

stiidies, Judkins and Stobart (1988), Krause et al. (1998), and Yang et al., (1999) smdied 

the modes of action of exogenous extracts in ruminant nutrition. 

Gomez-Alarcon (1990) reported that adding 3 g/d of Aspergillus oryzae to the diet 

of the Holstein cows consuming either an alfalfa, milo, or wheat straw roughage-based 

diet had no effect on ammonia concentiation. In contrast, Frumholtz et al. (1989) 

observed a 30% increase in ammonia concentiation when Amaferm was added to in vitio 

ruminal cultures. 

In dairy cattle, exogenous enzymes have been used in diets to increase milk fat, 

and percentages of protein and lactose. Rode et al. (2001) found that feeding dairy cattle 

with a xylanase/cellulase enzyme mixture that was applied to alfalfa hay cubes increased 

percentages of lactose and protein throughout the 12 wk lactation, but milk fat was 
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increased only in the first 3 wk of lactation and then dropped below the level of control 

cows. Owen et al. (1971) reported increases in fat-corrected milk when a fungal extract 

was added to a high-concentrate diet of dairy cattle. 

Glucose is thought to be the primary energy source of the fems and neonate, even 

though plasma fhictose concentrations are elevated in lambs in utero and immediately 

following partiuition (Kurz and Willett, 1992). Changes in plasma glucose and fhictose 

in newbom lambs indicate that metabolic adaptations are occurring (Keller et al., 1998). 

These energy sources stabilize homeostasis to ensure survival (Keller et al., 1998). 

The objective of this study was to determine the effects of feeding Amaferm 60 

d prepartum to ewes through weaning on ewe and lamb blood urea nitrogen, blood 

glucose, and blood Immunoglobulin status, as well as percentage of milk protein, fat, 

lactose and milk Immunoglobulin level. 

Materials and Methods 

Sixty Rambouillet ewes bred by eitiier Rambouillet (n=2) or Dorpcroix (n=2) 

bucks were used in this experiment. The study was conducted at the Sheep and Goat 

Center at Texas Tech University Farm located near New Deal, TX. The ewes were 

started on the experiment 60 d prepartum. The ewes were assigned randomly to four 

feeding groups, with 15 ewes were assigned to each pen. Two of the pens were fed the 

conti-ol diet, and two of the pens were fed the control diet plus 14.17 g Amaferm per ewe 

daily. Ewes were adapted to the diet for 2-wk before the Amaferm was added to the diet. 

The diets consisted of 0.91 kg of com and 0.23 kg of cottonseed meal (CSM) daily or 
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CSM plus Amaferm for the experimental groups. All animals had free access to water, 

native mixed (several varieties of bluestem, and klein) grass hay, and minerals. The ewes 

were weighed and assigned a body condition score (BCS) initially and then every 28 d 

until parturition. The BCS scale from least to most condition was 1-5. Lambs (n = 47 for 

conti-ol n = 48 for Amaferm) were given free access to a 16% CP creep (Table 4.1) feed 

after they were 10 days old. All weigh periods pre and postpartum were based on the 

average lambing date of all ewes. Ewes and lambs were weighed on a Tme Test (Model 

EZI weigh 2) tiiat weighs to the nearest 0.0453 kg. Ewes and lambs were bled via juglar 

venipunture at parturition and subsequently at 6,12,24, and 36 h after parturition. After 

36 h, both ewes and lambs were weighed and bled every 28 d thereafter for 56-d. Ewes 

were hand milked at the same time as they were bled and weighed and given a BCS every 

28 days postpartum through weaning. 

Two blood samples were taken from the jugular vein in 10-mL lithium heparin 

vaccutainers and vaccutainers with no preservative. The samples were stored on ice until 

centrifiiged (Beckman model JH2 centrifuge) that same day at 1690 x g for 30 min so that 

the serum portion of blood could be extracted. The serum fraction was then stored at -

20°C. At the time of parturition and through the first 36 h when lambs were bled, a 

subsample of the blood was taken to analyze the glucose concentration with a Precision 

Q.I.D.™ (Abbot Laboratories, MediSense, Inc., Bedford, MA) field monitoring glucose 

device to determine whether it was a viable method to evaluate glucose status in the 

neonatal lamb compared to a lab analysis. The plasma samples were evaluated for BUN 

and, glucose concentration, and total IgG concentration in both ewes and their offspring. 

94 



The BUN and glucose analysis were performed at the Texas Tech University Animal and 

Food Sciences Department. A Colorimetiic BUN kit (Sigma Chemical, Sigma Chemical 

Co. St Louis, MO. Procedure No. 535) was used to determine blood urea N levels in the 

plasma samples. Blood was taken from the animals via the jugular vein into evacuated 

10 mL test tubes that contained litiiium heparin. The samples were refrigerated 2 to 4h 

until they were centiifiiged at 1690 x g for 30 min on tiie same day the samples were 

taken. The plasma was tiansferred into a 4.5 mL polystyrene mbe and kept at -20°C until 

analyzed. Before analysis, the samples were thawed in a cool water bath. Three 

milliliters of BUN Acid Reagent (Sigma Catalog No. 535-3) and 2.0 mL BUN Color 

Reagent (Sigma Catalog No. 535-5) were added to each mbe and mixed thoroughly. 

Twenty microliters of plasma were added and vortexed. Samples were then placed in a 

boiling water bath for 10 min, and removed and placed into a cold tap-water bath for 3 to 

5 min. Absorbance was read by a Beckman auto sampling spectrophotometer (model 

DU640) at 535 nm and compared to a standard curve. The standard curve was 

constructed using urea nitrogen standard solution (150 mg/dL; Sigma Catalog No. 535 -

150). Standard solutions were analyzed in the same manner described for samples. The 

standard curve was a range from 0-75 mg/dL. Standards and samples were analyzed in 

duplicate. 

An Infinity^^ Sigma Glucose kit (Sigma Procedure No. 17; Sigma Chemical Co., 

St Louis, MO) was used to determine blood glucose concentrations in the plasma 

samples. Blood was taken from the animals via the jugular vein into evacuated 10 mL 

test mbes that contained lithium heparin. The samples were refiigerated 2 to 4 h until 
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tiiey were cenfrifiiged at 1690 x g for 30 min on the same day the samples were taken. 

The plasma was transferred into a 4.5 mL polystyrene tube and stored as described for 

BUN analysis. One milliliter of Glucose (Sigma Catalog No. 16-20) reagent was mixed 

with 10 uL of deionized water and 10 uL of plasma sample in a cuvet and incubated at 

37°C for 5 min in a warm water bath. The samples were then read on a Beckman auto 

sampling specti-ophotometer (model DU640) at 340 nm. Whole blood samples were also 

taken from the ewes and tiieir offspring at the same sampling times and analyzed with a 

field human glucose-testing device (Medisense™ Precision QID blood glucose 

monitoring system. Model Q-4779, Medisense, hic. Bedford, MA), which was compared 

to tiie analytical lab results. The Precision QID device has an assay range from 20 to 600 

mg/dL and measures to the nearest 0.1 mg/dL. hi a smdy by Medisense, hic, tiie 

glucose-monitoring device when compared with analytical lab resuhs had a correlation of 

(r = 0.92). 

Serum and colostral samples were analyzed for IgG in blood (lambs and ewes) 

and milk respectively. Sample times were the same as for the BUN and glucose analysis 

(0, 6, 12,24, and 36 h after parturition). The semm and colostral samples were shipped 

to Dr. Dennis Hallford at New Mexico State University for analysis by RIA. Semm 

samples were diluted with 0.01 M Phospho-buffered-saline solution (PBS) plus 1% 

bovine-serum-albumin (BSA) to 1:5,000 and colostrum samples were diluted to 1:10,000. 

The ovine immunoglobulin G (IgG) RIA utilized rabbit anti-ovine IgG (Product number 

S-1140; Sigma Chemical Co.) as the primary antisemm. Standards were prepared from 

IgG obtained (Sigma product number 1-8265; Sigma Chemical Co.). The '̂ Î-oIgG was 
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used as a ti-acer and iodination was accomplished using the chloramine T method 

described by Hoelfer and Hallford (1987). After sample preparation and incubation 

ovemight, bound and free IgG were separated by centrifiigation at (1500 x g; 4° C, 15 

min). The unbound fraction was discarded, and the bound fraction was counted m a 

Packard Auto Gamma 500 C (Hoelfer and Hallford, 1987). The average within assay CV 

was 11% and tiie between assay CV of 13%. Breed effects of blood parameters, milk 

composition and yield, ewe and lamb performance, and lamb feedlot performance and 

carcass characteristics are discussed in chapter VI. 

Statistical Analyses 

Data from this completely random design were analyzed as a repeated measures 

study using tiie GLM procedure of SAS (1999) with an alpha level of 0.05. Animal was 

the experimental unit, and means were separated using Fischer's Protected Least 

Significant Difference Test. Independent variables were regressed on the independent 

variables to determine the slope and relationship among variables measured using the 

GLM procedure of SAS (1999). Independent variables were feeding group (4 pens), 

treatment, ewe, ewe(trt) time (0,6,12,24, and 36 h postpartimi), number of lambs 

(NOL), sex, and breed. Interactions analyzed in the model were treatment x time. 

Dependent variables were blood and milk constituents, milk yield, weights, and body 

condition score. Pearson correlation coefficients were analyzed using the PROC CORR 

procedure of SAS (1999) to measure relationships between ewe and lamb blood, milk, 

and performance data in response to supplementation of Amaferm. Breed effects are 
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included in this statistical analyses, but were moved from this chapter and compiled with 

breed effects of Chapters IV and V, and are discussed in Chapter VI 

Resuhs 

Blood urea nitrogen concentrations in the ewes were affected by interactions of 

tieatment x time at 6 h (P < 0.001) (Table 3.1). Time was different within freatment for 

control and Amaferm groups (P < 0.05) (Figure 3.1). BUN was higher at each time for 

control ewes (Table 3.1). 

Ewe glucose concentrations (mg/dL) were measured at parturition and no 

differences (P > 0.05) were observed between Amaferm and control diets, sire breeds, 

number of lambs, sex, or ewe age. 

Ewe blood IgG concenti-ations (mg/mL) were higher at each time for ewes on 

Amaferm (Table 3.2). Time was different within tieatinent for Amaferm groups (P < 

0.10), but did not differ within the control group (P > 0.10; Table 3.2). 

Ewe milk IgG was higher (P < 0.01) for conti-ol than for Amaferm ewes across all 

times (Table 3.3). Time was non significant (P > 0.05) within treatinent for Amaferm 

ewes, but within the control group 12 h was lower (P < 0.01) compared with 24 h and 24 

h was higher (P < 0.05) compared with 36 h (Table 3.3). 

Ewe milk lactose (Lac) increased linearly with time (P< 0.001; Table 3.4). Ewe 

percent milk lactose differed between treatinents (P < 0.05) at all times except for 0 h and 

within ti-eatment (P < 0.001) across time (Table 3.4). 
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Ewe percent milk fat differed between treatments (P < 0.001) at 0 h and within 

freatment (P < 0.05) for 24 and 36 h compared with 0 to 6 h in the Amaferm group and 0 

hr being different from all other times in the control group (Table 3.5). 

Ewe percent milk protein were affected by treatment x time interaction at 6 h (P < 

0.05) (Table 3.6) and decreased linearly with time for both Amaferm and control groups. 

Percent milk protein differed within treatment (P < 0.05) at several times for Amaferm 

and confrol groups (Table 3.6). 

Lamb BUN concentrations increased lineraly with time (Table 3.7). Least square 

means for freatment x time were different (P < 0.05) between treatment for 24 h. (Table 

3.7). Lamb BUN concenti-ations were different (P < 0.01) within treatment for several 

times in the Amaferm and confrol groups (Table 3.7). 

Lamb plasma glucose was affected by a tieatment x time interaction at 6 h (P < 

0.05; Table 3.8). Lamb glucose concenti-ation did not differ (P > 0.05) within either the 

control or Amaferm group (Table 3.8). 

Lamb serum IgG tended (P = 0.11) to be higher for the confrol group compared 

with the Amaferm group. Over time lamb semm IgG did increased linearly (Table 3.9) 

for both groups, except for a decrease at 36 h in the control group. Lamb serum IgG was 

affected by interactions of treatment by time within ti-eatment (P < 0.01) (Table 3.9). 

Correlation 

In the current study, body condition score for ewes at 10,25, and 39 d postpartum 

were positively correlated with lamb glucose 10 d postparttun. Cows with moderate BCS 
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(5.0) before calving had offspring with higher plasma glucose concentrations than cows 

witii a BCS of 5.5 before calving (Lents et al., 1998). There was no correlation between 

lamb birth weight and lamb glucose concentration, which disagrees with the findings of 

Lents et al. (1998), who found a negative correlation between birth weight of calves and 

glucose. This might be a result of differences between lambs and calves. No past 

research was found in sheep to support or confound the current findings. 

Lamb BUN concenti-ations were positively correlated across 0 to 36 h with most P 

values less than 0.05. Lamb BUN at 0 h was positively correlated with ewe BUN at 0 h 

(r = 0.49). Ewe BUN at 0 and 6 h were positively correlated with ewe BUN on 6,12,24, 

and 36h. The ewe BUN at 0, 6, and 24 h was positively correlated with lamb BUN on 

4/19 (P < 0.05). Ewe BUN at 36 h was negatively correlated witii milk fat at 24 h (r = -

0.27) and positively correlated with milk lactose at 24 h (r = 0.34). All milk protein 

concenti-ations for 0-36 hr were correlated with each other (r = 0.33 to 0.85) and 

negatively correlated with all milk lactose times (r = -0.32 to -0.78). Milk protein also 

was negatively correlated with lamb glucose and milk fat. Milk fat was negatively 

correlated with milk lactose. Ewe milk IgG concentiations were positively correlated 

with milk protein, but negatively correlated with milk lactose and lamb glucose. Lamb 

plasma IgG was negatively correlated with number of lambs each ewe was raising. This 

finding is in agreement with Gilbert et al. (1988), who reported lamb plasma IgG 

decreased as birth type increased. All significant correlations are shown in Table 3.11. 

Gilbert et al. (1988) used single radial immunodiffusion was used to measure IgG in ewe 

colostrum and lamb semm 36 h postpartum. Gilbert et al. (1988) suggested that there 
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might be a fetal stimulus to increase IgG concentrations in colostmm with multiple births 

in sheep. Lamb serum IgG decreased as birth type increased (Gilbert et al., 1988). hi the 

present study, lamb BUN levels did increase linearly with lamb plasma IgG levels in both 

conti-ol and Amaferm feeding groups. The relationship between lamb plasma IgG and 

lamb BUN concentiations might be in explained by the absorption of intact proteins 

within the first 24 hrs in tiie neonate. The absorption of the intact proteins (specific IgG) 

causes the observed increase in semm IgG, and the absorption of intact proteins (that are 

not IgG) cause higher production of urea in the liver due to gluconeogenesis. 

Discussion 

Blood urea nitrogen concentrations in ewes reported at parturition in this study 

(10.87 mg/dL for Amaferm and 12.98 mg/dl for control) were less than concentiations of 

21.7 mg/dL reported by Hallford and Galyean (1982). The difference may be a result of 

diet, time of sampling after a meal, or number of ewes sampled in each smdy. In this 

smdy, blood urea nifrogen (BUN) concentrations in ewes on the Amaferm diet were less 

than the concentrations in control ewes. Amaferm might have increased fiber-digesting 

bacterial populations, which utilize more mminal ammonia, leaving less available for 

absorption through the ruminal wall. This hypothesis is supported by Rode et al. (2001), 

who reported that exogenous enzyme activity might increase substrate breakdown and 

thereby allow naturally occiuring enzymes produced by the mminal bacteria to better 

degrade and utilize the products of the digesta for improved performance. Similarly 

Newbold (1995) stated that Aspergillus oryzae cultures can increase ruminal bacterial 
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numbers and can work synergistically with extracts from mminal microflora to increase 

the release of soluble sugars from hay. hi contrast, Frumholtz et al. (1989) observed a 

30% increase in ammonia concenfration when Amaferm was added in vitro and 

suggested that Amaferm increased proteolysis in vitro either by providing additional 

nutrients to the ruminal microorganisms or possibly via endogenous proteolytic activity 

of Aspergillus oryzae as proposed by Arambel et al. (1987). In this theory with an 

increase in ruminal ammonia, BUN concentrations of the Amaferm-fed ewes should have 

been higher than the control group. Judkins and Stobart (1988) fed a fungal enzyme 

preparation to Rambouillet and Columbia lambs and found no differences in mminal 

ammonia concentrations, which disagree with the findings of Frumholtz et al. (1989) and 

present results. Whitt et al. (1996) sampled cattie hourly for 24 h for portal urea N and 

reported that the hepatic urea flux peaked in the moming after feeding and decreased 

until 1630, remaining below average until about 0330. In the 1300 to 1445 period, liver 

urea N fluxes were moving from an after-feeding peek to below averages fluxes (Whitt et 

al., 1996). Therefore the treatments x time interactions observed in the present study 

were likely a resuh of the cyclic behavior of BUN in response to feeding. 

In the present study, mean glucose concentrations at parturition were 142 mg/dL 

for ewes on Amaferm and 158 mg/dL for tiie ewes on tiie control diet. These glucose 

concenti-ations were higher than concenti-ations (128.2 mg/dL) reported at parturition by 

Hallford and Galyean (1982), but glucose did not differ between treatments. This finding 

is in contrast to the resuUs of Rode et al. (2001), who found an increase in ruminal 

propionic acid and increased glucose from post-ruminal digestion in lactating dairy cattie 
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consuming an exogenous enzyme treated diet, hi this stiidy, glucose concentiations from 

tiie Precision QID field glucose monitoring kit were erratic, with samples being 

erroneous high or erroneously low compared to analytical lab results. Therefore, the 

comparison between the two methods was discarded. 

Milk IgG concentiation was higher for ewes on the control diet compared with 

tiie Amaferm group. Conti-ol-fed ewes had higher milk IgG concentiations across all 

times compared with the Amaferm-supplemented ewes, but milk IgG level remained 

fairly constant over time in both groups. 

Colostrum is the source of nutrition for neonates. It is highly nutritious, and it is 

essential for survival of the neonate. Colostrum is high in protein, and colostmm has 

substantially higher levels of vitamins and a lower level of lactose than milk 4 d 

postpartum. Our results indicated that ewe milk lactose increased hnearly from 0 to 36h 

for both the Amaferm and the control group. Treatment did not affect milk lactose; which 

is contrary to the results of Rode et al. (2001), who fotmd that feeding dairy cattle with a 

xylanase/cellulase enzyme mixture that was applied to alfalfa hay cubes increased milk 

lactose. Different types of hay or type of enzyme used might explain the difference 

between the present results and those of Rode et al. (2001). 

Milk protein in the present study was affected by interactions of tieatments x 

sampling time. Exogenous enzymes have been used in dairy cattle diets to increase miUc 

yield, milk fat, protein, and lactose percents. Milk protein for Amaferm and contiol ewes 

decreased linearly with time. Ewe milk fat decreased linearly from 0 to 36h for the 

Amaferm group, whereas the control group at partiuition had significantly lower milk fat 
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tiian tiie Amaferm group but was similar to the Amaferm group for all other times. Owen 

et al. (1971) reported higher fat-corrected milk concentrations when a ftmgal extract was 

added to a high-concentrate diet of dairy cattle. This is in contrast to the findings of 

Kellems et al. (1990), who reported no difference in percent fat between conti-ol or 

Amaferm-fed groups, hicreases in milk production and milk fat without increases in 

DMI have been reported in animals supplemented with Amaferm (Harris, et al., 1983 and 

Huber, etal, 1985). 

No differences were observed between main effects of ti-eatments for lamb BUN 

concenti-ation, but an interaction between treatinent and sampling time did occur at 24 h. 

Increases in BUN in the lambs were most likely due to increased milk consumption. 

Glucose, the major metabolic fuel of the fems, and moves across the placental 

barrier via active transport. Glucose is thought to be the primary energy source of the 

fems and neonate, even though plasma fi-uctose concentrations are increased in lambs 

while in utero and immediately following parturition (Kurz and Willett, 1992). Lamb 

glucose concentrations at parturition only differed between tieatments at 6 h in this study, 

which is consistent with Hamadeh et al. (2000), who found no treatment difference in 

glucose concentrations in newbom lambs Ih old before they were fed colostrum. In the 

current study, the ti-eatment by time interaction at 6 h is more than likely due to increased 

milk constmiption or possibly could be explained by Faulkner (1983), who stated that 

plasma glucose is metabohzed quickly at birth, which forces the neonate to use an 

altemative energy supply. In the first hours of life, neonates might rely on plasma 

104 



fi:uctose imtil plasma glucose concentrations stabilize at approximately 18 h postpartum 

(Kurz and Willett, 1992). 

Lamb serum IgG concentrations were affected by an interaction of treatment x 

time within treatment. Serum IgG concentrations increased linearly with time for the 

control and Amaferm groups. This result was likely caused by the accumulation of 

circulating IgG via colostrum consumption over time. 

Conclusion 

Supplementing Amaferm to ewes for 60 d prepartum increased milk fat at 

parturition and decreased milk lactose and milk IgG concentrations for 0-36 h postpartum 

compared with the control fed ewes. In addition, milk IgG was positively correlated with 

milk protein and negatively correlated milk lactose. 
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Table 3.1. Least Squares Means and Standard Errors for Ewe BUN Concentrations 
(mg/dL) FromParturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
12.00" 

09.41" 

11.22" 

10.98"'" 

10.73"'" 

Control 
13.72"'" 

14.83" 

12.90"'" 

12.06"'" 

11.37"'" 

SEM 
0.6 

0.6 

0.6 

0.6 

0.6 

Difference 
between 
treatments 
NS 

*** 

NS 

NS 

NS 
a,b,c,d Lgast squares means within a column with different superscripts differ (P < 0.05). 
n = 30 animals/treatment 
*** Least squares means between treatments differ (P < 0.001). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.2. Least Squares Means and Standard Errors for Ewe Blood IgG Concentrations 
(mg/mL) From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
23.79"'" 

28.13"'" 

28.28"'" 

24.35"'" 

21.83" 

Contiol 
21.88" 

23.27" 

19.86" 

20.22" 

22.94" 

SEM 
2.8 

2.7 

2.9 

2.8 

3.0 

Difference 
between 
freatments 
NS 

NS 

* 

NS 

NS 
"''" Least squares means within a column with different superscripts differ (P < .10). 
n = 30 animals/freatment 
*Least squares means between treatments differ (P < .05). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.3. Least Squares Means and Standard Errors for Ewe Milk IgG Concentrations 
(mg/mL) From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

Amaferm 
22.06" 

22.79" 

18.85" 

Confrol 
70.22"'" 

64.80" 

58.91" 

SEM 
7.9 

8.2 

7.7 

Difference 
between 
treatments 
*** 

*** 

*** 

24 23.36" 90.30" 7.8 * * * 

36 23.67" 56.89" 7.9 * * 

"'" Least squares means within a column with different superscripts differ (P < .001). 
n = 30 animals/freatment 
**Least squares means between treatments differ (P < .01). 
*** Least squares means between treatments differ (P < .001). 
SEM = Standard error of the mean. 
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Table 3.4. Least Squares Means and Standard Errors for Ewe Milk Lactose 
Concentrations (%)From Partiirition to 36 h PostiJartum 

Difference 
between 

Time(h) Amaferm Conti-ol SEM treatments 
0 

6 

12 

24 

36 

3.17" 

3.22" 

3.57" 

4.17"'" 

4.22"'" 

3.04" 

3.60" 

4.10" 

4.46" 

4.55" 

0.16 

0.11 

0.10 

0.95 

0.10 

NS 

* 

*** 

* 

* 

"'"'"'"Least squares means within a column with different superscripts differ (P < .001). 
n = 30 animals/freatment 
*Least squares means between treatments differ (P < .05). 
***Least squares means between treatments differ (P < .001). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.5. Least Squares Means and Standard Errors for Ewe Milk Fat Concentrations 
(%) From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
10.64" 

10.11" 

10.25" 

08.43" 

09.17"'" 

Control 
6.49" 

9.16" 

9.65" 

9.55" 

8.70" 

SEM 
0.65 

0.49 

0.44 

0.42 

0.46 

Difference 
between 
treatments 
*** 

NS 

NS 

NS 

NS 
^^Least squares means witiiin a column with different superscripts differ (P < .05). 
n = 30 animals/freatment. 
***Least squares means between treatments differ (P < .001). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.6. Least Squares Means and Standard Errors for Ewe Milk Protein 
Concentrations (%) From Parturition to 36 h Postpartum 

Time (hr) 
0 

6 

12 

24 

36 

Amaferm 
11.34" 

10.77" 

09.20" 

07.12" 

06.20" 

Contiol 
11.88" 

11.94" 

09.08" 

06.38"" 

05.70"" 

SEM 
0.51 

0.37 

0.33 

0.31 

0.34 

Difference 
between 
treatments 
NS 

* 

NS 

NS 

NS 
"""Least squares means within a column with different superscripts differ (P < .05). 
n = 30 animal/freatment. 
*Least squares means between treatments differ (P < .05). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.7. Least Squares Means and Standard Errors for Lamb BUN Concentrations 
(mg/dL) From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
14.09"'" 

13.46"'^ 

20.72"'^ 

23.83"'^ 

31.83" 

Control 
13.42" 

17.28"'" 

22.06"'" 

30.37" 

28.87" 

SEM 
2.47 

2.00 

2.00 

2.02 

2.00 

Difference 
between 
treatments 
NS 

NS 

NS 

* 

NS 
^^Least squares means within a column with different superscripts differ (P < .01). 
n = 48 lambs in Amaferm treatment and 47 lambs in the control. 
*Least squares means between treatments differ (P < .05). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.8. Least Squares Means and Standard Errors for Lamb Glucose Concentrations 
(mg/dL) From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
82.21" 

105.84" 

94.63" 

90.28" 

93.46" 

Control 
90.48" 

79.37" 

108.24" 

87.23" 

90.96" 

SEM 
13.50 

9.51 

7.35 

7.44 

8.52 

Difference 
between 
treatments 
NS 

* 

NS 

NS 

NS 
"' Least squares means within a column with different superscripts differ (P < .01). 
n = 48 lambs in Amaferm treatment and 47 lambs in the control. 
*Least squares means between treatments differ (P < .05). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.9. Least Squares Means and Standard Errors for Lamb Blood IgG 
(mg/mL)Concenfrations From Parturition to 36 h Postpartum 

Time (h) 
0 

6 

12 

24 

36 

Amaferm 
02.40" 

26.79" 

34.56" 

36.20"'" 

38.22"'" 

Contiol 
05.95" 

31.03"'" 

37.46" 

40.55"'" 

33.46"'" 

SEM 
1.90 

1.82 

1.79 

1.76 

1.87 

Difference 
between 
treatments 
NS 

NS 

NS 

NS 

NS 
*' ''^''" Least squares means within a column with different superscripts differ (P < .01). 
n = 48 lambs in Amaferm treatment and 47 lambs in the control. 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 3.10. List of Acronyms Used to Describe Data. 

Acronym Description 
BCS3/20 Ewe body condition score 10 d postpartum 
BCS4/6 Ewe body condition score 25 d postpartum 
BCS4/20 Ewe body condition score 39 d postpartum 
Eage Ewe age 
EbimO Ewe blood urea nitiogen level at parturition 
Ebim6 Ewe blood urea nitrogen level 6 h postpartum 
Ebunl2 Ewe blood urea nitrogen level 12 h postpartum 
Ebun24 Ewe blood urea nitrogen level 24 h postpartum 
Ebim36 Ewe blood urea nitrogen level 36 h postpartum 
EgluO Ewe glucose level at parturition 
EmiggO Ewe milk Immunoglobulin level at parturition 
Emigg6 Ewe milk Immunoglobulin level 6 h postpartum 
Emiggl2 Ewe milk Immunoglobulin level 12 h postparmm 
Emigg24 Ewe milk Immunoglobulin level 24 h postpartum 
Emigg36 Ewe milk Immunoglobulin level 36 h postpartum 
Lglu3/20 Lamb glucose level 10 d postpartum 
Lglu4/19 Lamb glucose level 39 d postpartum 
Lglu6 Lamb glucose level at 6 hr postpartum 
LbunO Lamb blood urea nitrogen level at parturition 
Lbun6 Lamb blood urea nitrogen level 6 h postpartum 
Lbunl2 Lamb blood urea niti-ogen level 12 h postpartum 
Lbun24 Lamb blood urea nitrogen level 24 h postpartum 
Lbun36 Lamb blood urea nitrogen level 36 h postpartum 
Lbun4/19 Lamb blood urea nitrogen level 39 d postpartum 
LiggO Lamb blood Immunoglobulin level at parturition 
Ligg6 Lamb blood Immunoglobulin level 6 h postpartum 
Ligg 12 Lamb blood Immunoglobulin level 12 h postpartum 
Ligg24 Lamb blood Immunoglobulin level 24 h postpartum 
Ligg36 Lamb blood hnmunoglobulin level 36 h postpartum 
Ligg3/20 Lamb blood Immunoglobulin level 10 d postpartum 
Ligg5/8 Lamb blood Immunoglobulin level at weaning 
Ltime Date and time of lambing 
MkFO % milk fat at parturition 
MkF6 % milk fat 6 h postpartum 
MkF 12 % milk fat 12 h postpartum 
MkF24 % milk fat 24 h postparttun 
MkF36 % milk fat 36 h postpartum 
MkF4/18 % milk fat at 4 wk postpartum 
MkF5/8 % milk fat at 8 wk postpartum 
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Table 3.10. (Continued). 

Acronym Description 

MkLO 
MkL6 
MkL12 
MkL24 
MkL36 
MkL4/18 
MkL5/8 
MkPO 
MkP6 
MkP12 
MkP24 
MkP36 
MkP4/18 
MkP5/8 
NOL 
4wkMkyd 
8wkMkyd 

% milk lactose at parturition 
% milk lactose 6 h postpartimi 
% milk lactose 12 h postpartum 
% milk lactose 24 h postpartum 
% milk lactose 36 h postpartum 
% milk lactose at 4 wk postpartum 
% milk lactose at 8 wk postpartum 
% milk protein at partiuition 
% milk protein 6 h postpartum 
% milk protein 12 h postpartum 
% milk protein 24 h postpartum 
% milk protein 36 h postparmm 
% milk protein at 4 wk postpartum 
% milk protein at 8 wk postpartum 
Niunber of lambs the ewe is carrying or nursing 
Four-week milk yield 
Eight-week milk yield 
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Table 3.11. Correlation of All Values of Significance" 
Trait combination 

BCS3/20 &Lglu3/20 

BCS3/20 & Ligg5/23 

BCS4/6 & Lglu3/20 

BCS4/6 & Ligg5/23 

BCS4/20 & Lglu3/20 

LbunO & Lbun6 

LbunO & Lbunl2 

LbunO & EbunO 

Lbun6& Lbunl2 

Lbun6 & Lbun24 

Lbun6 & Lglu6 

Lbunl 2 & Lbun24 

Lbunl2 & Lbun36 

Lbun24 & Lbun36 

Lbunl2 & Lbun3/20 

r 

.35 

.26 

.32 

-.25 

.32 

.40 

.24 

.49 

.48 

.29 

.36 

.52 

.22 

.40 

.26 

P value 

.008 

.05 

.06 

<.001 

.01 

.004 

.08 

.0004 

.0004 

.03 

.009 

<.001 

.11 

.003 

.05 

Trait combination 

LiggO & Ltime 

LiggO & NOL 

LiggO & Ligg6 

LiggO & Liggl2 

Ligg6 & Ligg 12 

Ligg6 & Ligg24 

Ligg6 & Ligg36 

Ligg6 & Ligg3/20 

Ligg6 & Lglu6 

Liggl2 & Ligg24 

Liggl2 & Ligg36 

Liggl2 & Ligg3/20 

Liggl2 & Ligg5/23 

Ligg24 & Ligg36 

Ligg24 & Ligg3/20 

Ligg36 & Ligg3/20 

r 

-.25 

.25 

.21 

.30 

.63 

.48 

.33 

.61 

.30 

.62 

.27 

.52 

-.20 

.43 

.31 

.34 

P value 

.05 

.05 

.12 

.02 

<.001 

.0003 

.01 

<.001 

.03 

<.001 

.04 

<.001 

.15 

.001 

.01 

.09 

' See Table 3.10 for explanation of symbols 
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Table 3.11 (Continued). Correlation of All Values of Significance' 
Trait combination 

EmiggO & MkPO 

Emigg6 & Lglu4/19 

Emigg6 & Emiggl2 

Emigg6 & Emigg24 

Emigg6 & MkP6 

Emigg6 & MkP12 

Emigg6 & MkP24 

Emigg6 & MkP36 

Emigg6&MkP4/18 

Emigg6 & MkP5/8 

Emiggl2 & Lglu4/19 

Emiggl2 & Lbun36 

Emiggl2 & LiggO 

Emiggl2 & Emigg36 

Emiggl2 & MkP6 

Emiggl2&MkP12 

Emiggl2 & MkP24 

Emiggl2 & MkP36 

Emiggl2&MkP4/18 

Emiggl2 & MkL6 

Emiggl2 & MkL12 

Emiggl2 & MkL24 

r 

.40 

-.27 

.33 

.29 

.34 

.34 

.30 

.28 

.26 

.36 

-.33 

.43 

-.29 

.49 

.41 

.78 

.65 

.56 

.38 

-.36 

-.45 

-.41 

P value 

.09 

.07 

.02 

.05 

.03 

.03 

.04 

.05 

.08 

.01 

.01 

.002 

.04 

.0002 

.009 

<.001 

<.001 

<.001 

.007 

.02 

.001 

.003 

Trait combination 

Emiggl2&MkL36 

Emiggl2&MkL4/18 

Emigg24 & Lglu4/19 

Emigg24 & Lbun36 

Emigg24 & LiggO 

Emigg24 & Emigg36 

Emigg24 & MkP6 

Emigg24 & MkP12 

Emigg24 & MkP24 

Emigg24 & MkP36 

Emigg24 & MkL6 

Emigg24 & MkL24 

Emigg24 & MkL36 

Emigg36 & MkL24 

Emigg36 & MkL36 

Emigg36 & MkP6 

Emigg36&MkP12 

Emigg36 & MkP24 

Emigg36 & MkP36 

Emigg36 & Lglu4/19 

Emigg36 & LiggO 

r 

-.49 

-.26 

-.37 

.27 

-.35 

.67 

.46 

.57 

.87 

.75 

-.34 

-.62 

-.64 

-.31 

-.75 

.34 

.61 

.75 

-.40 

-.27 

-.32 

P value 

.003 

.06 

.008 

.06 

.01 

.0001 

.003 

<.001 

<.001 

<.001 

.03 

<.001 

<.001 

.03 

<.001 

.03 

<.001 

<.001 

.003 

.05 

.02 

" See Table 3.10 for explanation of symbols 
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Table 3.11 (Continued). 
Trait combination 

MkP0&Lglu4/19 

MkPO & BCS3/20 

MkP6&MkL12 

MkP6 & MkL36 

MkP6&MkP12 

MkP6 & MkP24 

MkP6 & MkP36 

MkP6&MkL0 

MkP6 & Lglu6 

MkP6 & Lglu4/19 

MkP6 & Lbun36 

MkP6 & LiggO 

MkP6 & BCS3/20 

MkP6 & BCS4/6 

MkP12&MkL6 

Correlation of All Values of Significance". 
r 

-.47 

-.55 

-.49 

-.42 

.71 

.36 

.33 

-.35 

-.29 

-.33 

.38 

-.28 

-.27 

-.20 

-.41 

P value 

.04 

.007 

.007 

.004 

<.001 

.02 

.04 

.11 

.06 

.04 

.01 

.07 

.07 

.17 

.01 

Trait combination 

MkP12&MkL12 

MkP12&MkL24 

MkP12&MkL36 

MkP12 & MkF36 

MkP12&MkF4/18 

MkP12 & Lglu4/19 

MkP12&Lbun36 

MkP12 & LiggO 

MkP12&BCS3/20 

MkP12&MkP24 

MkP12&MkP36 

MkP12&MkF0 

MkP12&MkF6 

MkP12&MkF12 

MkP12 & MkF24 

r 

-.61 

-.49 

-.65 

-.13 

-.25 

-.34 

.25 

-.37 

-.34 

.66 

.58 

.33 

-.25 

-.33 

-.19 

P value 

<.001 

.003 

<.001 

.34 

.10 

.01 

.08 

.009 

.01 

<.001 

<.001 

.13 

.13 

.01 

.17 

' See Table 3.10 for explanation of symbols 
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Table 3.11 (Continued). 
Correlation 

MkP12&MkF36 

MkP12&MkF4/18 

MkP24 & MkL24 

MkP24 & MkL36 

MkP24 & MkP36 

MkP24&MkF12 

MkP24 & MkF24 

MkP24 & Lglu4/19 

MkP24 & Lbun36 

MkP24 & LiggO 

MkP24 & EgluO 

MkP24 & Ebun6 

MkP36 & MkL24 

MkP36 & MkL36 

MkP36&MkF12 

MkP36 & MkF24 

MkP36 & Lglu4/19 

MkP36 & LiggO 

Correlation of A 
r 

-.13 

-.25 

-.56 

-.78 

.85 

-.57 

.36 

-.41 

.32 

-.41 

-.39 

-.23 

-.32 

-.73 

-.61 

-.47 

-.36 

-.29 

P value 

.34 

.10 

<.001 

<.001 

<.001 

<.001 

.006 

.003 

.02 

.004 

.01 

.1 

.02 

<.001 

<.001 

<.001 

.009 

.04 

1 Values of Significance". 
Correlation 

MkP36 & EgluO 

MkP36 & Ebun6 

MkP4/18&MkL4/18 

MkP5/8 & MkL5/8 

MkF 12 & MkF24 

MkF12 & MkF36 

MkF24 & MkL12 

MkF24 & MkL24 

MkF24 & MkL36 

MkF36 & MkL36 

MkF36&MkL4/18 

MkF5/8 & MkL5/8 

MkL12 & MkL24 

MkL24 & MkL36 

MkL4/18&MkL5/8 

MkL4/18&4wkMkyd 

MkL5/8 & MkP5/8 

MkL5/8 & MkF5/8 

4wkMkyd & 8wkMkyd 

r 

-.33 

-.31 

-.69 

-.48 

.62 

.25 

-.35 

-.34 

-.43 

-.46 

-.24 

-.74 

.47 

.37 

.36 

.40 

-.48 

-.74 

.27 

P value 

.03 

.04 

<.001 

<.001 

<.001 

.08 

.01 

.008 

.001 

.005 

.09 

<.001 

.007 

.007 

.007 

.002 

<.001 

<.001 

.04 

See Table 3.10 for explanation of symbols 
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CHAPTER rv 

EWE AND LAMB PERFORMANCE THROUGH WEANING 

Absfract 

The objective of this study was to determine the effects of feeding Amaferm 60 d 

prepartimi to ewes through weaning on ewe and lamb body weight gain, body condition 

score, and milk yield. A second objective of this study was to determine if sex of lamb, 

type ofbirth (single, twin, or tiiplet), and ewe age (3-7) affects ewe and lamb body 

weight gain, body condition score, and milk yield. Sixty Rambouillet ewes bred by 

Rambouillet (n = 2) or Dorpcroix bucks (n = 2) were used in this study. The pregnant 

Rambouillet ewes were allotted randomly to four pens with 15 ewes per pen. Amaferm 

was added to the diet of two pens, whereas the other two pens were fed the control diet. 

The diets consisted of 0.91 kg of com and 0.23 kg of cottonseed meal (CSM) daily or 

CSM plus Amaferm (14.17 g per ewe) for the experimental groups. Lambs (n = 47 for 

control n = 48 for Amaferm) were given free access to a 16% CP creep feed after they 

were 10 days old. Body condition score 39 d postpartum was higher (P < 0.05) for 

Amaferm (2.65) compared with contiol (2.43) ewes. Supplementing Amaferm to ewes 

and lambs did not affect (P > 0.05) any other ewe or lamb BW gain, body condition 

score, or milk yield. Ewe body condition score BCS from parturition to weaning was 

higher (P < 0.05) for ewes nursing singles than ewes nursing twins, while ewe BCS was 

lowest (P < 0.05) for ewes nursing tiiplets. Ewe BCS and BW through the entire study, 

and lamb weaning weight differed (P < 0.05) with ewe age (3-yr to 7-yr). Four-week 

124 



milk yield differed (P < 0.05) for ewes nursing singles compared to ewes nursing twin or 

tiiplets. Supplementing Amaferm had very little effect on ewe and lamb performance or 

milk yield, however this study provided usefiil information about ewe age, and type of 

birth, and how they effect ewe BCS and BW, and lamb BW. 

Introduction 

Aspergillus refers to a ubiquitous group of fimgi that was discovered well over a 

100 yr years ago. Aspergillus is just one of many species of fungi. Aspergillus oryzae 

was separated from tiie Aspergillus flavus group in 1945 by Thom and Raper, to form two 

species (Jensen, 2001). Amaferm is a fungal extract from a specific sti-ain of Aspergillus 

oryzae and is manufactured using a two-step fermentation and complex extiaction 

process (Jensen, 2001). 

Before the mid 1990s, it was assumed that the extracts could not survive the 

proteolytic environment of the rumen (Chesson, 1994; Rode et al., 2001). Most research 

on fungal extracts in ruminant nutrition has been focused on fibrolytic degradation, 

primarily celluases and xynalayses. In the 1960s several researchers studied exogenous 

extracts fed in ruminant diets and their effect on feed digestibility and animal 

performance. Burroughs et al. (1960), Perry et al. (1960) Clark et al. (1961), and several 

others found both positive and negative effects on nutrient digestion and animal 

performance with the feeding of exogenous extracts to mminant animals. 

Recent studies have shown improvements of average daily gain, feed efficiency 

and milk yield in dairy cattle. Caton et al. (1993) reported that supplementing 
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:season Aspergillus oryzae to steers grazing cool-season pasture throughout the growing; 

increased OM intake and lowered NDF and ADF digestibilities in June and July, and 

increased amino acid flow to the small intestine. Judkins and Stobart (1988) reported 

increased DMI when lambs were fed an alfalfa-com mixed diet (10 % com) and were 

supplemented witii AO. Beharka et al. (1991) reported Amaferm supplemented calves 

were able to be weaned 1 wk earlier than nonsupplemented calves. 

The nutiient requirements of ewes increase in early lactation, especially ewes 

nursing twins or triplets. A negative energy balance is the resuh, which causes the ewe to 

use body reserves and can adversely affect milk production and lamb growth. Miller et 

al. (1999) concluded that increased milk yield leads to heavier weaned calves. Rode et al. 

(2001) found that feeding dairy cattle with a xylanase/cellulase enzyme mixmre that was 

applied to alfalfa hay cubes increased milk yield. Rode et al. (2001) found an increase in 

milk yield in the first 12 weeks of lactation when fed an enzyme-enhanced diet in 

comparison to a control group. 

During lactation, lactose synthesis from glucose in the mammary epithelial cells 

seems to be the rate-limiting step in milk synthesis (Neville et al., 1983). Glucose is the 

major precursor for the lactose synthesis, and glucose demand is highest during early 

lactation (Vizcarra et al., 1997). Rutter and Manns (1991) reported that losses m BCS 

and/or weight loss are closely associated with decreased plasma glucose levels. The rate 

of lactose synthesis is considered to be an important factor in the control of milk yield 

(Neville et al., 1983). 
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The objective of this study was to determine the effects of feeding Amaferm 60 d 

prepartum to ewes through weaning on ewe and lamb body weight gain, body condition 

score, and milk yield. 

Materials and Methods 

Sixty Rambouillet ewes bred by either Rambouillet (n = 2) or Dorpcroix bucks (n 

= 2) were used in this study. The study was performed at the Texas Tech University 

Research Farm in Lubbock Texas. The pregnant Rambouillet ewes were allotted 

randomly to four pens with 15 ewes per pen. Amaferm was added to the diet of two 

pens, whereas the other two pens were fed the control diet. The diets consisted of 0.91 kg 

of com and 0.23 kg of cottonseed meal (CSM) daily or CSM plus Amaferm for the 

experimental groups. All animals had free access to water, native mixed (several 

varieties of bluestem, and klein) grass hay, and minerals. Amaferm was added to the 

CSM at 14.17 g per ewe to the treatment groups. Both groups were adapted to the diet 

for 2 wk after which Amaferm was added to the treatment group. Two weeks before 

parturition, all animals were given an exti-a 0.23 kg of com per ewe and an additional 

0.23 kg of com per ewe 2 wk postpartum to increase the dietary energy supply. The 

study began 60 d prepartum, and the diets were fed through weaning (60 d postpartum). 

Ewes were weighed and assigned a BCS at the beginning of the study and every 28 d 

thereafter until weaning. Body condition was scored from least to most condition (1-5). 

Weights were taken at birth for lambs and then every 28 d for ewes and lambs until 

weaning. Ewes and lambs were weighed on a True Test (Model EZI weigh 2) tiiat 
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weighs to tiie nearest 0.0453 kg. Lambs (n = 47 for control n = 48 for Amaferm) were 

given free access to a 16% CP creep (Table 4.1) feed after they were 10 d old. All pre-

and postpartum dates are based on the average days from parturition. 

Milk samples were taken by hand shipping milk from each teat and pooling a 

sample for each ewe. Samples were taken at partiirition, and 6, 12, 24, 36h, 4 wk, and 

8wk postpartum (weaning). Milk samples from the ewes were sent to Parmadish 

Seepersad at the DHIA lab at Texas A&M University in College Station, TX for analysis. 

Samples were analyzed for protein, fat, and lactose content using an infra-red (IR) 

specti-ophotometer. Daily milk yield was determined at 4 wk and 8 wk postpartum and at 

weaning. Two methods were compared: milking machine and the weigh-suckle-weigh 

(WSW) method. The two methods were performed at the same time on consecutive days 

in all milking sessions. The WSW method was performed on the first day, and the 

milking machine method was used on the next day. In this smdy, 3 h milk yields (gm) 

were taken and converted to a 24 h milk yield. Ewes and lambs were separated for 1 h 

and then allowed to commingle and nurse for 30 min. The ewes and their offspring were 

again separated, and after 3 h, the ewes were milked or lambs were weighed using an 

Ohaus scale that weighs to the nearest 0.0453 kg (Model DS20L Florham, NJ), and 

allowed to nurse and weighed again. The difference in weight of the lamb was the 3 h 

milk yield. A Cobimi Porta-Milker (The Cobum Co. Inc. Whitewater, WI) was the 

machine milking used in this study. The machine vacuum was set at 12 Kpa, which is 

optimal for sheep and goats. Before attaching the two-claw system, the ewe's teats were 

cleaned and hand stripped for approximately a 25-mL sample. The milking unit then was 
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attached and continued to collect milk into the catch chamber until no milk was observed 

coming out of tiie teat. The milk was then weighed (grams) (Metier scale that weighs to 

tiie nearest 0.1 g (Model DE24) and pooled with the weight of the hand stripped samples 

to acquire a total milk yield. Breed effects of blood parameters, milk composition and 

yield, ewe and lamb performance, and lamb feedlot performance and carcass 

characteristics are discussed in Chapter VI. 

Statistical Analyses 

Data from this completely random design were analyzed using the GLM 

procedure of SAS (1999) with an alpha level of 0.05. Animal was the experimental unit, 

and means were separated using Least Squares Means (Lsmeans) and Fischer's Protected 

Least Significant Difference Test (LSD). Independent variables were regressed on the 

dependent variables to determine the slope and relationship between measurements. 

Independent variables were treatment, time, number of lambs (NOL), sex, and breed. 

Dependent variables were blood and milk constituents, milk yield, weights, and body 

condition scores. Pearson correlation coefficients were analyzed using the PROC CORR 

procedure of SAS (1999) to measure relationships between ewe and lamb blood, milk, 

and performance data in response to supplementing Amaferm. Breed effects are 

included in this statistical analyses, but were moved from this chapter and compiled with 

breed effects of Chapters III and V, and are discussed in Chapter VI 
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ResuUs 

Single lambs were heavier (P < 0.001) at birth than lambs bom as twins or triplets 

(Table 4.2). Four-year-old ewes gave birth to heavier lambs than 3-, 5-, 6-, or 7-yr-old 

ewes (P < 0.05; Table 4.3). Ewe BW-22 d prepartum (Ewt-2/16) when regressed on lamb 

birtii weight (Lbwt) had a slope estimate of (0.037 + 0.008) that was significant (P < 

0.001), whereas sex of tiie lambs approached significance for Lbwt (P < 0.10). 

Lamb weaning weight (Lwnwt) did not differ between single and twin-reared 

lambs but was lower (P < 0.001) for lambs reared as tiiplets (Table 4.2). Weaning weight 

was least for lambs bom to 3-yr-old ewes (P < 0.05) and weaning weights were heaviest 

for lambs bom to 5-yr-old ewes, but decreased as ewe age (Eage) (5 yr or older) 

increased (Table 4.3). Lamb wean weight when regressed on Lbwt was significant (P < 

0.001) witii a slope of (1.61 - 0.5). 

Lamb weight 10 d postpartum (Lwt-3/20) was affected (P < 0.001) by number of 

lambs (NOL) with single lambs being heaviest, lambs reared as twins being intermediate, 

and lambs reared as tiiplets being lightest (Table 4.2). Also Lbwt tended (P < 0.10) to 

affect Lvv4-3/20. Lambs with the heaviest birth weight still weighed more 10 d 

postpartum than lambs with lighter birth weights. Lamb weight 10 d postpartum when 

regressed on ewe BW 22 d prepartum and ewe BW 10 d postpartum (Ewt-3/20) was 

significant (P < 0.05 and P < 0.05), with slopes of (0.11 - 0.04) and (-0.10 - 0.04) 

respectively. 

Lamb weight 25 d postpartum (Lvi4-4/4) was affected by NOL (P < 0.001), witii 

single lambs being heaviest, lambs reared as twins being intermediate, and lambs reared 
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as tiiplets being lightest (Table 4.2). Male lambs were heavier (P < 0.01) than female 

lambs 22 d postpartum (Figure 4.1). Lamb BW 25 d postpartum when regressed on ewe 

BW 22 d prepartum and ewe BW 10 d postpartum was significant (P < 0.005 and P 

0.05) witii slopes of (0.15 - 0.05 and -0.11 ± 0.05) respectively, hi addition, Lbwt (P 

0.10) and BCS 25 d postpartum tended (P < 0.10) to influence lamb BW 25 d postpartum. 

Lamb BW 39 d postpartum when regressed on Lbwt was significant (P < 0.05) 

and had a slope of (1.26 - 0.5). In addition, lamb BW 39 d postpartum when regressed on 

4-wk miUc fat and protein had P values and slopes of (P < 0.01) (-2.45 - 0.9) and (P < 

0.10) (2.52 - 1.1) respectively. Lamb weights regressed on 5/8 were not affected (P > 

0.05) by any variables in the model. 

Ewe BW 50 d prepartum was affected by Eage (P < .005; Table 4.4) and NOL 

(P < 0.05; Table 4.5). Ewe weights did not differ for 3 and 4 yr old ewes, but were 

lighter (P < 0.05) than 5-, 6-, and 7-yr-old ewes. Ewes carrying single lambs were lighter 

(P < 0.05) than ewes carrying twin or triplets. 

Ewe weight 22 d prepartum was affected by Eage (P < 0.01; Table 4.4) and 

NOL (P < 0.05; Table 4.5). Ewe weights for 3 and 4-yr-old ewes were not different from 

5-yr-old ewes but were lighter (P < 0.05) than 6 and 7-yr-old ewes. Ewes carrying twin or 

tiiplets did not differ in weight, but were heavier (P < 0.05) than ewes carrying single 

lambs. 

Ewe age (Eage) (P < 0.005; Table 4.4) and NOL (P < 0.005; Table 4.5) affected 

ewe BW 10 d postpartum. Ewe BW 10 d postpartum did not differ for 3-, 4-, and 7-yr-

old ewes, but was lower (P < 0.05) than 5- and 6-yr-old ewes. Ewes carrying single and 
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tiiplet lambs were similar in BW, but lighter (P < 0.05) than ewes carrying twin lambs. 

Ewe BW 10 d postpartum when was regressed on Lbwt was significant (P < 0.0005) with 

aslopeof(5.09±1.3). 

Ewe age (Table 4.4) affected (P < 0.005) ewe BW 39 d postpartum. Ewe BW 40 

d postparttim for 3- and 4-yr-old ewes did not differ, but were lighter (P < 0.05) than 5-, 

6-, and 7-yr-old ewes. Ewe BW 40 d postpartum when regressed on Lbvî  was 

significant (P < 0.05) with a slope of (4.58 - 2.0). Ewe BW at weaning was affected only 

by Eage (P < 0.01; Table 4.4). Ewe weights were for 3- and 4-yr-old ewes were not 

different (P > .05) from 5-yr-old ewes, but were lighter (P < 0.05) than 6- and 7-yr-old 

ewes. 

Body condition score 10 d postpartum was affected by NOL (P < 0.001), with 

ewes carrying single lambs having the highest BCS, ewes carrying triplets having the 

least, and ewes carrying twins being intermediate (Table 4.6). Body condition score 25 d 

postpartum (BCS-4/4) was affected by Eage (P < 0.01; Table 4.7), NOL (P < 0.0005; 

Table 4.6), and sex (P < 0.05; Figure 4.2). Three-, 4-, and 5-yr-old ewes had similar BCS 

25 d postpartum, but their BCS' was lower (P < 0.05) than 6- and 7-yr-old ewes. Ewes 

rearing single, twin, or tiiplets differed (P < 0.05), with ewes nursing single lambs having 

the highest BCS and ewes nursing triplets having the lowest BCS 25 d postpartum. Body 

condition score 25 d postpartum when regressed on Lbv̂ ^ (P < 0.05) was significant with 

a slope of (0.04 - 0.02). Ewes rearing male lambs had higher (P < 0.05) BCS 25 d 

postpartum than ewes rearing female lambs. 
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Treatinent (P < 0.05; Figure 4.3), Eage (P < 0.01; Table 4.7), and NOL (P < 

0.001; Table 4.6) affected BCS 39 d postpartum. Ewes consuming the Amaferm diet had 

a higher BCS 39 d postpartum than conti-ol ewes. Ewes that were 3,4, and 5 yr old had 

similar BCS 39 d postpartum and were lower (P < 0.05) than 6- and 7-yr-old ewes. Ewes 

rearing single, twin, or tiiplet lambs differed in BCS 39 d postpartum. Ewes nursing 

single lambs had the highest BCS, and ewes nursing triplets had the lowest BCS 39 d 

postpartum. Body condition score 39 d postpartum was significant (P < 0.05) when 

regressed on 8-wk lactose with a slope of (-0.57 - 0.24). Body condition score at 

weaning (60 d postpartum) was only affected by NOL (P < 0.005; Table 4.6). Ewes 

rearing single, twin, or triplet lambs differed in BCS at weaning, with ewes nursing single 

lambs having the highest BCS and ewes nursing triplets having the lowest BCS. Ewe 4-

wk milk yield tended (P < 0.10) to be affected by NOL (Figure 4.4). Our 8-wk milk yield 

did not affect ewe BCS at weaning. 

Correlation 

Lamb birth weight and Lwnwt were negatively correlated with NOL (r= -0.38) 

and (r = -0.59) respectively. Lamb birth weight and Lwnwt were positively correlated (r 

= 0.50). Lamb birth weight was positively correlated witii all ewe weights and ewe BCS 

for all dates (r = 0.85). Ewe BCS was highly correlated to the corresponding ewe weight 

for the same date, which agrees with the results of Vizcarra et al. (1997), who reported 

that changes in body weight as a result of nutiient intake are highly correlated with 

changes in body condition score. Ewe milk protein and fat were negatively correlated 
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with ewe BCS for all dates. Body condition scores of ewes were not correlated to ewe 

glucose concentrations, which confradicts the results of Adams et al. (1987), who 

reported that concenti-ations plasma glucose were affected by BCS in cattle. Rutter and 

Manns (1991) reported that losses in BCS and/or weight loss were closely associated 

witii decreased plasma glucose concentiations in cattle. Smith and Prior (1986) reported 

that the most pronounced difference between ovine and bovine adipose tissues was 

related to glucose metabolism, which may explain these differences. Total glucose 

utilization by ovine adipose tissue was stimulated two- to three-fold by the addition of 

acetate and lactate, reflecting large increases in CO2 production compared with bovine 

adipose tissue (Smith and Prior, 1986). 

Discussion 

Lamb birth weight increased as the number of lambs the ewe carried decreased, 

which indicates that nutritional requirements differed for single, twin, and triplet lambs. 

Carrying capacity also might influence Lbwt through number of lambs carried by the 

ewe. Lamb birth weight was greater only for 4-yr-old ewes than 3-, 5-, 6-, and 7-yr-old 

ewes, which might be a result of ewes partitioning nutrient at different ages. 

Lamb weaning weight, lamb BW 10 and 25 d postpartum decreased as the 

number of lambs nursing increased from single to triplet. In addition lamb wean weight 

increased as tiie age of the ewe increased from 3 to 4 yr old and became linear from 4 to 7 

yr of age, which is likely a result of milk production increasing with ewe age and peaking 
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from 4 to 5 yr of age. Sex affected lamb BW 25 d postpartum, with males being heavier 

tiian females, but sex was not a significant thereafter. 

Beharka et al. (1991) reported that calves supplemented with Amaferm had higher 

counts of fiber-digesting bacteria in the rumen that degraded pectin, hemicellulose, and 

cellulose than non-supplemented calves. The Amaferm-supplemented calves weaned 1 

wk earlier tiian non-supplemented calves (Beharka et al., 1991). hi the present smdy, the 

Amaferm treatment did not affect preweaning growth compared to the control. 

Four- and 8-wk milk yields did not affect lamb growth, which is disagreement 

witii the results of Lewis et al. (1990) and Miller et al. (1999), who found milk yield 

influenced preweaning growth in calves. No past research was found for sheep. 

Amaferm supplementation did not affect 4- or 8-wk milk yields, which contradicts the 

findings of Gomez-Alarcon et al. (1991), who reported a higher efficiency of milk yield 

for early lactating cows on a high-concentrate diet supplemented with Aspergillus orzyae 

through a 12-wk study. However, Peart (1967) reported that prepartum nutrition did not 

affect postpartum milk production in sheep. 

Ewe weights on 50 and 22 d prepartum, 10 and 39 d postpartum, and at weaning 

did not differ for 3- and 4-yr-old ewes, but increased from 4- to 7-yr-old ewes. This result 

might be explained by nutritional partitioning and lactational status of the ewe. Ewes 

carrying multiple lambs were heavier than ewes carrying single lambs between 50 and 22 

d prepartum. Ewes carrying twins had higher weights 10 d postpartum compared with 

ewes carrying or nursing single or triplets. The reason ewe BW 10 d postpartum was 
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similar for ewes carrying single and triplets was because the majority of the ewes 

carrying triplets had already lambed, thereby decreasing their weight. 

Body condition scores followed the same pattem as their corresponding ewe 

weights for tiie most of the variables on the same date. One exception was ewe BCS 10 d 

postpartum compared to Ev^ 10 d postpartum. The decrease in ewe BW 10 d postpartum 

compared to BCS 10 d postpartum validates the previous hypothesis that the majority of 

ewes carrying triplets had lambed before to 3/20 (average 10 d postpartum date) causing 

ewes rearing triplets to have similar BW to ewes carrying singles. The ewe BCS for 3/20 

was highest for ewes carrying singles and decreased linearly with ewes carrying triplets. 

This result might be explained by the additional nutritional requirements needed by the 

ewe when carrying multiple offspring. Body condition score 25 d postpartum was also 

was affected by sex and treatment. The tieatment effect was possibly a result of 

nutritional factors such as reported by Gomez-Alarcon (1990), who observed an increase 

in rate of ruminal fermentation, when Aspergillus oryzae (3 g/d) was supplemented to 

Holstein cows consuming either an alfalfa-, milo-, or wheat straw roughage-based diet. 

Gomez-Aalarcon (1990) also reported that digestion of ADF and NDF was increased for 

the higher roughage diet, but the addition of Aspergillus oryzae did not increase 

digestion. Rode et al. (2001) reported that feeding dairy cattle with a xylanase/cellulase 

enzyme mixture that was applied to alfalfa hay cubes increased milk yield and milk 

lactose. The enzymes were fed at two levels 0.5 g/kg or 1.0 g/kg of DM. Milk yield 

increased by 1.0 kg/d and 2.0 kg/d for the low and high level of enzyme addition, 

respectively (Rode et al., 2001), representing a 4 and 8% increase, respectively. 
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compared witii a conti-ol group. Milk fat and protein did not change; however, there was 

an increase in milk lactose (Rode et al., 2001). Rode et al. (2001) found an increase in 

milk yield in the first 12 wk of lactation when cows were fed an enzyme-enhanced diet 

compared with a confrol group. Rode et al. (2001) also observed higher milk lactose and 

protein concentrations tiiroughout the 12 wk lactation, but milk fat was only increased in 

the first 3 wk of lactation and then fell below the level of the control cows. The autiiors 

concluded that the increased energy availability of feed using enzymes was most likely a 

result of negative energy balance in early lactation (Rode et al., 2001). Rode et al. 

(2001) also concluded that a possible reason for lower miUc fat after the 3 wk could have 

been caused the observed lower acetate-to-propionate ratio. Krause et al. (1998) found 

similar acetate-to-propionate ratios when using the same enzyme mixture as Rode et al. 

(2001) in dairy cattle. 

Conclusions 

Supplementing Amaferm to ewes 60 d prepartum through weaning (60 d 

postpartum) increased ewe BCS 39 d postpartum, but did not affect any other ewe BCS 

or ewe and lamb body weight periods. Ewe BCS and body weights differed with ewe age 

throughout the study. In addition, ewes nursing single lambs had the highest BCS and 

ewes nursing triplets had the lowest BCS throughout the study. Finaly, milk yield was 

not affected by treatment, but at 4 weeks was lowest for ewes nursing singles. 
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Table 4.1. Lamb Creep Diet. 
Dry mattei 

Com 
Soybean meal 
Cottonseed meal 
Cottonseed hulls 
Limestone 
Amonium chloride 
Molasses 
Alfalfa pellets 
Calcium carbonate 
Salt 
Vitamin A 
Vitamin D 
Vitamin E 
Selenium 
Aureomycin 

63.2 
10.0 
10.0 
2.5 
1.5 
0.3 
6.25 
7.5 
1.0 
0.50 
0.0035 
0.0075 
0.002 
0.0044 
0.025 
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Table 4.2. The Effect of Type of Birth on Lamb Weight (kg). 
Type ofbirth 

Weigh period Single Twin Triplet SEM 

Birth weight 4.86" 3.86" 3.66" 0.13 

10 d postpartum 9.92" 8.40" 6.79" 0.45 

25dpostpartum 14.22" 11.87" 8.13" 0.63 

39 d postpartum 15.52" 16.00" 16.63" 0.65 

56 d postpartum* 24.55" 23.61" 19.30" 0.68 
"' '"Means within rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
56 d postpartum = lamb weaning. 
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Table 4.3. The Effect of Ewe Age on Lamb Weight (kg). 

Ewe age (yr) 
Weigh period 3 4 5 6 7 SEM 

Birth weight 3.92" 4.47" 3.99" 3.96" 4.29" 0.18 

10 d postpartum 7.98" 8.96" 8.10" 8.17" 8.65" 0.46 

25 d postparttim 10.44" 11.58" 11.17" 11.58" 12.12" 0.57 

39 d postpartum 15.82" 15.96" 16.69" 16.12" 14.68" 0.90 

56 d postpartum* 20.00" 22.78" 24.2l" 22.68" 23.2l" 0.90 
"'"Means witiiin rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
56 d postpartum = lamb weaning. 
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Table 4.4. The Effect of Ewe Age on Ewe Body Weight (kg). 

Weigh period 
50 d prepartum 

22 d prepartum 

10 d postpartum 

39 d postpartum 

56 d postpartum 

3 
78.01" 

85.72" 

72.12" 

72.12" 

60.78" 

4 
78.01" 

86.18" 

69.39" 

67.13" 

64.86" 

Ewe age (yr) 
5 

83.46" 

90.26"" 

76.65"" 

76.75" 

70.30"" 

6 
85.72" 

93.44" 

80.73" 

80.67" 

75.74" 

7 
83.00" 

92.88" 

73.02" 

76.65" 

73.02" 

SEM 
1.89 

1.89 

2.24 

2.95 

3.03 

"'"Means within rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
*56 d postpartum = lamb weaning. 
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Table 4.5. The Effect of Type of Birth on Ewe Body Weight (kg). 
Type ofbirth 

Weigh period Single Twin Triplet SEM 

50 d prepartum 78.01" 82.55" 84.36" 0.63 

22dprepartum 86.18" 91.17" 91.62" 1.68 

10 d postpartum 74.38" 79.37" 69.39" 1.96 

39 d postpartum 74.13" 73.12" 70.95" 2.37 

56 d postpartum* 71.75" 70.24" 65.44" 2.46 
"' Means within rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
56 d postpartum = lamb weaning. 
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Table 4.6. The Effect of Type of Birth on Ewe Body Condition Score (1-5 scale).* 
Type ofbirth 

Weigh period Single Twin Triplet SEM 

10 d postpartum 3.02" 

25 d postpartum 2.96" 

39 d postpartum 3.05" 

56 d postpartum** 2.64" 
"' '"Means within rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
56 d postpartum = lamb weaning. 

*'l-5 body condition score = 1 being the least and 5 being the most body condition. 

2.76" 

2.78" 

2.69" 

2.42"" 

1.68" 

1.87" 

1.88" 

1.84" 

0.08 

0.06 

0.08 

0.10 

145 



Table 4.7. The Effect of Ewe Age on Ewe Body Condition Score (1-5 scale).* 
Ewe age (yr) 

Weigh period 3 4 5 6 7 SEM 
10 d postpartum 

25 d postpartum 

39 d postpartum 

56 d postpartum** 

2.43" 

2.42" 

2.29" 

2.13" 

2.49" 

2.44" 

2.31" 

2.12" 

2.49" 

2.45" 

2.48" 

2.39"" 

2.72" 

2.7l" 

2.60" 

2.30"" 

2.32" 

2.67" 

3.01"" 

2.56" 

0.09 

0.08 

0.11 

0.14 
"'"'"Means within rows with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
56 d postpartum = lamb weaning. 

**l-5 body condition score = 1 being the least and 5 being the most body condition. 
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Sex of lamb 

I male •female 

Figure 4.1. The effect of sex of lambs on lamb BW 25 d postpartum (SEM = 0.36). 
"'"Means with different superscripts differ (P < 0.05). 
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Sex of lamb 

Dmale • female 

Figure 4.2. The effect of sex of lambs on ewe body condition score (BCS) 25 d 
a,b postpartum (SEM = 0.04). "' Means with different superscripts differ (P < 0.05). 
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Treatment 

I Amaferm diet •control diet 

Figure 4.3. The effect of diet on ewe body condition score (BCS) 39 d postpartum (SEM 
a,b = 0.06). • Means with different superscripts differ (P < 0.05). 

149 



2 

I 
UJ 

4000 

3000 

CM 2000 

1000 

Type of birth 

@single • tw in Dtriplet 

Figure 4.4. The effect type ofbirth on ewe 4 wk milk yield (SEM = 1278). 
"'"Means with different superscripts differ (P < 0.05). 
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CHAPTER V 

LAMB FEEDLOT PERFORMANCE AND CARCASS CHARACTERISTICS 

Abstract 

The objectives of this study were to determine differences between breed and 

freatinents for growth performance, feed efficiency and carcass characteristics of lambs 

eitiier fed a 14% finishing control diet or a similar diet containing Amaferm (14.67 

g/lambs daily; AMF), which is a fimgal extract of Aspergillus oryzae. Within the 

Amaferm group, Dorpcroix x Rambouillet and Rambouillet lambs were blocked by breed 

and sex and assigned randomly to four pens with eight lambs in two pens and nine lambs 

in two pens. Within the conti-ol group, Dorpcroix x Rambouillet and Rambouillet lambs 

group were blocked by breed and sex and assigned randomly to four pens with eight 

lambs in two pens and nine lambs in two pens. Initial weights were similar 33 kg - 0.84 

kg. Each diet (n = 2) was fed to four pens, which were of two breeds. There was no 

difference (P > 0.05) observed for ADG between Amaferm supplemented (0.29 kg) and 

control (0.26 kg) lambs. Feed-to-gain ratio did not differ (P = 0.5) between treatments, 

but ADFI tended to be higher (P = 0.19) for Amaferm supplemented (4.14 kg) compared 

with control (3.89) lambs. Wether lambs from both breeds were slaughtered and carcass 

data was collected (n = 33). Quality grade, flank streakings, yield grade, fat thickness, 

and carcass weight did not differ between treatments (P > 0.3). Leg score was higher (P 

< 0.01) for the Amaferm supplemented (595) than for control (530) lambs. In this study, 

Amaferm addition to the diet did not affect ADG, feed efficiency, or feed intake. The 
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only carcass measurement that was affected was leg score, which was higher for lambs 

fed Amaferm. 

Introduction 

Improving animal feeding efficiency, grov̂ ĥ, and carcass characteristics is an 

ongoing objective in the field of animal science. Researchers have been testing feed 

additives and growth enhancers in animals for many years. Amaferm is a fimgal exfract 

feed supplement produced and sold by Biozyme™ Corporation. The fungal exti-act is 

from Aspergillus oryzae. Both Aspergillus oryzae and Amaferm when added to tiie diet 

have increased fiber, DM, and CP digestibility in vitro and in vivo. In addition, increases 

in VFA conencfrations have been reported when these supplements were added to the 

diet. Niver et al (1973) reported an increase in fiber digestion by lambs supplemented 

with Amaferm in a metabolism trial, which agreed with the results of Wiedmeier et al. 

(1987), who found an increase in DM, CP, and fiber digestion when Amaferm was 

supplemented to four canulated Holstein cows. Gomez-Alarcon et al. (1990) reported an 

increase of fiber digestion with Aspergillus oryzae by mmen microbes in vitro. Beharka 

et al. (1991) reported increased total VFA concentrations and higher ruminal microbial 

activity in Holstein calves supplemented with Amaferm. In contrast, Judkins and Stobart 

(1988) reported no change in VFA concentrations and DM digestibility when two levels 

of Amaferm were supplemented in a 10% and 25 % com diet fed to lambs, but observed 

a difference in cell wall digestibility when Amaferm was added to the 10% com diet. 
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Results from feedlot sttidies have varied with respect to the efficacy of 

supplementation of fimgal products. Burroughs et al. (1960) reported increased weight 

gain and feed efficiency in feedlot cattle when fimgal enzymes were added to a high-

concenti-ate diet. Similarly, Hatfield and Hixon (1975) reported improved ADG and 

improved feed efficiency in cattle supplemented with Amaferm; however. Herring and 

Hallford (1990) found no differences in ADG, feed efficiency, or feed intake, but 

reported tiimmed leg weight as a percentage of chilled carcass weight was greater in 

lambs supplemented with Amaferm. Theurer et al. (1963) reported similar resuUs to that 

of Herring and Hallford (1990) on ADG and feed efficiency by lambs when adding a 

fungal enzyme treatment to a feedlot fattening diet. 

The objective of this study was to determine if long-term (from bfrth to 

slaughter) supplementation of Amaferm had any influence on feedlot performance or 

carcass characteristics of lambs compared to control lambs that had never received any 

Amaferm supplementation. 

Materials and Methods 

Lambs (n = 34 in Amaferm group and 34 in control group) from the study 

described in chapters III and IV were weaned from their dams at 60 d postpartum and 

changed from a 16% creep diet (feed composition in Chapter IV) to a 14% CP growing 

diet (Table 5.1). Lambs were kept in their original treatment groups and fed the growing 

diet for 30 d. Intitial weights did not differ 33 kg + 5.2 kg. Thereafter, within the 

Amaferm group, Dorpcroix x Rambouillet and Rambouillet lambs were blocked by breed 
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and sex and assigned randomly to four pens with eight lambs in two pens and nine lambs 

in two pens. Within the conti-ol group, Dorpcroix x Rambouillet and Rambouillet lambs 

group were blocked by breed and sex and assigned randomly to four pens with eight 

lambs in two pens and nine lambs in two pens. Lambs were adapted to a finishing diet 

(Table 5.2) and fed until slaughter. Amaferm was added to the diet at 14.67 g/hd/d. 

All lambs were weighed every 7 d through slaughter. Lambs were weighed on a 

True Test (Model EZI weigh 2) that weighs to the nearest 0.0453 kg. Ewe lambs were 

fed to an end weight of 52 kg and, wether lambs to an end weight of 58 kg. Only wether 

lambs (n = 33) were slaughtered because the need to save the ewe lambs for replacement 

animals in the breeding flock and for future smdies with the Dorpcroix breed. Average 

daily gain, average daily feed intake (ADFI), feed:gain ratio, measurements were 

collected. Feed intake was measured by subfracting daily refusals (kg) from daily feeding 

amounts (kg). Lambs were shipped by trailer to Ranchers Lamb Inc. in San Angelo, TX, 

where they were slaughtered. Brian King from the Texas Tech University Meat 

Laboratory collected carcass data at Ranchers Lamb Inc. Carcass characteristics 

including, cold carcass weight, leg score, flank streaking, fat thickness, adjusted fat 

thickness, yield grade, and quality grade were recorded. Fat thickness was measured at 

the 12'" rib, and flank streaking (FS) was scored and used as a measure of quality. The 

scale from least to the most streaking was devoid (D), practically devoid (PD), slight 

(SL), small (SM), modest (MT), moderate (MD) slightly abundant (SLAB), and abundant 

(AB). Leg scores (LS) were used to give a carcass a muscle score. The scale from least 

to the most muscling was practically devoid, slight, small, modest, moderate slightiy 
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abundant, and abundant. Both scales assign a numerical value to each scale value: 

practically devoid = 200, slight = 300, small = 400, modest = 500, moderate = 600, 

slightly abundant = 700, and abundant = 800. Yield grade is based on the fat thickness 

(FT) at the 12' rib, and quality grade (QG) is based on the leg and flank streakings score. 

Breed effects of blood parameters, milk composition and yield, ewe and lamb 

performance, and lamb feedlot performance and carcass characteristics are discussed in 

chapter VI. 

Statistical Analyses 

Data were analyzed as a completely random block design using the GLM 

procedure of SAS (1999). Arumal was the experimental unit for ADG, final lamb BW, 

lamb total gain, carcass weight, leg score, fat thickness, flank streaking, yield grade, and 

quality grade, because of mixed sex pens and only males were slaughtered. Pen was the 

experimental unit for average daily feed intake (ADFI), feed to gain ratios (F to G), and 

pen gain. Means were tested with against one another using a two-tailed T test. 

Dependent variables were average daily gain, final lamb weight, lamb total gain, carcass 

weight, leg score, fat thickness, flank streaking, yield grade, and quality grade. 

Independent variables were breed, treatment and sex for feedlot data, and treatment and 

breed for carcass data. Interactions tested were treatment x breed in both feedlot data and 

carcass data. Breed effects are included in this statistical analyses, but were taken out of 

this chapter and compiled with breed effects of Chapters III and IV, and are discussed m 

Chapter VI. 
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Results 

Lamb ADG was not affected by breed or sex, but tended to be affected (P < 0.20) 

by ti-eatinent. Total lamb gain was not influenced (P > 0.05) by ti-eatinent. Pen ADG 

tended to be higher for Amaferm-fed lambs (P < 0.20) compared with the lambs on the 

conti-ol diet. Treatinent, breed, or sex did not affect feed-to-gain ratio. Average daily 

feed intake (ADFI) was slightly higher for lambs consuming the Amaferm-supplemented 

diet (P < 0.10) compared with the control group. All lamb performance and feed 

efficiency data is reported in Table 5.4. 

Carcass weight tended to be higher for Amaferm-fed lambs (P < 0.20) than for 

conti-ol lambs. Treatinent did not affect adjusted back fat thickness, yield grade, flank 

sti-eaking, or quality grade. Leg score was higher (P < 0.05) for lambs fed the Amaferm 

diet compared with the lambs fed the contiol diet. All carcass characteristics are reported 

in Table 5.5. 

Discussion 

There have been several recent studies reporting improvements in ADG, feed 

efficiency, but more importantly addressing the composition of the diet, type and level of 

fungal enzyme activities, and method of enzyme application (Rode et al., 2001). 

When fungal enzyme mixmres were added to a 95% grain diet, feed efficiency 

was improved by 11% in cattle consuming a barley-based diet, but maize-based diets 

were unaffected (Rode et al., 2001). Addition of Amaferm to the diet in the current 

study improved ADG slightly. Burroughs et al. (1960) reported improved weight gains 
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by fattening feedlot steers when a fimgal extract was added to the diet, but others have 

not shown increased weight gains (Theurer et al., 1963). Bull calves supplemented with 

low (0.5 g/hd/d) or moderate (1 g/hd/d) levels of Amaferm tended to have higher weight 

gains, increased daily feed intakes, and weaned earlier than bull calves supplemented 

witii a high level (3 g/hd/d) of Amaferm or non-supplemented animals (Beharka et al., 

1991). In the present study, male lambs had higher ADG over females, which would be 

expected. Average daily feed intake by the lambs in the present study was increased by 

Amaferm supplementation. Feed-to-gain ratio was unaffected by Amaferm in the present 

study, but Burroughs et al. (1960) reported improved feed efficiency in fattening cattle 

supplemented fungal enzymes. Hatfield and Hixon (1975) reported similar resuhs for 

cattle consuming both high-concentrate diets and low-quality forage diets. Adding 

Amamferm to a high-concentrate diet improved feed efficiency and carcass quality in 

steers (Clark et al., 1961). 

Adjusted backfat thickness, YG, FS, and QG were not affected by Amaferm 

supplementation in the present study. This finding agrees with the results of Herring and 

Hallford (1990) who found no difference in final feedlot weight, hot carcass weight, 

dressing percent, and quality grade in wethers supplemented Amaferm vs lambs fed a 

control diet. The only difference found between Herring and Hallford (1990) smdy and 

the present study was a tendency of Amaferm tieatment to increase carcass weight. 

Theuer et al. (1963) and Burroughs et al. (1960) reported similar findings. In tiie current 

study leg score was higher for Amaferm-fed lambs compared with control-fed lambs. 

This agrees with the resuUs from Herring and Hallford (1990), who reported no 
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differences in untiimmed leg, loin, but trimmed leg weight, as a percentage of carcass 

weight, increased linearly as the Amaferm level in the diet increased. 

Conclusions 

Long-term supplementation (birth to slaughter) of Amaferm did not affect lamb 

growth or feed efficiency. The only carcass characteristic affected was leg score, which 

was increased by the supplementation of Amaferm. Larger leg scores may indicate larger 

longissimus muscle area, and warrants fiirther research with fungal extracts (at different 

levels) in sheep diets. 
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Table 5.1. Lamb Growing Diet 
Dietary component % Dry matter basis 
Com 62.75 
Soybean meal 7.50 
Cottonseed meal 5.75 
Cottonseed hulls 15.00 
Limestone 1.50 
Ammonium chloride 0.50 
Molasses 6.25 
Alfalfa pellets 5.00 
Calcium carbonate 1.20 
SaU 0.50 
Vitamin A 0.0035 
Vitamin D 0.0075 
Vitamin E 0.002 
Selenium 0.0044 
Aureomycin 0-Q37 
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Table 5.2. Lamb Finishing Diet. 
Dietary component % Dry matter basis 
Com 
Soybean meal 
Cottonseed hulls 
Limestone 
Ammonium chloride 
Molasses 
Vitamin A 
Selenium 

62.75 
13.75 
15.00 
1.50 
0.50 
6.25 
0.0033 
0.0044 
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Table 5.3. Chemical Analysis of Finishing Diet. 
Dietary component % Dry matter basis 
DM 94.28 
CP 16.11 
Fat 3.35 
Ash 5.05 
ADF 16.87 
NDF 33.47 
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Table 5.4. Effects of Treatinent on Growth Performance and Feed Efficiency. 
Treatment 

Item Amaferm Control SEM 
Intitial wt., kg 

ADFI, kg/d 

ADG, kg/d 

Feed: gain ratio 

32.22" 

1.88" 

0.29" 

6.67" 

33.48" 

1.77" 

0.26" 

6.74" 

0.84 

0.06 

0.008 

0.16 
"' Means within a row with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
n = 33. 

163 



Table 5.5. Effects of Treatinent on Carcass Characteristics. 

Treatment 
Item Amaferm Control SEM 

Fat thickness, mm 8.45" 8.44" 0.66 

Adj. fat thickness, mm 8.58" 8.44" 0.62 

3.70" 0.26 

530" 20.0 

477" 18.5 

450^ 21.0 
Yield grade based on adjusted fat thickness. 
Leg score is a muscling score measured on a scale from least to the most muscling 
devoid = 100, practically devoid = 200, slight = 300, small = 400, modest = 500, 
moderate = 600, slightly abundant = 700, and abundant = 800. 
Flank streakings is a quality score measured on a scale from least to most streaking 
devoid = 100, practically devoid = 200, slight = 300, small = 400, modest = 500, 
moderate = 600, slightiy abundant = 700, and abundant = 800. 

****Quality grade is based on the leg and flank streakings score. The scale from lowest to 
highest, select" = 100, select = 200, select^ = 300, choice' - 400, choice = 500, 
choice"^ = 600, prime" = 700, and prime = 800. 

SEM = standard error of the mean. 
n = 33. 

Yield grade 

Leg score** 

Flank streakings*** 

Quality grade 

3.73" 

595" 

480" 

478" 
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CHAPTER VI 

BREED DIFFERENCES BETWEEN RAMBOUILLET AND 
DORPCROIX X RAMBOUILLET CROSSES 

Abstract 

The objectives of this study were to determine differences between breed and 

Amaferm supplementation for BUN, glucose, and IgG concentrations, and growth 

performance by lambs between birth and weaning. Lambs were nursing their dams and 

had access to 16% CP creep feed, after 10 d of age. Lamb IgG concentrations (0-36 h 

postpartum) were higher (P < 0.05) for Dorpcroix x Rambouillet (24.1 mg/mL) compared 

with the Rambouillet breed (21.2 mg/mL). Interactions between breed x treatment and 

breed x time occurred for BUN concentiations (0-36 h postpartum). Lamb glucose 

tended (P < 0.20) to be higher for Dorpcroix x Rambouillet compared with the 

Rambouillet breed. In addition, this smdy determined differences between breed and 

treatment for growth performance, feed efficiency and carcass characteristics of lambs 

either fed a 14% finishing control diet or a similar diet containing Amaferm (14.67 

g/lamb daily; AMF), which is a fungal extract of Aspergillus oryzae. Within the 

Amaferm group, Dorpcroix x Rambouillet and Rambouillet lambs were blocked by breed 

and sex and assigned randomly to four pens with eight lambs in two pens and nine lambs 

in two pens. Within the control group, Dorpcroix x Rambouillet and Rambouillet lambs 

group were blocked by breed and sex and assigned randomly to four pens with eight 

lambs in two pens and nine lambs in two pens. Initial weights were similar 33 kg - 5.2 

kg. Each diet (n = 2) was fed to four pens, which were of two breeds. There were no 
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differences observed for ADG between Rambouillet (0.27 kg) and Doipcroix x 

Rambouillet (0.27 kg) lambs. Feed-to-gain ratio and ADFI did not differ (P > 0.2; P > 

0.4), respectively between breeds. Wether lambs from both breeds were slaughtered and 

carcass data was collected (n = 33). Quality grade, flank stireakings, yield grade, fat 

thickness, and carcass weight did not differ between breeds (P > 0.3). Leg score tended 

(P < 0.10) to be higher for the Rambouillet (584) than for the Dorpcroix x Rambouillet 

(541) breed, hi these studies, crossing Dorpcroix x Rambouillet breeds increased blood 

IgG concenti-ations (0-36 h postpartum) and tended to increase blood glucose 

concenti-ations (0-36 h postpartum) compared to the Rambouillet breed, hi the lamb feed 

lot study, leg score tended to be higher for the Rambouillet compared to the Dopcroix x 

Rambouillet breed, but no other advantages were observed in lamb performance, feed 

efficiency, or carcass characteristics. 

Introduction 

The Rambouillet was developed from the Spanish Merino in France and 

Germany and imported into the US in the 1800s (ASI sheep handbook, 2000). The 

Rambouillet produces high quality fine wool. The Rambouillet is medium to fast 

growing, large framed, and has an extended breeding season (ASI sheep handbook, 

2000). 

The Dorpcroix breed was developed from the Dorper and the St. Croix breeds. 

The Dorper has several advantages including; improved growth rate, matemal 

characteristics, breeding throughout the year, carcass merit, and environmental adaptation 
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to arid range conditions (Hefley, 1996). Dorper x Rambouillet cross lambs had heavier 

weaning weights and heavier carcass weight at slaughter than Rambouillet lambs (Moss 

et al., 2000). Dorper cross lambs also had higher carcass quality grades and leg scores 

tiian tiie Rambouillet lambs. Both the Dorper and St. Croix breeds shed their hair and 

what little wool they produce does not require shearing. The Dorper lambs have rapid 

growth, early maturity and yield muscular, high quality carcasses. Hybrid vigor is 

present when hair sheep and wool sheep are crossed. Hair breed and wool breed carcass 

characteristics comparisons have been variable. Hair and wool crosses, make them 

suitable for low-input, sustainable production systems that do not require high growth 

rates and large carcasses (Wildeus, 1997). 

St. Croix X wool crosses had similar ADG and gain:feed ratios compared to 

Polypay x wool breed (Phillips et al., 1995) in contrast to Barbados blackbellies (BB) x 

Rambouillet crosses had lower ADG than blackfaced x Rambouillet cross sheep (Shelton, 

1983). Dry matter intake were lower in the SC and BB than Dorset and Katahdin 

(Horton and Burgher, 1992) and BB x Rambouillet compared to Rambouillet (Shelton, 

1983). 

Hair sheep breeds have smaller carcasses compared to wool breeds (Wildeus, 

1997). Dressing percentages are similar between hair and wool sheep, but hair sheep 

have smaller Longissimus muscle area due to smaller carcasses (Foote, 1983; McClure et 

al., 1991; Horton and Burgher, 1992). Horton and Burgher (1992) reported that SC and 

K had higher PUN levels than BB lambs. This may indicate more efficient dietary 

nitrogen utilization as a resuU of lower urine urea excretion and greater recycling (Allen 
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and Miller, 1976). Plasma Glucose levels in SC and D lambs were higher than K lambs 

(Horton and Burgher, 1992). 

The purpose of this study was to determine if any performance, carcass 

characteristics, or blood constituent level differences exist between the Rambouillet and 

Rambouillet x Dorpcroix cross sheep breeds. 

Materials, Methods, and Statistical Analyses 

This chapter reports breed effects from chapters III, TV, and V. Please refer to the 

material and methods and statistical analyses sections of chapter III for blood parameters 

and milk composition of ewes and their lambs, chapter IV for ewe and lamb performance 

and milk yield, and chapter V for lamb feedlot lamb performance, feed efficiency, and 

carcass characteristics. 

Results 

An interaction occurred between breed and treatment for lamb BUN concentration 

(P < 0.05; Table 6.1). In addition, there was an interaction within breed x tune for lamb 

BUN (P < 0.05; Table 6.2). Glucose concentrations for Doprcroix cross lambs were 

numerically higher and tended to be higher (P < 0.10) than for Rambouillet lambs in the 

first 36 h postpartum (Figure 6.1). Dorpcroix cross lambs had higher (P < 0.05) total 

blood IgG concentrations than Rambouillet lambs in the first 36 h postpartum (Figure 

6.2). Breed and breed interactions did not affect any ewe or lamb performance from 

parturition to weaning, or milk composition and milk yield of ewes. 
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hi tiie lamb feedlot study, Dorpcroix cross lambs tended to be finish heavier (P < 

0.10) than Rambouillet lambs. Total gain by the lambs was affected by breed of the 

lamb, with Dorpcroix cross lambs tending to gain more over the smdy (P < 0.20) than 

Rambouillet lambs. Pen ADG, feed-to-gain, and average daily feed intake (as fed basis) 

were not affected by breed (P > 0.05). All lamb performance and feed efficiency data is 

reported in Table 6.3. Rambouillet lambs tended (P < 0.15) to have higher leg scores 

than Dorpcroix cross lambs (Figure 6.5). Breed did not significantly (P > 0.05) change 

any otiier carcass characteristics evaluated. All lamb carcass characteristic data is 

repoted in Table 6.4. 

Discussion 

The higher BUN concentrations observed for Dorpcroix lambs may have resulted 

from more efficient N recycling. This agrees with the results of Horton and Burgher 

(1992), who reported that St. Croix and Katahdin sheep breeds had higher PUN 

concentrations than Barbados blackbelly lambs. In addition, Allen and Miller (1976) 

reported similar findings and concluded that the difference in BUN might indicate more 

efficient dietary N utilization as a result of lower urinary urea excretion and greater 

recycling. The interaction between the two breeds within the control diet may also be 

explained by differences in nitrogen recycling between the hair and wool breeds. 

The glucose levels (97.8 mg/dL) observed in the Dorpcroix neonates and (94.9 

mg/dL) in Rambouillet neonates in the first 36 h postpartum were higher than levels 

reported by Horton and Burgher (1992) and Hamadeh et al. (2000). Horton and Burgher 
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(1992) reported glucose concentrations of (84.1 mg/dL) in St. Croix lambs and (80.4 

mg/dL) in Dorset lambs. Hamadeh et al. (2000) reported blood glucose concentrations of 

79.8 mg/dL in Rambouillet neonates. The higher concentrations in the present study may 

be a result of differences in the diet the dams were consuming. Hamadeh et al. (2000) 

also reported no glucose or BUN concentration differences between Rambouillet and 

Targhee wool breeds. 

Total blood IgG concenti-ations for Dorpcroix cross lambs (24.1 mg/mL) and 

Rambouillet lambs (21.2 mg/mL) were somewhat lower than levels reported by Gilbert et 

al. (1988) in the first 36 h. Gilbert et al. (1988) reported lamb blood IgG levels of (36 

mg/mL) in Polypay lambs and 31 to 32 mg/mL in Rambouillet, Targhee, Columbia, and 

Finn lambs. In addition to both breeds having higher IgG concentration than in 

previously research, the Dorpcroix lambs had higher blood IgG (P < 0.05) levels than 

Rambouillet lambs. No previous research was found to support or contradict these 

findings. 

Hair sheep normally have lower growth rates than wool breeds in the US. 

Selection for low input production systems and harsh environmental conditions in which 

hair sheep were developed could be part of the lower growth rates (Wildeus, 1997). 

Dorpcroix cross lambs had a higher final lamb weight (54.4 kg) than Rambouillet 

lambs (54.7 kg) at slaughter. Dorpcroix cross lambs tended (P < 0.20) to gain more over 

the stiidy (21.8 kg) than Rambouillet lambs (20.4 kg). Similarly, Moss et al. (2000) 

reported that Dorper x Rambouillet cross lambs had heavier weaning weights and a 

heavier carcass weight at slaughter than Rambouillet lambs. Phillips et al. (1995) 
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reported that St. Croix x wool crosses had similar ADG and gain:feed ratios compared to 

Polypay cross bred lambs. These results are comparable to the present findings on ADG 

and feed conversion. 

Rambouillet lambs tended (P < 0.10) to have higher leg scores (584) than 

Dorpcroix cross lambs (541). This finding is in contrast to that of Moss et al. (2000), 

who reported that Dorper cross lambs had higher carcass quality grades and leg scores 

tiian the Rambouillet lambs. Moss et al. (2000) reported 77% of Dorper cross lambs had 

a Prime leg score compared with only 48% of the Rambouillet lambs; however, Dorper 

cross lambs had fatter carcasses than Rambouillet lambs. 

Conclusions 

Dorpcroix x Rambouillet cross lambs had higher blood IgG concentration and 

tended to have higher blood glucose concentrations (0-36 h postpartum) compared to the 

Rambouillet lambs. Breed made no difference in animal performance or feed efficiency, 

but Rambouillet lambs tended to have larger leg scores than the Dorpcroix cross lambs. 

The use of the Dorpcroix hair sheep in crossbreeding programs warrants further 

investigation to determine if second and third generation hair x wool crosses influence 

animal performance or carcass characteristics. 
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Table 6.1. Breed x Treatinent Interactions for Lamb Blood Urea Nifrogen Concentrations 
for First 36 h Postpartum. 

Dorpcroix x Amaferm 

Dorpcroix x Confrol 

Rambouillet x Amaferm 

Rambouillet x Control 

Least ; squares 
20.62"" 

23.55" 

22.75" 

18.52" 

mean SEM 
1.26 

1.55 

1.49 

1.74 
"' Means with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
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Table 6.2. Breed x Time Interactions for Lamb Blood Urea Nitiogen Concenti-ations for 
First 36 h Posti)artum. 

Time (h) 
0 

6 

12 

24 

36 

Breed 
Dorpcroix 
11.71" 

18.31" 

22.40" 

28.55"" 

29.56"" 

Rambouillet 
9.20" 

13.89" 

23.01" 

25.57" 

31.52"" 

SEM 
2.13 

2.16 

2.15 

2.13 

2.09 

Difference 
between breeds 

NS 

NS 

NS 

NS 

NS 
"'"'"Means with different superscripts within a colunrn differ (P < 0.001). 
NS = Non significant (P > 0.10). 
SEM = Standard error of the mean. 
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Table 6.3. Effects ofBreed on Growth Performance and Feed Efficiency. 
Breed 

Item Dorpcroix x Rambouillet Rambouillet SEM 
Intitial wt., kg 

ADFI, kg/d 

ADG, kg/d 

Feed:gain ratio 

32.81" 

1.80" 

0.27" 

6.60" 

33.90" 

1.74" 

0.27" 

6.81" 

0.86 

0.03 

0.008 

0.16 
"' Means within a row with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean. 
n = 33. 
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Table 6.4. Effects ofBreed on Carcass Characteristics. 

Breed 
Item Dorpcroix x Rambouillet Rambouillet SEM 

Fat thickness, mm 8.10" 8.79" 0.66 

Adj. fat thickness, mm 8.46" 9.00" 0.64 

Yield grade* 3.57" 3.86" 0.25 

Leg score** 541" 584" 20.0 

Flank sti-eakings*** 485" 473" 18.0 

Quality grade**** 466" 461" 22.0 
-̂  —— 

Yield grade based on adjusted fat thickness. 
Leg score is a muscling score measured on a scale from least to the most muscling 
devoid = 100, practically devoid = 200, shght = 300, small = 400, modest = 500, 
moderate = 600, slightly abundant = 700, and abundant = 800. 
Flank streakings is a quality score measured on a scale from least to most streaking 
devoid = 100, practically devoid = 200, shght = 300, small = 400, modest = 500, 
moderate = 600, slightly abundant = 700, and abundant = 800. 

****Quality grade is based on the leg and flank streakings score. The scale from lowest to 
highest, select" = 100, select = 200, select"̂  = 300, choice" = 400, choice = 500, 
choice"^ = 600, prime" = 700, and prime = 800. 

SEM = standard error of the mean. 
n - 3 3 . 
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94.9^ 97.8^ 

Breed of lamb 

I Rambouillet • Dorpcroix x Rambouillet 

Figure 6.1. Effect ofbreed on average lamb glucose concentration 0-36 h. "'"Means with 
different superscripts differ (P < 0.05). 

178 



Breed of lamb 

D Rambouillet • Dorpcroix x Rambouillet 

Figure 6.2. Effect ofbreed on average lamb IgG concentration 0-36 h. "'"Means with 
different superscripts differ (P < 0.05). 
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CHAPTER VII 

GIN TRASH LAMB PERFORMANCE AND CARCASS CHARACTERISTICS 

Absfract 

The objective of this study was to compare three finishing diets containing 

cotton by-products as the source of roughage. An 8% starch-coated gin tiash product 

(EGT), ground gin ti-ash (GGT) (3/4" screen), and cottonseed hulls (CSH) were used for 

tiie roughage sources in three finishing diets. Diets were formulated to be isocaloric and 

isoniti-ogenous. Rambouillet x Hampshire wethers (n = 72) were stratified by weight and 

randomly allotted 8 animals to a pen. Treatments (trt) were randomly assigned to pens. 

Feed efficiency, ADG, and carcass characteristics were compared between treatments. 

Feed-to-gain (F:G), ADG, and ADFI (as fed) were significantly different among the three 

treatments. The F:G ratio was the highest for lambs on the GGT diet (8.54) and was 

greater (P < 0.05) than lambs on the EGT (6.42) and CSH diets (5.82). The F:G for 

lambs consuming the CSH diet was less than the F:G for lambs on the EGT diet (P < 

0.05). Lambs consuming the CSH diet (0.34 kg) had the highest (P < 0.002) ADG, while 

lambs on the EGT diet (0.28 kg) were intermediate and lambs on the GGT diet (0.24 kg) 

had the lowest (P < 0.0001) ADG. The ADFI for lambs on the EGT diet (1.8 kg) was 

lower (P < 0.05) than the GGT diet (2.05 kg). Lambs on the CSH diet (1.98 kg) also 

consumed less (P < 0.01) than lambs on the GGT. Quality grade and flank streakings did 

not differ (P > 0.05) among treatinents. Lambs on both the CSH diet and EGT dU had 

higher (P < 0.03) leg scores than lambs on the GGT diet. Lambs consuming the EGT 

180 



(7.11 mm) and GGT diets (6.85 mm) had lower (P < 0.05) fat thickness than lambs on the 

CSH diet (8.32 mm). The lambs consuming the EGT (3.0) and GGT diets (3.0) had 

lower (P < 0.05) yield grades than the lambs on the CSH diet (3.5). The lambs on the 

GGT diet consumed the most feed and were the least efficient and had the lowest ADG 

and leg score. The lambs on the EGT diet consumed the least feed and were intermediate 

in ADG, feed efficiency, and leg score. These data provide evidence that extiiiding gm 

frash improved the ADG and feed efficiency of lambs compared to GGT. 

Infroduction 

This smdy was conducted to compare three forms of cotton by-products and their 

effects on lamb feedlot performance and carcass characteristics. Millions of tons of 

cotton by-products are produced annually in the United States. Cottonseed hulls (CSH), 

a cotton by-product is a common source of roughage in mixed feed rations in cotton-

producing regions. Cotton gin trash (CGT) is another by-product produced in the ginning 

process, which consists mainly of plant parts including fragments of stems, leaves, bolls, 

lint, soil, and motes. The CGT historically was burned, but because of environmental 

regulations, burning was baimed by the 1970 clean air act. Since the ban, CGT is 

disposed of by means of composting, direct land application to increase organic matter of 

the soil, or livestock feeding. Costs of CSH have risen dramatically over the past few 

years causing feed costs to rise. The cost of CSH is approximately $77/t, alfalfa is $128/t, 

where as CGT is only $27.5/t. Using CGT may decrease feeding cost. Cotton gin tiash is 

a good roughage source at a reasonable cost compared to other roughages such as 
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bermudagrass hay and alfalfa (Lalor et al., 1975). The nutritional value of CGT should 

fall between cottonseed hulls (CSH) and alfalfa; however, handling, storage, and labor 

intensive processing, of the bulky feedstiiff might offset its cost effectiveness 

(Castleberry and Elam, 1999). Other disadvantages of CGT include sorting in mixed 

diets, tiie possibility of pesticide and herbicide residues, and lignin content may be as 

high as 22% (Conner and Richardson, 1987). To process CGT 8% starch has been added 

and then extiiided to increase its quality. Extmsion uses extreme heat, pressure, and 

shear force in an extiuding apparams to produce a product that has less bulk density than 

the original commodity, increasing fiber digestion of the feedstuff, thereby increasing the 

nutritive value. Starch can be added before extiusion to increase the nutritive value of the 

CGT and aid in lubrication through the extmder. Other advantages of extmsion include 

tiie killing of some potentially harmful microorganisms, gelatinizing of starch, and 

denaturing of protein, as well as detoxifying residues from herbicides, pesticides, and 

defoliant chemicals (Mayfield, 1991). However, because of the extreme heat and 

pressure, B-vitamins, vitamin C, and Zn, Cu, and Mg availability may be decreased 

dramatically (Cheftel, 1986). Costs associated with storage, handling, and processing of 

CGT may be higher than the added benefits of using EGT (Castleberry and Elam, 1999). 

The objectives of this study were to determine, if feeding extrnded gin trash as a 

roughage source in a finishing diet to lambs, would improve lamb performance, feed 

efficiency, and carcass characteristics compared with cottonseed hulls and ground gin 

trash. 
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Materials and Methods 

This study compared three similar 14% CP diets using cottonseed hulls (CSH; 

Table 7.1), ground gin trash (GGT; Table 7.1), and extruded gin ti-ash (EGT; Table 7.1), 

as roughage sources in a lamb feedlot finishing diet. The GGT was processed by grinding 

cotton gin trash in a hammer mill, with y4 inch screen. All three diets were 28 to 29 % 

roughage and formulated to be isocaloric and isonitrogenous. Chemical analyses of the 

diets are located in Table 7.2. Seventy-two Rambouillet x Hampshire wether lambs 

weighing 27 kg - 4.5 kg were sorted randomly into nine pens (3.65 m x 7.31 m) with 

eight lambs per pen. The three diets were assigned randomly to pens. Lambs were fed 

0.9 kg/animal of their assigned diets for 14 d to allow for adjustment to the feed. Lambs 

were fed between 8:00 and 9:00 AM daily and adjusted according to a feed bunk reading 

before feeding. Feed was weighed using a Toledo scale 31-1801-SD that weighs to the 

nearest 0.11 kg. Animals were weighed (8:00 and 9:00 AM) initially and every week 

thereafter, on a Tme Test (Model EZI weigh 2) that weighs to the nearest 0.0453 kg, until 

slaughter. Average daily gain (ADG), average daily feed intake (ADFI), and feed-to-gain 

ratio (F:G), data were collected on the lambs. Feed intake was measured by subtracting 

daily refiisals (kg) from daily feeding amounts (kg). Lambs were slaughtered in three 

groups as they reached slaughter weight of 59 kg ± 3.6 kg. Lambs were shipped by frailer 

to Ranchers Lamb fric. in San Angelo, TX, where they were slaughtered. Brian King 

from the Texas Tech University Meat Laboratory collected carcass data at Ranchers 

Lamb Inc. Carcass characteristics including, cold carcass weight, leg score, flank 

sfreaking, fat thickness, adjusted fat thickness, yield grade, and quahty grade were 
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recorded. Fat thickness was measured at the 12'" rib, and flank sti-eaking (FS) was scored 

and used as a measure of quality. The scale from least to the most sfreaking was devoid 

(D), practically devoid (PD), slight (SL), small (SM), modest (MT), moderate (MD) 

slightly abundant (SLAB), and abundant (AB). Leg scores (LS) were used to give a 

carcass a muscle score. The scale from least to the most muscling was practically devoid, 

slight, small, modest, moderate slightly abundant, and abundant. Both scales assign a 

numerical value to each scale value: practically devoid = 200, slight = 300, small = 400, 

modest = 500, moderate = 600, slightly abundant = 700, and abundant = 800. Yield 

grade is based on the fat thickness (FT) at the 12'" rib, and quality grade (QG) is based on 

the leg and flank streaking score. 

Statistical Analyses 

Data from this completely randomized design were analyzed using the GLM 

procedure of SAS (1999) and tested at an alpha level of 0.05. Pen was the experimental 

unit. Means were separated using Fischer's Protected Least Significant Difference Test. 

Lamb average daily gain, final BW, total gain, carcass weight, leg score, fat thickness, 

flank streaking, yield grade, and quality grade were analyzed by analysis of variance to 

determine if differences existed between the three diet types (CSH, CGT, or EGT) fed. 

Results 

Average daily feed intake was less (P < 0.05) by for lambs consuming tiie GGT 

diet (1.8 kg/d) compared with the CSH (1.98 kg/d) and EGT (2.05 kg/d) diets (Table 7.3). 
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Average daily gain differed among the three treatinents. Lambs consuming the CSH 

gained the most (0.34 kg/d) and thefr ADG was greater (P < 0.002) than lambs 

consuming the EGT diet (0.28 kg/d) and the GGT diet (0.24 kg/d) (P < 0.001). The GGT 

fed lambs gained less (P < 0.005) than the GGT fed lambs (Table 7.3). The F:G ratio 

also was affected by the diet. Lambs consuming the EGT diet had an improved F:G 

compared with lambs fed the GGT diet (P < 0.001; Table 7.3). 

Quality grade and flank streaking did not differ among tieatinents. Lambs on 

botii the CSH and EGT diets had higher (P < 0.03) leg scores than lambs on the GGT diet 

(Table 7.4). Lambs consuming the EGT and GGT diets had back fat measurements of 

(7.11 and 6.85 mm), respectively that were significantly lower (P < 0.03) tiian lambs 

consuming the CSH diet (8.32 mm; Table 7.4). The yield grades for the lambs 

consuming the GGT (3.0) and EGT (3.0) diets were lower (P < 0.05) than the lambs 

consuming the CSH (3.5) diet (Table 7.4). 

Discussion 

Lambs on the GGT diet consumed the most feed, had the poorest feed-to-gain 

ratio and gained the least amoimt of weight. The wethers on the CSH diet were 

intermediate for ADFI, but had superior feed-to-gain ratio and the highest ADG among 

the three diets. These resuUs may reflect palatability and/or digestibility of the diets, 

which was least for ground gin trash, highest for cottonseed hulls and intermediate for 

extmded gin trash. Conner and Richardson (1987) reported when adding gin tirash to a 

diet, in vitro dry matter digestibility was decreased. In addition, lambs fed the GGT diet 
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might have had a higher heat increment as a result of the nature of the ground gin ti-ash 

and had to expend more energy to rid their system of heat in this summer feeding trial. 

Feed-to-gain ratios did not differ between the CSH and EGT diets, but F:G was poorest 

for lambs fed GGT, suggesting the extioision process increased the feed value of raw gin 

frash. Feed extiusion, a process of heating a substiate in the presence of moismre and 

under exti-eme pressure and high temperature can improve the feeding value of lower 

quality feedsttiffs (Thomasson, 1990). hi support Wang et al. (1993) reported the 

cooking the product causes gelatinzation of starch, denaturation of protein, inactivation of 

toxic substances, and a decrease in microbial counts, all which might increase 

digestibility of the feed product being extmded. Lambs consuming the CSH diet had 

more fat thickness over the 12 rib than lambs fed either the EGT or GGT diets. This 

increased fat thickness observed in the lambs consuming the CSH diet might have 

resulted from the increased digestibility of the diet or partitioning of more nutrients to fat 

than with the GGT or EGT diets. Flank sfreaking and quality grades did not differ among 

treatments. Leg scores were similar for the CSH and EGT groups, but both CSH and 

EGT fed lambs had higher leg score than GGT lambs. The lambs on the CSH diet had 

the highest yield grades, which differed (P < 0.05) than the lambs fed the EGT and GGT 

diets. The higher yield grade was expected for the lambs fed the CSH diet because those 

animals had the most back fat and yield grade is based on back fat thickness. 

Conclusion 

In lamb feedlot diets, extmded gin trash, when used as a roughage source, 

improved lamb performance and carcass characteristics compared to ground gin tiash, but 
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did not prove to be a superior roughage than cottonseed hulls. Cotton gin frash is an 

economical and abundant by-product produced in cotton regions, and if extmded, can be 

a viable roughage altemative, if, costs of labor, handling, storage, and processing do not 

offset the low cost and improved animal performance associated with extmded gin tiash. 
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Table 7.1. Diet Composition (%DM basis). 
w^ „_,,.„»«» Item CSH GGT EGT 

Cracked com 42.2 46.3 45.0 
Cottonseed meal 10.0 8.3 8.8 
Soybean meal 5.9 4.2 4.2 
Molasses 9.2 9.3 9.3 
Fat 1.3 1.3 1.3 
Cottonseed hulls 29.2 28.5 28.5 
Limestone 1.0 1.0 1.0 
SaU 0.2 0.2 0.2 
Ammonium chloride 0.4 0.4 0.4 
Vitamin premix 02 02 02_ 
Vitamin and mineral premix composition" 
Vitamin A 5.1 5.1 5.1 
Vitamin E 93.5 93.5 93.5 
Vitamin D 01 01 01 
Selenium 05 05 05 

CSH = Cottonseed hull diet. 
** GGT = Ground gin trash diet. 
***EGT = 8% starch added extiiided gin ttash diet. 
"Vitamin and mineral premix provided: VUamin A = 47 lU/kg, Vitamin D = 5.5 lU/kg, 

Vitamin E = 15 lU/kg, Selenium = 0.1 mg/kg. 
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Table 7.2. Chemical Analyses of Diets, Percentage of DM. 
% 

DM 
CP 
Fat 
Ash 
ADF 
NDF 

Cottonseed hull 
95.33 
14.65 
3.16 
5.99 

24.61 
43.52 

Extmded 
95.50 
13.79 
4.64 
7.01 

19.13 
28.89 

Extmded gin trash Ground gin trash 
95.35 
13.54 
4.59 

1019 
2057 
32.43 
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Table 7.3. Effects ofTreatment on Growth Performance and Feed Efficiency. 

Item 
Intitial wt., kg 

ADFI, kg/d 

ADG, kg/d 

Feed: gain ratio 

CSH* 
27.32" 

1.98" 

0.34" 

5.82" 

Treatment 
GGT** 
26.92" 

2.05" 

0.24" 

8.42" 

EGT*** 
27.25" 

1.80" 

0.28" 

6.42" 

SEM 
4.5 

OlO 

0.004 

0.20 

CSH = Cottonseed hull diet. 
** GGT = Ground gin tirash diet. 
***EGT = 8% starch added extiiided gin trash diet. 
"'"Means within a row with different superscripts differ (P < 0.05). 
SEM = Standard error of the mean, 
n = 24 animals/treatment. 
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Table 7.4. Effects ofTreatment on Carcass Characteristics. 

Item 
Adj. fat thickness, mm 

Yield grade 

Leg score 

Flank sfreakings 

Quality grade 

CSH' 
8.32" 

3.50" 

597" 

453" 

483" 

Treatment 
GGT^ 
6.85" 

3.00" 

547" 

458" 

437" 

EGT^ 
7.11" 

3.00" 

596" 

474" 

466" 

SEM 
0.22 

012 

13.0 

29.0 

21.0 

Yield grade based on adjusted fat thickness. 
** Leg score is a muscling score measured on a scale from least to the most muscling 

devoid = 100, practically devoid = 200, slight = 300, small = 400, modest = 500, 
moderate = 600, slightiy abundant = 700, and abundant = 800. 

*** Flank sfreakings is a quality score measured on a scale from least to most streaking 
devoid = 100, practically devoid = 200, slight = 300, small = 400, modest = 500, 
moderate = 600, shghtly abundant = 700, and abundant = 800. 

****Quality grade is based on the leg and flank stieakings score. The scale from lowest to 
highest, select" = 100, select = 200, select^ = 300, choice" = 400, choice = 500, 
choice"" = 600, prime" = 700, and prime = 800. 

'CSH = Cottonseed hull diet. 
^GGT = Ground gin ti-ash diet. 
^EGT = 8% starch added extmded gin trash diet. 
SEM = standard error of the mean, 
n = 24 animals/treatment. 
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