EVALUATION OF COTTON GIN TRASH AS A ROUGHAGE SOURCE FOR

STOCKER CATTLE

Except where reference is made to the work of others, the work described in this thesis is
my own or was done in collaboration with my advisory committee. This thesis does not
include proprietary or classified information.

Julie Blair Kennedy
Certificate of Approval:
Russell B. Muntifering Darrell L. Rankins, Jr., Chair
Professor Professor
Animal Sciences Animal Sciences
Stephen P. Schmidt Stephen L. McFarland
Professor Acting Dean

Animal Sciences Graduate School



EVALUATION OF COTTON GIN TRASH AS A ROUGHAGE SOURCE FOR

STOCKER CATTLE

Julie Blair Kennedy

A Thesis
Submitted to
the Graduate Faculty of
Auburn University
in Partial Fulfillment of the
Requirements for the
Degree of

Master of Science

Auburn, Alabama
August 7, 2006

v



EVALUATION OF COTTON GIN TRASH AS A ROUGHAGE SOURCE FOR

STOCKER CATTLE

Julie Blair Kennedy

Permission is granted to Auburn University to make copies of this thesis at its discretion,
upon request of individuals or institutions, and at their expense. The author reserves all
publication rights.

Signature of Author

Date of Graduation

iii



VITA

Julie Blair Kennedy, daughter of Anthony Wayne “Tony” Kennedy and Peggy
(Rees) Kennedy, was born September 5, 1981 in Albany, Georgia and was raised in
Webster County, Georgia. In 2000, she graduated as salutatorian and STAR student of
Tri-County High School in Buena Vista, Georgia. She received her Bachelor of Science
degree in Animal Science from Berry College in Rome, Georgia in 2004. While there,
she was employed at the Rollins Ruminant Research Center on campus. After graduation
from Berry College, she received a Graduate Research Assistantship and a Graduate
Research Fellowship to attend Auburn University in Auburn, Alabama, where she is
currently pursuing her Master of Science degree in Ruminant Nutrition under the
guidance of Dr. Darrell L. Rankins, Jr. She will graduate Summa Cum Laude in August

of 2006.

v



EVALUATION OF COTTON GIN TRASH AS A ROUGHAGE SOURCE FOR

STOCKER CATTLE

Julie Blair Kennedy

Master of Science, August 7, 2006
(B.S., Berry College, 2004)

77 Typed Pages

Directed by Darrell L. Rankins, Jr.

Cotton gin trash is a by-product of the cotton ginning industry that may be used as
a roughage source in beef cattle. A production trial and a digestibility study were
conducted in an effort to determine the feeding value of cotton gin trash in growing
cattle. In the production trial, 40 Angus x Continental steers (initial BW = 233 kg) were
randomly assigned one of four diets in a 112-day study. There were 2 pens/diet and 5
steers/pen. Each diet was fed ad libitum and was composed of: 1) 45% peanut hulls +
55% cracked corn, 2) 45% peanut hulls + 47% cracked corn + 8% cottonseed meal, 3)
45% gin trash + 55% cracked corn, and 4) 45% gin trash + 47% cracked corn + 8%
cottonseed meal. Free choice bermudagrass hay was also provided. Steers were weighed
prior to the study and every 28 days throughout the 112-day trial. Steers fed gin trash had
faster ADG than those fed diets containing peanut hulls (1.19 kg/d vs. 0.94 kg/d; P <

0.01). Diets containing cottonseed meal produced faster ADG than diets without
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cottonseed meal (1.14 kg/d vs. 0.99 kg/d; P < 0.02). Steers fed gin trash consumed more
diet dry matter per day than those fed peanut hulls (10 kg/d and 10.7 kg/d vs. 6.6 kg/d
and 8.7 kg/d; P < 0.05). Also, cottonseed meal did not improve intake of diets containing
gin trash (P > 0.05), but did improve intake of diets containing peanut hulls (6.6 kg/d vs.
8.7 kg/d; P < 0.05). Hay intake and total dry matter intake were not different among diets
(P >0.05). In the digestibility study, 16 Angus x Charolais steers (initial BW = 301 kg)
were randomly allotted to one of the four previous diets with 4 steers/diet. The diets
were fed for 14 days then the steers were placed in metabolism stalls for a 10-day period
with 2 days of acclimation. Fecal output, daily feed intake, and feed refusals were
collected during the 8-day study period. Daily dry matter intake was not different among
diets (P > 0.15). Fiber digestibility (NDF and ADF) did not differ between diets (P >
0.65). Diet 3 had a higher DM digestibility and OM digestibility than the other 3 diets (P
< 0.07 and P < 0.05, respectively). Diet 2 had a higher crude protein digestibility than
Diet 1 (70.2 vs. 60.3%; P < 0.05), but crude protein digestibility of Diet 2 was not
different than that of Diets 3 and 4 (65.7 and 62.9%; P < 0.05). Cotton gin trash is more
digestible than peanut hulls and results in a faster ADG. The addition of cottonseed meal
to gin trash diets does not affect cattle performance; however, addition of the protein

supplement to diets containing peanut hulls did increase performance.
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INTRODUCTION

Stocker cattle are a profitable business in Alabama as long as feed costs are low
(Prevatt et al., 2005). The goal of the stocker producer is to grow young cattle at a rate of
1.5 Ib/d to 2.5 1b/d, while maintaining feed costs at $.25/1b to $.30/Ib (Rankins, 2002).
To accomplish this goal, many producers utilize by-product feeds such as peanut hulls
and cotton gin trash.

Peanut hulls have been fed to beef cattle as a low-quality roughage source for
many years (Utley and McCormick, 1972; Utley et al., 1973). However, economical use
of peanut hulls is limited to the southeastern United States where peanuts are produced.
Cotton gin trash is a by-product of the cotton ginning industry. It is composed of stems,
leaves, burrs, immature seeds, and sand from the cotton plant. According to Lalor et al.
(1975), gin trash is similar to low-quality hay and can be used as a low-quality roughage
source in ruminant animals. Cotton is grown in much of the southern United States;
therefore, gin trash is available to a larger number of beef producers than peanut hulls.

The nutrient composition of gin trash varies depending on the variety of cotton,
the region grown, and the type of harvest method used (Bader et al., 1998). The most
variable component is the ash content, which is influenced by the amount of sand that is
present (Lalor et al., 1975). Cotton that is grown in sandy areas or that is stripper-

harvested will produce gin trash with a high ash content (Lalor et al., 1975; Baker et al.,



1994). Crude protein is the second most variable component and is affected by weather
conditions and the amount of immature seed present in the gin trash (Lalor et al., 1975).
Despite applications of chemicals on cotton plants, large amounts of chemical residues do
not appear to be present in gin trash (Stewart et al., 1998).

Numerous feed studies have been conducted to determine the usefulness of gin
trash as a roughage source. Erwin and Roubicek (1958) found that gin trash was
palatable and could be fed up to 40% of the diet without adverse affects on gains.
Sagebiel and Cisse (1984) reported loss of weight in pregnant cows when gin trash was
fed alone, however, the addition of cottonseed improved gains. They also found that the
addition of molasses did not increase intake nor improve ADG. Likewise, Hill et al.
(2000a) reported loss of weight with 100% gin trash diets and concluded that gin trash
could not be used to maintain beef cows without adequate supplementation. Also, Hill et
al. (2000b) reported that gin trash could not be used to produce economical gains in
growing steers. In view of this data, more studies are needed in an effort to determine the
best method to utilize gin trash as a feedstuff.

The purpose of this study was to determine if cotton gin trash could be used to
replace peanut hulls in the diets of stocker cattle and to evaluate the effects of using

cottonseed meal as a protein supplement in gin trash diets.



REVIEW OF LITERATURE

Stocker Cattle

In Alabama, stockering cattle can be a profitable business if production costs are
kept low (Prevatt et al., 2005). There are four types of stocker programs in Alabama: 1)
winter grazing stocker calves, 2) winter grazing with supplemental feed, 3) grazing
stockpiled fescue, and 4) feeding a by-product and grain diet in a drylot (Prevatt et al.,
2005). Each of these stocker programs may require a period of supplemental feeding
when grazing is limited. According to Rogers and Poore (1994), the cost of feed is the
greatest expenditure for a beef producer. On an energy basis, roughage supplementation
is one of the most expensive ingredients (Galyean and Duff, 2002). The goal of the
stocker producer is to have 1.5 b to 2.5 1b of gain/day during the stocker period at a cost
of $.25/1b to $.30/1b (Rankins, 2002). To achieve this goal, many stocker producers
utilize by-product feeds when supplementation is necessary (Rankins, 2002).

By-product Feeds

The food and fiber industry produces many waste products that must be disposed
of. Rising costs of solid waste disposal and environmental regulations for incineration
have forced manufacturers to develop economical and environmentally friendly ways to
dispose of this waste (Chase, 1982; Thomasson, 1990). At the same time, as oil and

fertilizer prices rise, the cost of livestock feed will continue to increase. Thus, producers



have developed a need for low-cost, alternative feeds for their livestock. These situations
have increased the use of by-product feeds.

By-product feeds are waste products from the food and fiber industry that have
nutritive value and can be utilized as alternative sources of energy, protein, or roughage
by livestock (Rogers and Poore, 1994; Myer and Hall, 2003) . The “waste” nature of the
product and the high cost of disposal, drive the manufacturers to sell the by-products to
producers at a low-cost (Schingoethe, 1991). Likewise, the availability of these low-cost
feeds drives the producer to utilize the by-products, thus, serving as a method of disposal
for manufacturing wastes.

There are many types of by-product feeds available from many different
industries. The poultry industry produces broiler litter and feather meal. Peanut hulls,
peanut skins, hay, and peanut meal are all by-products of the peanut industry, which is
prevalent in the South (Hill, 2002). The cotton industry produces cottonseed, cottonseed
meal, cottonseed hulls, and gin trash (Rogers et al., 2002). Other by-products include
brewer’s grains, cull candy, sunflower meal, and soyhulls (Rankins, 2002). Most by-
products are fed to ruminant animals because the rumen is capable of effectively
processing the waste products into substrates that can be utilized by the ruminant (Chase,
1982).

The many types of by-products available offer producers a wide array of feed
choices. Due to the many differences among types of by-products there are some factors
producers must consider before incorporating them into their feeding program (Rankins,
2002). These include transportation and storage, moisture content, nutrient composition,
availability, possible contaminants, and feed regulations (Rankins, 2002).
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Transportation and storage. By-product feeds are transported as 24-ton loads, and

the price of the feed is usually determined by the distance it is hauled (Rankins, 2004).
Thus, a producer living close to the point of origin will pay less than one living 100 miles
away. Also, many by-products have a low bulk density, which will increase the number
of trips required to deliver the same tonnage. The large amount of feed and the low bulk
density of many by-products make it necessary for feeds to be stored in an open
commodity shed because they will not flow well through traditional feed handling
systems (Rogers and Poore, 1994).

Moisture content. Many by-products have a high moisture content, which can

lead to several problems. One of these is transportation difficulties. High moisture
products are expensive to transport because the producer is paying to ship the excess
water as well as the nutritive portion. Thus, it will require more shipments to get the
desired nutritive quantity (Rankins, 2002). This will limit the marketability of the
product to areas immediately surrounding the manufacturer, because the cost will
increase as transport distance increases (Schingoethe, 1991). Storage is a problem also
with a high moisture by-product because it needs to be stored in an area that will reduce
spoilage, and special facilities may be required (Rankins, 2004). Another consideration
is that high moisture feeds containing less than 50% dry matter may reduce dry matter
intake (Schingoethe, 1991). Also, some high moisture feeds may not blend well with
other feeds in the diet (Rankins, 2004). The producer must also be aware of moisture
content when comparing prices of a by-product to another feed. Feeds on a 90% DM
basis may appear to cost more per ton, but a producer needs to take into account that with

a wet feed they are paying for water as well as dry matter.
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Nutrient composition. The nutrient composition of many by-product feeds is

highly variable (Schingoethe, 1991). This can be problematic when formulating a diet;
therefore, it is important that the producer obtain a nutrient analysis on all by-product
feeds. These analyses should contain data for moisture, crude protein, energy, fiber, and
minerals as well as other information pertinent to the type of by-product being used
(Schingoethe, 1991). The unique nature of by-product feeds makes them susceptible to
extreme amounts of specific nutrients, which producers must be aware of and account for
in the feeding program (Rankins, 2002). Examples of this are the high mineral content of
poultry litter, which will reduce consumption of a mineral mix (Rankins, 2002). Also,
whole cottonseed has a high fat content, therefore, intake should be limited to only 20%
of the diet (Rogers et al., 2002).

Availability. When formulating a feed program with by-products, it is important
to take into account the availability of the by-product. By-products that are associated
with a specific season may only be available at certain times of the year (Schingoethe,
1991). Other by-products may be purchased at a lower price during a specific season and
stored for future use when the price may be higher (Rankins, 2004). It is also important
that the product be available locally. This will reduce transportation costs, thus reducing
purchase price of the by-product feed (Rogers and Poore, 1994).

Contaminants and regulations. The “waste” nature of by-products makes them

more susceptible to contaminants. Many by-products are the result of unwanted
materials that are not fit for human use or consumption. These unwanted materials may
be more likely to contain mycotoxins, such as aflatoxin, weed seeds, chemical residues

from manufacturing processes or pesticides, and trash that may be harmful to animals
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(Rankins, 2002). Producers should be aware of possible contaminants and inspect the by-
product before it is fed.

Animals that consume by-product feeds utilize the nutrients in the feed to produce
meat and milk used for human consumption. Thus, it is important that these consumer
products are not contaminated by alternative feeds in the animal’s diet. The American
Association of Feed Control Officials (AAFCO) has established definitions for
acceptable by-products (Rogers and Poore, 1994). These by-products are sold with a
guaranteed analysis, however, the guaranteed analysis will often be much lower than the
actual nutrient content (Rankins, 2002). Nontraditional feeds not approved by the
AAFCO may be fed, however, it is important to be aware of toxic residues and possible
liabilities associated with this practice (Rogers and Poore, 1994).

Peanut Hulls

Peanut hulls are a by-product of the peanut shelling process. After peanuts are
picked and dried, shellers separate the nut from the hulls. About 852,340 tons of peanut
hulls were produced in the United States in 2004 (NASS, 2005c). Historically, hulls
were disposed of by burning but this method is no longer used. As an alternative feed,
peanut hulls can be used as a roughage source for all classes of beef cattle (Hill, 2002).
The nutritive value of peanut hulls is low, with crude protein, crude fiber, ADF, ash and
TDN values of 8%, 63%, 65%, 5%, and 22%, respectively (Waller, 2006). Peanut hulls
also have a lower in vitro dry matter disappearance of 24.2% when compared with other
roughage sources, such as coastal bermudagrass (59%) and tall fescue (54.6%) (Barton et

al., 1974).



Peanut hulls should be fed unground or coarsely ground, usually through a 1.9 cm
screen (Hill, 2002). Finely ground hulls and pelleted hulls should not be fed because they
increase liver abscesses and will have negative effects on rumen papillae (Hill, 2002).
Utley et al. (1974) conducted a study on the effects of feeding ground, unground, and
pelleted peanut hulls. They found that unground hulls produced faster average daily gain
than the processed hulls and produced feed:gain ratios that were similar to the processed
hulls. Also, 56% and 59% of steers fed finely ground and pelleted peanut hulls,
respectively, had liver abscesses while only 3% of steers consuming unground peanut
hulls had abscesses (Utley et al., 1974).

Utley and McCormick (1972) found that including 10% to 20% peanut hulls in a
high concentrate diet promoted weight gain in steers. The amount of feed intake
increased in proportion with the amount of hulls in the diet so that steers at all hull levels
received similar amounts of concentrate. Utley et al. (1973) found that including 10% to
20% peanut hulls in a feedlot diet will provide adequate fiber to prevent digestive
problems without affecting feedlot performance.

History of Cotton

According to Brubaker et al. (1999), cotton is the world’s most important textile
crop; it is also used to produce cottonseed, oil and protein meal. Cotton has been used to
produce fibers since ancient times. The people of India used cotton for fabrics as early as
2000 B.C. (May and Lege, 1999). Alexander the Great introduced cotton to Europe, and
its use became more widespread as trade routes opened up (May and Lege, 1999).

Cotton textile mills were established in Britain in the early 1600’s (May and Lege, 1999).
During the Industrial Revolution, advances were made in cotton processing that fueled
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the expansion of the world cotton market (May and Lege, 1999). In North America,
cotton had been used by Native Americans before European arrival; however, the
beginning of the modern cotton industry in North America is traced to Virginia colonists
in 1607 (May and Lege, 1999). America was unable to build textile mills due to British
laws that prevented the trade of textile technology. Samuel Slater defied these laws in
1789 and brought his knowledge of textile machinery to the United States (May and
Lege, 1999). Eli Whitney’s development of a cotton gin that could remove the seeds
from green seed cotton increased the amount of raw cotton that could be processed in a
day (Aiken, 1973). Since that time, the American cotton industry has continued to grow.
By the mid-19" century, the United States was producing 2 million bales of cotton; by
1900 this number had increased to over 10 million bales (May and Lege, 1999).

The cotton industry has more than doubled in the last century with the United
States producing 22.6 million bales of cotton in 2004 (NASS, 2005a). Cotton production
in the United States is concentrated in the south and southwestern United States,
including California (NASS, 2005a). Two main types of cotton are produced in the
United States. Upland cotton is a short staple cotton similar to the type brought to the
United States by the earliest settlers. Many varieties of Upland cotton are grown
throughout the United States (Smith et al., 1999). American-Pima is an extra long staple
cotton that was derived from Egyptian varieties and introduced in the United States
around 1900. It is grown primarily in the southwestern United States (Smith et al., 1999).

Harvesting Cotton

There are two types of cotton harvesters utilized in the United States. They are

the spindle picker and the cotton stripper. The spindle picker is the most common and is
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utilized by 73% of farmers in the United States (Parnell et al., 1994). It is very selective
and only removes well-opened bolls from the plant (Williford et al., 1994). It is used in
most areas of the Southeast and will harvest 95% of the cotton in the field (Williford et
al., 1994). Cotton picked using a spindle picker may contain 100 Ib to 150 Ib of trash
material for every 1,500 Ib of cotton, which is the amount of picker cotton required to
produce a 480-1b bale of cotton lint (Parnell et al., 1994). This results in 6% to 10% of
the harvested cotton being trash, with 26% of the trash being fines, including sand (Baker
et al., 1994).

The cotton stripper runs on a 99% efficiency, but it is not selective (Williford et
al., 1994). The cotton stripper will remove all opened and unopened bolls, burrs, sticks,
and plant material. The cotton stripper is utilized by only 26% of farmers, primarily in
the Southwest (Parnell et al., 1994). This is because dry conditions may cause plants to
be small and have a low production, and the cotton stripper will harvest the cotton more
efficiently (Williford et al., 1994). The cotton stripper produces 700 Ib to 1,000 1b of
trash for every 2,200 Ib of stripper cotton required to produce a 480-1b bale of cotton lint
(Parnell et al., 1994). This results in 30% to 40% trash material with 64% of the trash
composed of burrs and 15% fine trash, which includes sand (Baker et al., 1994).

Cotton Ginning

Harvested cotton is processed at the cotton gin, where it undergoes a series of
cleaners prior to entering the gin press. Trash differences between picker- and stripper-
harvested cotton require it to be processed at different gins. The stripper cotton gin will
have more cleaners capable of handling the excessive amounts of trash found in stripper-
harvested cotton (Mayfield et al., 1999). The first cleaner the cotton passes through is the
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green boll trap, which removes green bolls, rocks, and heavy trash from the cotton
(Mayfield et al., 1999). Next, the cotton passes through a cylinder cleaner that removes
fine trash particles, including leaves and sand (Mayfield et al., 1999). The stick machine
removes burrs and sticks from the cotton (Baker et al., 1994). Hulls and motes are
removed by the extractor/feeder prior to entering the gin stand (Baker et al., 1994). The
gin stand is where cotton is separated into seed and cotton lint (Mayfield et al., 1999).
The seed is collected and used for oil, meal, and feed. The lint enters the lint cleaners,
which removes remaining seeds and foreign matter (Baker et al., 1994). Then the lint
enters the bale press where the lint is packaged into a uniform bale (Anthony et al.,
1994). The trash removed by each cleaner is carried by a central airflow system that
combines the trash from each stage of cleaning and collects it in waste piles or trash
houses outside the gin (Parnell et al., 1994).

Cotton By-products

Many by-products are produced from the processing of cotton. These include
whole cottonseed, cottonseed meal, cottonseed hulls, cotton mote, textile mill waste, and
cotton gin trash.

Whole cottonseed. Whole cottonseed is extracted from the cotton plant at the gin

and is used for cottonseed oil or as a ruminant feed (Kunkle et al., 2004). Whole
cottonseed is a good source for both protein and energy, with crude protein
concentrations around 24% and TDN at 90% (NRC, 2000). Whole cottonseed does not
require processing prior to feeding, which reduces cost (Poore and Rogers, 1995). Two
problems associated with feeding cottonseed are its high fat content and the presence of

gossypol. Whole cottonseed has a fat content of 17.5%, so feed levels should not exceed
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20% of diet dry matter in mature cows and 15% diet dry matter in growing cattle (Rogers
and Poore, 1994; NRC, 2000; Rogers et al., 2002).

Gossypol is a yellow pigment found in cotton glands that is toxic to livestock.
Nonruminant animals are especially susceptible to the effects of gossypol because they
do not have a method of detoxifying it. Ruminant animals are only mildly susceptible
because they can detoxify gossypol by binding free gossypol to soluble proteins within
the rumen (Reiser and Fu, 1962). This system may be overwhelmed if the amount of
gossypol consumed exceeds the amount of available protein (Morgan, 1989). Tolerance
levels of gossypol in cattle are 0.18% gossypol for mature cattle and 0.04% gossypol for
young calves (Morgan, 1989). The largest concentration of gossypol is found in the
seeds and roots (Rogers et al., 2002). Gossypol content in cottonseed may be affected by
the species and variety of the cotton plant as well as environmental conditions, such as
rainfall and temperature (Pons et al., 1953). In general, cottonseed contains between
0.002% to 6.64% gossypol (Morgan, 1989). Gossypol is classified as a polyphenolic
binapthyl dialdehyde, and is found in two forms, free and bound (Rogers et al., 2002).
The bound form is non-toxic because it is bound to proteins and is not released during
digestion, but the free form can be toxic to the animal if consumed. Gossypol has two
stereoisomers (+) and (-) (Kim et al., 1993). The (-) isomer is more toxic than the (+)
isomer (Kim et al., 1993). Pima cotton, which is grown in Arizona, New Mexico, and
parts of west Texas, contains 52% to 57% of the (-) gossypol isomer (Kim et al., 1993).
Upland cotton, which is the most common cotton grown in the southern United States,

has only 32% to 49% of the (-) gossypol isomer (Kim et al., 1993).
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Gossypol can affect feed intake, cause weight loss, affect reproduction, and
prolonged exposure can cause cardiac effects that may lead to death (Merck, 1998).
These symptoms are rarely seen in ruminant animals because they are capable of
detoxifying the gossypol. The largest concern of gossypol in ruminant animals is that the
(-) isomer can cause male infertility (Kim et al., 1993). Gossypol affects the germinal
epithelium and mitochondria in the tail of sperm, causing a reduction in sperm count as
well as sperm that are not structurally correct (Randel et al., 1992). In ruminant animals,
infertility is reversible. Once gossypol is removed from the diet, normal sperm are
produced within sixty days, and the negative reproductive effects are removed (Rogers
and Poore, 1995). The cottonseed fed to ruminants in the Southeast are from Upland
cotton, which does not have a large concentration of the (-) isomer that causes male
infertility. For this reason, feeding cottonseed in the Southeast is not as large an issue as
it would be in the Southwest. However, it is still recommended that bulls be limited to 5
Ibs of cottonseed/day, while cows may consume anywhere from 5 1bs to 8 lbs/day
(Rogers and Poore, 1995). Cottonseed should not be fed to preruminant calves, but
growing cattle can be fed up to 15% cottonseed in the diet without adverse effects
(Rogers et al., 2002).

Cottonseed meal. Cottonseed meal is used as a protein supplement in cattle. It is

produced as a by-product of cottonseed oil extraction. Cottonseed meal has a crude
protein content around 46% and a TDN value around 75% (NRC, 2000). Cottonseed
meal contains gossypol at levels between 0.8% to 1.4%, which makes it more toxic than
whole cottonseed (Rogers et al., 2002). This is because the processing of cottonseed into
meal releases the free gossypol from the pigment glands (Rogers et al., 2002).
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Cottonseed meal is produced by four mechanisms: 1) screw processing, 2) prepressed-
solvent extraction, 3) expander-solvent extraction, and 4) direct-solvent extraction
(Rogers et al., 2002). Each method produces cottonseed meal with gossypol
concentrations lower than 0.13%, except for the direct-solvent extraction, which results in
a concentration of 0.3% (Rogers et al., 2002). The direct-solvent extraction frees bound
gossypol making the meal more toxic to the animal (Poore and Rogers, 1995). The
presence of gossypol makes cottonseed meal toxic to nonruminant animals, therefore, it
can be obtained cheaper than soybean meal (Poore and Rogers, 1995).

Cottonseed hulls. Cottonseed hulls are another by-product of cottonseed oil

production (Poore and Rogers, 1995). Cottonseed hulls have a low nutritional value, with
45% TDN and crude protein between 4% and 5% (NRC, 2000; Waller, 2006). When
compared with other roughages, cottonseed hulls increase feed intake and reduce feed
efficiency (Swingle, 1995). They also slow outflow of particles from the rumen, altering
digestion of other diet ingredients (Goetsch et al., 1986). Cottonseed hulls do not contain
significant concentrations of gossypol and will not cause toxicity (Rogers et al., 2002).
Cottonseed hulls can be used as a hay replacer in high grain diets, especially when
grinding hay is not desired (Rankins, 2004). Three kilograms of cottonseed hulls can be
used to replace 2 kg of an average quality hay in the diet (Rogers et al., 2002).

Cotton mote. Gin motes are fibers and immature cotton seeds removed during the
ginning process (Rogers et al., 2002). They contain very little leaf, stem, and soil (Poore
and Rogers, 1995). Cotton motes can be marketed to gins that re-gin them and produce a
useable fiber called linters, which are used in high-quality papers and explosives (Rogers

et al., 2002). Motes that are not re-ginned can be used as a cattle feed. Cotton motes
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have good nutritional value as a roughage, with 45% to 50% TDN and 7% to 9% crude
protein (Rankins, 2004).

Textile mill by-product. Textile mill by-product is a waste product of the yarn

manufacturing process (Rogers et al., 2002). Cotton yarn manufacture produces five
types of waste: 1) stem, leaf, and cottonseed from the lint, 2) short cotton fibers, 3) dust,
4) waste yarn and slivers (long strands ready for spinning), and 5) foreign materials
discarded on the floor (Poore and Rogers, 1995). This waste is combined into 2 groups:
sweeps and textile mill by-products. Sweeps consist of waste yarn, slivers, and foreign
matter that is unfit to be fed to animals (Rogers et al., 2002). Textile mill by-products
contain stem, leaf, cottonseed, short fibers, and dust, which can be fed to ruminants
(Rogers et al., 2002). This waste can be obtained in 700 1b bales or in briquettes that are
2- to 3-inch pellets (Poore and Rogers, 1995). Textile mill by-product has a crude protein
value around 8% and a TDN value between 50% and 60% (Rogers et al., 2002). Feed
studies with textile mill waste have shown that when included as 20% (DM basis) of the
diet, it is similar to sorghum silage, and it has a digestibility similar to low-quality fescue
hay and high quality bermudagrass hay (Luginbuhl et al., 1994; Poore, 1994). Textile
mill by-product should not be fed 28 days prior to slaughter (Poore and Rogers, 1995).
Mature cows should receive no more than 10 lb/d and stocker cattle should receive no
more than 20% of their diet in textile mill by-product (Rogers et al., 2002).
Gin Trash

Cotton gin trash is composed of stems, leaves, burrs, immature seeds, and sand
removed from cotton at the gin. There are about 2.8 million tons of gin trash produced in
the United States each year (Thomasson et al., 1998). It is estimated that about 40,000
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tons are produced in Alabama alone (NASS, 2005b). The size and type of the gin
determines the amount of gin trash that it will produce. A picker-harvested gin,
processing 15,000 bales of seed cotton per year may produce 1,000 tons of gin trash in
one season (Thomasson et al., 1991). A 15,000 bale/year stripper-harvested gin may
produce upwards of 5,000 tons of gin trash per season (Castleberry and Elam, 1999).
Cotton gin trash is composed of 22% permanganate lignin, which causes it to decompose
at a very slow rate (Conner and Richardson, 1987). This poses a problem at the gin
because the gin trash accumulates rapidly and must be disposed of, because it occupies
space, poses a fire hazard, and may lead to water contamination (Thomasson et al., 1998).
In the past, ginners utilized incineration and dumping to dispose of gin trash
(Thomasson, 1990). However, public awareness of pollution issues and strict
environmental laws have increased the cost and decreased public opinion of these
disposal methods. Incinerating gin trash began to decline after the 1970 Federal Clean
Air Act, because the burning method required to meet emissions standards was too costly
for gins (Thomasson, 1990). In the 1965 to 1966 ginning season, 37% of gin trash across
the Cotton Belt was incinerated (Reeves, 1976). By 1991, 23% of the gin trash produced
in the Midsouth was disposed of by incineration (Thomasson et al., 1991). Today,
incinerating gin trash has been phased out and is no longer practiced (Thomasson et al.,
1998). Dumping gin trash in a solid waste disposal landfill is allowed, however,
dumping costs have increased and this practice has no profit potential (Thomasson,

1990).
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Gin Trash Disposal Methods

Castleberry and Elam (1998) conducted a survey of 82 Texas gins and found that
gins pay an average of $1.44/ton to dispose of cotton gin trash. The cost of disposal
ranged from a net profit of $8/ton to a cost of $10/ton. They estimated that Texas ginners
pay an average of $1.8 million on gin trash disposal each year. This disposal cost,
coupled with the large amount of gin trash produced and environmental issues, has driven
ginners to utilize alternative methods of disposal in an effort to decrease pollution and
make a profit. These methods include: 1) soil amendment, 2) compost, and 3) livestock
feed.

Soil Amendment. Soil amendment is an alternative method of disposal in which

the raw gin trash is spread on fields. Research shows that applying 3 tons to 6 tons of gin
trash per acre will significantly increase crop yields. In a study done by Box and Walker
(1959), applying 6 tons per acre of cotton land increased lint yields by 27 1b. Harper
(1950) showed that applying 3 tons per acre improved seed cotton yields by 20%.
Fryrear and Koshi (1974) showed lint yield increases of 16% to 36% when 5 tons per
acre were applied. They also found that the largest yield increases occurred during the
drier years. Not all studies exhibit yield increases. Millhollon et al. (1984) reported that
after seven years of gin trash application, there was no improvement in seed cotton or lint
yields.

Spreading gin trash improves yield by retaining moisture in the soil. A 4.1 tons
per acre application rate can increase water retention 31% to 50% (Fryrear, 1979). Gin
trash also increases organic matter as well as reducing the bulk density of the soil (Koshi

and Fryrear, 1973). A reduction in soil temperatures to a depth of 30 inches has also
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been observed with gin trash amendments (Fryrear and Koshi, 1974). Gin trash improves
soil fertility by fertilizing the soil and allowing it to retain nutrients (Thomasson, 1990).
A study by Fryrear (1979) on 5-year test plots, two years after amendments were stopped,
showed that spreading gin trash increased phosphorus concentrations from 12.5 Ib/acre to
29.4 Ib/acre. Potassium was also increased from 620 Ib/acre to 1067 1b/acre. However,
gin trash amendments do not lead to a significant increase in nitrogen, copper,
magnesium, or calcium oxide.

Cotton gin trash has the potential to improve yield, however, there are some
disadvantages to using it as a soil amendment. Cotton gin trash may spread weeds and
diseases to the growing cotton plants (Mayfield, 1991). Many farmers stopped using it as
a soil amendment because of these problems (Mayfield, 1991). However, a study by Box
and Walker (1959) showed no differences in weed and disease infestations over a six year
period. Fryrear (1979) did note a higher weed infestation but it was easily controlled by
cultivation.

Composting. Composting the gin trash is a solution to the problems of raw soil
amendment. Composting destroys verticillium dahliae, which is a fungus that causes
verticillium wilt, a disease in cotton plants (Parnell et al., 1980; Hills et al., 1981). Hills
et al. (1981) also reported that composting destroyed weed seeds, such as bermudagrass,
watergrass, and pigweed. Composting gin trash does not require a microorganism
inoculant or the addition of nitrogen (Griffis and Mote, 1978). However, it does require
high internal temperatures, moisture, and aeration. Composting begins when the internal
temperature reaches 113°F and ends when the temperature will not stay above 113°F
(Reddell et al., 1975). Composting gin trash requires adequate aeration by turning and
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60% moisture, achieved by wetting the pile (Hills, 1982). Material can be composted
within 3 to 7 weeks if proper moisture and aeration are applied (Alberson and Hurst,
1964; Hills, 1982). If the pile is kept wet but is not aerated, it will take about 3 months
for the gin trash to decompose (Alberson and Hurst, 1964). Composting gin trash will
reduce dry matter weight by 50% and volume by 60% (Parnell et al., 1980). The
composted gin trash will contain about 3% nitrogen, however, only about 7% to 30% of
the nitrogen will be immediately available to the plant (Parnell et al., 1980; Seiber et al.,
1982).

Livestock Feed. Gin trash can be used as a roughage in ruminant diets.

According to Lalor et al. (1975), gin trash contains moderate protein and energy, and is
comparable to low-quality bermudagrass hay. Palatability is good as long as gin trash
does not exceed 40% of the diet (Lalor et al., 1975). Gossypol is not considered to be a
problem in gin trash because it contains only a small number of immature seeds.

Gin trash is inexpensive and often can be purchased for the price of transporting it
from the gin (Kunkle et al., 2004). On average, the purchase price for gin trash is about
$30/ton (Myer and Hall, 2003). When compared to corn at $2.50/bu to $3.00/bu, gin
trash has a value of $49/ton to $58/ton (McCann and Stewart, 2000). Gin trash has an
energy value of $54.25/ton when compared to a 52% TDN hay that is $60/ton (Rankins,
2004).

The nutrient composition is highly variable, depending on harvest method, cotton
variety, weather, area grown, and the amount of dirt in the gin trash (Bader et al., 1998).
The ash content, which consists of sand and minerals, is the most variable component and

can range from 8% to 28% depending on the amount of sand that is present (Lalor et al.,
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1975). A high ash content is found in gin trash that has not been cleaned, was stripper-
harvested, or that has been produced from cotton grown in areas with sandy soil (Lalor et
al., 1975; Axe et al., 1982; Baker et al., 1994). Crude protein is the second most variable
component, and it is related to the amount of immature seed in the gin trash as well as
weather conditions during the growing season (Lalor et al., 1975).

As with any by-product feed, there are some problems associated with feeding gin
trash. Transportation is an issue because gin trash has a low bulk density, which may
make it necessary to haul multiple loads to achieve the requested tonnage (Kunkle et al.,
2004). This will increase the price of the gin trash because the largest expense in using
by-products is transportation (Rankins, 2002). Transportation problems can be alleviated
by grinding, pelleting, baling, or moduling the gin trash (Lalor et al., 1975; Rogers et al.,
2002). Once received, the gin trash should be stored in a commodity bin or in covered
piles.

Moisture may also be a problem with gin trash because many gins spray their
trash piles with water to reduce dust and speed up decomposition (Rankins, 2002). This
excess moisture may promote mold growth and encourage production of mycotoxins
(Wakelyn et al., 1972; Lalor et al., 1975). The moisture may also cause the pile to heat to
the extent that the nutrients are bound and become less digestible (Rankins, 2004).

A disadvantage to feeding gin trash is the lack of established tolerance levels of
chemical residues in gin trash (Buser, 2001). Cotton is treated with many types of
pesticides and defoliants throughout the growing season. Many of the chemicals used are

labeled as “Do not feed to livestock any crop material that has had this chemical applied”
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(Buser, 2001). Arsenic was the most common residue found in gin trash, however, it was
taken off the market as a defoliant in 1993 (Rogers et al., 2002).

Seiber et al. (1979) conducted a study that measured the amount of chemical
residue found in various stages of gin trash production. The chemicals studied were the
defoliants, S, S, S-tributyl phosphorotrithioate (DEF) and paraquat, and the insecticide,
toxaphene. The cotton was planted in test plots and treated according to the labels.
Samples were taken after application, prior to harvest, after harvest, prior to ginning, and
five months after harvest. DEF residues decreased from 169 ppm to 33 ppm, twelve days
after application. Gin trash from this crop had DEF residue concentrations of 50.6 ppm
immediately following harvest with a less than 20% decline to 41.2 ppm after five
months of storage. The largest concentration of DEF occurred in the non-lint portion,
which had a residue concentration of 46.4 ppm, five months after storage. The residue
concentration of the lint portion five months after storage was 7.7 ppm. DEF tolerance
concentrations are 4 ppm in cottonseed and 6 ppm in cottonseed hulls. The tolerance
concentration for paraquat in cottonseed is 0.5 ppm. The waste from the cotton treated
with paraquat was separated into lint and non-lint portions, with the non-lint portion
having the highest concentration of residue at 9.3 ppm. There was no significant decline
in the amount of paraquat present in either portion of the gin trash during storage.
Toxaphene levels were reduced from 661 ppm to 135 ppm, fifty days after application.
Gin waste tested after ginning showed toxaphene residues at 61.4 ppm. After five
months of storage this had been reduced to 43 ppm, which is more than the 5 ppm
tolerance level of toxaphene in cottonseed. After the storage period the lint portion had

toxaphene levels of 10.2 ppm while the non-lint portion had levels of 51.5 ppm. Seiber et
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al. (1979) concluded that residues from these three chemicals will be present in the waste,
with the highest concentrations occurring in the non-lint portions.

Researchers in Georgia analyzed trash from 21 gins and found no significant
concentrations of chemicals, except for DEF (Stewart et al., 1998). The amount of DEF
ranged from O ppm to 25.6 ppm, with an average of 4.49 ppm. The average amount in
the gin trash was less than the cottonseed tolerance concentration of 6 ppm, however,
until tolerance concentrations are established for gin trash, it cannot be guaranteed as safe
to feed.

Gin trash may also be contaminated with weed seeds, depending on the amount of
weeds in the field prior to harvest (Kunkle et al., 2004). These weeds can be spread
throughout pastures during feeding. Other contaminants include mycotoxins and
unwanted trash.

The permanganate lignin content of gin trash can be as high as 22%, which is
comparable with the lignin content of wood (Conner and Richardson, 1987). This high
percentage of lignin not only slows decomposition in soil but also decreases digestibility
by microorganisms in the rumen (Conner and Richardson, 1987). Energy from gin trash
is derived from the breakdown of cellulose in the rumen (Conner and Richardson, 1987).
As a plant matures, lignin content increases, which decreases cellulose digestibility
(Allinson and Osbourn, 1970). Plant residues in gin trash are at full maturity and,
therefore, have low energy digestibility. Another disadvantage of gin trash is the limited
availability of protein (Brown et al., 1979). This may be due to lignification, silification,

or insufficient dry matter intake (Sagebiel and Cisse, 1984).
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Another factor that affects gin trash digestibility is the amount of sand picked up
by the harvester. Large amounts of sand lower digestibility because minerals depress
cellulose digestibility (Van Soest, 1994). The mechanism is unknown but could be due to
the silica in the sand inhibiting rumen activity by creating trace metal deficiencies in the
microorganisms (Smith and Nelson, 1975). Thus, the amount of sand that is present in
the gin trash will decrease its digestibility. The amount of sand present is dependent on
the harvest method and if the cotton was produced in a sandy area or where the wind
blows frequently (Lalor et al., 1975).

Numerous feed studies have been conducted to determine the usefulness of gin
trash as a livestock feed. One of the earliest studies was conducted by Erwin and
Roubicek (1958). In an effort to determine the feeding value and palatability of
unprocessed gin trash, they fed 30 steers one of 5 diets over an 83-day growing period.
The diets consisted of: 1) hegari silage, 2) hegari silage + milo grain + gin trash, 3) milo
grain + gin trash, 4) gin trash, and 5) gin trash + molasses. Also, the diets were fed in a
76-day fattening period with the addition of milo grain to Diets 4 and 5. They found that
Diets 1, 2, and 3 had faster ADG than Diets 4 and 5. Feed efficiency was similar among
Diets 1, 2, and 3, but Diet 1 produced more efficient gains than Diets 4 and 5. During the
fattening period, ADG of Diets 2, 4, and 5 were similar, while steers on Diet 1 and Diet 3
had slower gains. They concluded that gin trash was palatable, because dry matter intake
of diets containing gin trash was higher than that of diets containing silage. Also, the
addition of molasses did not improve intake or feed efficiency of the gin trash. A second
study by Erwin and Roubicek (1958) was conducted to evaluate the effects of feeding
different levels of gin trash. In this study, 108 steers were fed one of six diets for 91
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days. The diets consisted of hegari silage:cotton gin trash in ratios of: 1) 100:0, 2) 80:20,
3) 60:40, 4) 40:60, 5) 20:80, and 6) 0:100. They found that there was no significant
difference between Diets 1, 2, and 3, but once gin trash was increased beyond 60% of the
diet in Diets 4, 5, and 6, ADG slowed significantly.

Brown et al. (1979) conducted a study on feeding gin trash to dairy cattle. Four
diets were fed to 12 Holstein cows in a double reversal experiment. The four diets
consisted of: 1) 50% concentrate + 50% alfalfa, 2) 50% concentrate + 40% alfalfa + 10%
gin trash, 3) 50% concentrate + 20% alfalfa + 30% gin trash, and 4) 50% concentrate +
50% gin trash. They found that weight gains were not affected by the presence of gin
trash in the diets. The diets containing 30% and 50% gin trash decreased milk yield and
increased milk fat percentage. Protein digestibility was significantly reduced as the
amount of gin trash in the diet increased. However, the additional gin trash in the diets
caused fat digestibility to increase. Brown et al. (1979) concluded that gin trash may be
fed but only when the price is low enough to counteract the decrease in production.

A study by Sagebiel and Cisse (1984) evaluated the effects of feeding cotton gin
trash to pregnant beef cows. In the first trial, 90 pregnant cows were fed one of three
diets for 90 days. The diets were as follows: 1) 100% gin trash, 2) 30% gin trash + 70%
sorghum silage, and 3) 100% sorghum silage. The cows on Diet 3 gained weight while
those on Diet 2 maintained their weight and cows on Diet 1 lost weight. Cows fed all gin
trash did not consume enough feed to meet their TDN requirements, but they did exceed
their protein requirement by 38%. The significant weight loss led Sagebiel and Cisse
(1984) to conclude that some of the protein was unavailable due to lignification or

silification. In the second trial, 75 pregnant cows were fed one of three diets: 1) 90% gin
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trash + 10% molasses, 2) 80% gin trash + 20% molasses, and 3) 70% gin trash + 30%
molasses for 56 days. They concluded that the amount of molasses did not significantly
improve ADG nor did it increase gin trash intake. This is similar to the data reported by
Erwin and Roubicek (1958). The third trial consisted of feeding 80 pregnant cows one of
four diets consisting of gin trash fed ad libitum and varying levels of whole cottonseed:
1) 1.135 kg/d, 2) 2.27 kg every other day, 3) 2.27 kg/d, and 4) 4.54 kg every other day.
Inclement weather and a reduced supply of cotton gin trash skewed the data and caused
the trial to conclude prematurely. Initial observations showed that cottonseed increased
intake of cotton gin trash and cows fed daily consumed more gin trash than those fed
every other day. In all trials they observed that younger cows tended to lose more weight
than the older cows, however, this trend was not significant.

Hill et al. (2000a) conducted a study on feeding gin trash to non-pregnant beef
cows. Twenty-four cows were fed one of two diets for 55 days. The diets consisted of:
1) free choice gin trash and 2) free choice gin trash and 1.36 kg/d corn. Cows on Diet 2
had an ADG of 0.018 kg/d, while cows on Diet 1 lost 0.136 kg/d. Both groups had lower
ultrasound backfats at Day 55. From this data, Hill et al. (2000a) concluded that the
nutritive value of gin trash cannot maintain beef cows without adequate supplementation.

A study by Hill et al. (2000b) was conducted to determine the value of feeding gin
trash to steers. Thirty-six steers were allotted one of four diets over an 18-day period.
The diets consisted of: 1) 5.67 kg gin trash + 1.75 kg corn, 2) 4.91 kg gin trash + 2.47 kg
corn, 3) 4.06 kg gin trash + 3.29 kg corn, and 4) 3.17 kg gin trash + 4.15 kg corn. In
Diets 2, 3, and 4 they found that the increased level of corn needed for the desired gain
decreased fiber digestibility (NDF and ADF). From this, Hill et al. (2000b) concluded

25



that gin trash cannot be used effectively by growing beef cattle to produce economical
gains.

Physical Processing Methods

The poor digestibility of cotton gin trash as well as its low bulk density has led to
the development of methods that improve its feeding value and ease of handling.
Physical treatments such as cleaning, grinding, and extruding will improve both quality
and handling of cotton gin trash.

Cleaning. The nutritive value of gin trash is reduced by large amounts of sand
(Axe et al., 1982). Cotton grown in sandy areas and stripper-harvested cotton will
contain larger amounts of sand (Lalor et al., 1975; Baker et al., 1994). Smith and Nelson
(1975) stated that silica reduced forage digestion by binding to minerals and reducing the
availability of minerals needed by cellulolytic microbes. This mineral deficit inhibits
proper fermentation and reduces the digestibility of gin trash. Cleaning gin trash is the
simplest method of improving the feeding value. Cleaning removes dirt and fine trash
particles from the gin trash. Cleaning is performed by screening the gin trash and
allowing fine particles to be removed (Axe et al., 1982).

In a study by Axe et al. (1982) gin trash was cleaned using a 20-mesh screen that
removed fine trash particles. The leftover lint, stem, leaf, and burr fragments were then
used in a diet fed to steers. The feeding trial showed that screening gin trash lowered ash
content (25%), improved rate of gain (9.6%), increased feed intake (6.4%), and improved
feed conversion (3.2%) as compared to the uncleaned gin trash.

Grinding. According to Castleberry and Elam (1998), grinding increases gin trash
digestibility as well as increases bulk density, which makes handling easier. Improved
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digestibility is supported by Han et al. (1983), who indicated that direct physical contact
between hydrolytic agents and cellulose molecules is necessary for cellulose hydrolysis.

They also stated that increasing accessible cellulose surface area will increase the rate of
hydrolysis (Han et al., 1983). This increase in surface area can be achieved by grinding.
Pordesimo et al. (2005) tested the in vitro dry matter digestibility (IVDMD) of gin trash

with particle sizes of 2-mm and 0.5-mm. Grinding to 0.5 mm resulted in an IVDMD of

47.8%, while the 2-mm grind produced an [IVDMD of only 33.8%.

Extruding. Extrusion is a process that combines mixing, pressure, and shear to
create frictional forces that generate heat and create a uniform product (Buser, 2001). In
the extrusion process, the raw materials are screened to remove fine particles, such as
dirt. The raw materials are then ground and mixed together. Next, they undergo
conditioning, cooking, and flaking. Then, the mixture is extruded into chips or pellets
(Thomasson et al., 1998). Extruding gin trash will produce a uniform product with a
higher feed value and reduced concentrations of chemical residues (Thomasson et al.,
1998). Gin trash extrusion requires the use of a lubricating material, such as whole
cottonseed, to improve flow through the extruder (Buser, 2001). Mixing with cottonseed
dilutes chemical residues present in the gin trash and improves the nutritive value
(Thomasson et al., 1998; Buser, 2001). Buser (2001) reports a minimum of 25%
cottonseed is necessary to maintain flow and create a uniform product. Less than 25%
cottonseed produced a product that was loose and fluffy. Thomasson et al. (1998)
disagrees, stating that even at 25% cottonseed, the product was a loose and fluffy

mixture, and that at least 50% cottonseed is needed to produce a good product.
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Extruding gin trash and cottonseed will also cause a reduction in chemical
residues (Thomasson et al., 1998; Buser, 2001). In a study by Thomasson et al. (1998),
chemicals were applied to the gin trash prior to extruding to ensure measurable amounts.
After extruding, there were significant reductions in the insecticide, methomyl (66%), the
defoliant, Dropp (90%), and gossypol content of the cottonseed. Buser (2001) conducted
a study in which the insecticides, methyl parathion and lambda cyhalothrin, and the
defoliants, tribufos and thidiazuron were applied to gin trash prior to extrusion with
cottonseed. In this study, extrusion significantly reduced levels of methyl parathion
(27%) and tribufos (40%). The concentration of lambda cyhalothrin was reduced, but not
significantly, however, this may have been affected by an outlier. Buser (2001) also
conducted a multiple pass study in which the gin trash/cottonseed mixture was extruded
four times to determine the effects on chemical residues. In the study, methyl parathion
and thidiazuron levels were reduced significantly by multiple extrusions (52% and 95%,
respectively). Lambda cyhalothrin levels were reduced 28%, but not significantly.
Tribufos levels were increased by extrusion, but this is thought to be an anomaly in the
residue analysis.

Thomasson et al. (1998) reported that extrusion did not have a negative effect on
feed value, and the addition of cottonseed actually improved nutritive value. Buser
(2001) noted a 30% decrease in soluble protein after the first extrusion and a decrease in
crude protein (10%) and TDN (4%) in the multiple extrusion process.

COBY method. The cotton by-product process (COBY), another type of

extrusion method, was developed by researchers at the USDA, ARS Cotton Production
and Processing Research Unit in Lubbock, Texas in 2002 (Middleton et al., 2001). This
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extrusion method utilizes a starch slurry composed of 240 g of feed grade starch and 1 L
of water. This is applied at a rate of 6% starch per weight of gin trash. The mixture is
then extruded at an average temperature of 110°C (Holt et al., 2003). Holt et al. (2003)
found that gin trash processed by the COBY method can be fed up to 30% of the diet
without adverse effects. They also found that the COBY process improved feed:gain
ratio and weight gain when compared with ground gin trash. They reported that
including a feed-grade enzyme improved weight gain, and replacing a natural protein
supplement with a slow-release urea supplement reduced intake and performance.

Chemical Processing Methods

The low digestibility of gin trash is a result of the high amount of lignification of
carbohydrates in the mature cotton plant (Conner and Richardson, 1987). Chemical
treatment makes these carbohydrates available to microbes by breaking the lignified
matrices (Arndt et al., 1980). The treatment most commonly used on gin trash is sodium
hydroxide (Conner and Richardson, 1987). Sodium hydroxide treatment works by
solubilizing hemicellulose without affecting cellulose content (Klopfenstein, 1978). It
also increases the digestion rate of cellulose and hemicellulose by breaking bonds
between the cellulose fractions and lignin, without reducing lignin content (Klopfenstein,
1978). Treatment with sodium hydroxide involves applying a 25% sodium hydroxide
solution at a rate of 7.3 kg/100 kg dry matter, which results in a rate of 4% sodium
hydroxide on a dry matter basis (Conner and Richardson, 1987). Feeding sodium
hydroxide treated residues may cause a sodium overload in the animal (Arndt et al.,

1980).
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Arndt et al. (1980) studied the effects of gin trash treated with sodium hydroxide
on lambs. Gin trash was treated with a 4% sodium hydroxide solution and then mixed
with a diet that included sorghum grain and soybean meal. The first trial measured the
effects of treated and untreated gin trash that composed 70% of the diet. The diet
containing sodium hydroxide-treated gin trash had a dry matter digestibility 35% greater
than the untreated diet (54.7% vs 40.4%) and organic matter digestibility was improved
similarly (42% vs 57%). The sodium hydroxide-treated diet increased urine volume by
almost 100%, because sodium hydroxide acts as a diuretic. In another trial by Arndt et
al. (1980), diets contained 70% gin trash, but the amount of treated and untreated gin
trash was variable. Diets included: 1) untreated, 2) 1/3 treated:2/3 untreated, 3) 2/3
treated: 1/3 untreated, and 4) 100% treated gin trash. The treated gin trash represented
0%, 23%, 47%, and 70% of the total diet, respectively. Feeding Diets 2 and 3 improved
dry matter digestibility and organic matter digestibility. When all of the gin trash was
treated, a 5% reduction in dry matter digestibility and a 4.9% reduction in organic matter
digestibility were observed. From this it is inferred that optimum dry matter digestibility
and organic matter digestibility are obtained when only 40% to 50% of the total diet is
treated with sodium hydroxide. This could be due to the increased amount of sodium
hydroxide causing a decrease in rumen retention time or having negative effects on
microorganisms in the rumen (Arndt et al., 1980). The differences between the two
studies were caused by variations in the diets and differences in particle size of the
ground gin trash. These studies also indicated that the feeding of sodium-hydroxide

treated gin trash increased mineral requirements for potassium, chloride, and magnesium.
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Pordesimo et al. (2005) studied the in vitro dry matter digestibility of gin trash. In
vivo digestibility is lower than in vitro digestibility because of a faster rumen turnover,
increased osmotic pressure, and the possibility of toxicity to microorganisms (Arndt and
Richardson, 1985). In the study by Pordesimo et al. (2005) the gin trash was ground to 2
mm and treated with 4% sodium hydroxide and 6% sodium hydroxide. The 4% sodium
hydroxide-treated gin trash had an improved IVDMD of 60.6%, while the 6% sodium
hydroxide improved IVDMD by 70.5%. Even though the 6% sodium hydroxide solution
is more effective at improving digestibility, it is not feasible because the high sodium
concentration can a cause sodium overload in the animal (Arndt et al., 1980).

Studies have also been conducted involving treatment of cotton waste products
with oxidizing agents such as ozone. Ozone is a highly reactive, penetrating molecule
that attacks the carbon-carbon double bonds of lignin’s phenolic constituents (Ben-
Ghedalia et al., 1980). A study by Ben-Ghedalia et al. (1980) indicated that treating
cotton straw with ozone decreased lignin content 50%, cellulose IVDMD by 30%, and
improved IVDMD by more than 100% from 29.6% to 60.5%. This was due to a
conversion of cell walls into cell contents. While ozone is a very effective method of
improving gin trash digestibility, it is not used because utilizing it on a large scale is not
economically feasible (Conner and Richardson, 1987).

Summary

By-product feeds provide producers with low-cost alternative feeds for cattle
while reducing waste in the environment. Gin trash is a by-product feed that can be used
as a forage supplement in beef cattle. It is palatable and its nutrient composition is

similar to that of low-quality hay. Gin trash may contain chemical residues from
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pesticides and defoliants applied to cotton prior to harvesting. Tolerance levels have not
been established for chemical residues in gin trash, however, there have been no adverse
affects observed from the feeding of gin trash. The low digestibility of gin trash can be
improved by cleaning, grinding, extruding, and by application of sodium hydroxide.
Studies involving gin trash have shown that when fed at less than 30% of the diet with
supplementation, weight can be maintained. The purpose of this study was to compare
the digestibility and feeding value of cotton gin trash in growing beef cattle with that of

peanut hulls.
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ABSTRACT

Two trials were conducted to evaluate the feeding value of cotton gin trash as it
compares with peanut hulls, with or without supplemental protein, as a roughage source
in beef cattle. In Trial 1, 40 Angus x Continental steers (initial BW = 233 kg) were
allotted randomly to one of the following 4 diets: 1) 45% peanut hulls + 55% cracked
corn, 2) 45% peanut hulls + 47% cracked corn + 8% cottonseed meal, 3) 45% gin trash +
55% cracked corn, and 4) 45% gin trash + 47% cracked corn + 8% cottonseed meal.
There were 2 pens/diet with 5 steers/pen. Steers were allowed ad libitum access to diets
and bermudagrass hay was offered free choice in each pen. Steers were weighed initially

and every 28 days throughout the 112-day trial. Data were analyzed as a 2 x 2 factorial,
with factors being two roughage sources with or without cottonseed meal. Steers fed gin
trash gained faster than those fed peanut hulls (1.19 vs 0.94 kg/d; P < 0.01) and had
greater dry matter feed intake (10.3 vs 7.6 kg/d; P < 0.05). Diets containing cottonseed
meal produced faster ADG than those containing no cottonseed meal (1.14 vs 0.99 kg/d;
P <0.02), and had greater dry matter feed intake (9.7 vs 8.3 kg/d; P < 0.05). A roughage
source by protein supplementation interaction was detected for feed intake. Diet 2 had a
higher feed intake than Diet 1 (8.7 vs 6.6 kg/d; P < 0.05). Dry matter feed intake of diets
containing gin trash was not affected by the presence of cottonseed meal (P > 0.05). Hay

intake and total dry matter intake were not different among diets (P > 0.05). In Trial 2,
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16 Angus x Charolais steers (initial BW = 301 kg) were assigned randomly to one of the
4 diets used in Trial 1 (4 steers/diet). Steers were fed their assigned diet for 14 days and
then placed in individual metabolism stalls for an 8-day digestibility study. Dry matter
intake did not differ among diets and averaged 6.0 kg/d or 2.0% of BW. Fiber
digestibility (NDF or ADF) was not different among diets. A significant cottonseed meal
by roughage source interaction was detected for DM, OM and CP digestibilities. Dry
matter and OM digestibilities were greater for Diet 3 compared with the other three diets
(P <0.07). Digestibilities of the 4 diets were as follows: 73, 73, 80 and 69% for DM,
respectively, and 72, 73, 80 and 72% for OM, respectively. Crude protein digestibility
was least (P < 0.05) for Diet 1 (60%) and greatest for Diet 2 (70%), with Diets 3 and 4
being intermediate (66% and 63%). Cotton gin trash was more digestible and resulted in
faster ADG than peanut hulls when fed to growing cattle. The addition of cottonseed
meal to gin trash diets did not affect cattle performance; however, addition of the protein

supplement to diets containing peanut hulls did increase performance.
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INTRODUCTION

Peanut hulls have been used as a low-quality roughage source in beef cattle diets
for many years (Utley and McCormick, 1972; Utley et al., 1973). They are combined
with a protein or energy source to provide a low-cost feed for stocker cattle. While
producing cost-efficient gains, peanut production is limited to a small area of the
southeastern United States; therefore, the option of feeding peanut hulls cost effectively
is not widely available to cattle producers. Cotton gin trash, a by-product of the ginning
process, is composed of stems, leaves, burrs, immature seeds, and sand from the cotton
plant. Like peanut hulls, gin trash can be used as a low-quality roughage source (Lalor et
al., 1975). An advantage to using gin trash over peanut hulls is that the cotton growing
industry encompasses a larger region of the United States, making the gin trash available
to more cattle producers.

The nutritive quality of gin trash varies depending on the variety of cotton, region
grown, and the type of harvest method used (Bader et al., 1998). The ash content is the
most variable component of gin trash and may be very high in areas with sandy soils or in
stripper-harvested areas (Lalor et al., 1975; Baker et al., 1994). Protein concentration is
also variable depending upon growing conditions of the cotton plant and the amount of

immature seed remaining in the gin trash (Lalor et al., 1975). Chemical residues from
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cotton plant applications do not appear to be present at concentrations that pose a
problem to the animal or the product (Stewart et al., 1998).

Studies have shown that gin trash is palatable to ruminants and can produce gains
when supplemented with a protein or energy source (Erwin and Roubicek, 1958; Sagebiel
and Cisse, 1984; Hill et al., 2000a). Many studies have been conducted on feeding gin
trash to beef cattle; however, more data is needed on the effects of feeding gin trash to
growing cattle. A production trial in which ADG and dry matter intake was measured,
and a digestibility study were conducted to determine whether diets containing gin trash
produce more efficient gains than diets composed of peanut hulls when fed to growing
steers. The addition of cottonseed meal to two of the diets compared the effects of

protein supplementation on average daily gain, feed intake, and digestibility.
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MATERIALS AND METHODS

A production trial was conducted at the Wiregrass Research and Extension Center
in Headland, Alabama and a digestibility study was conducted at the E. V. Smith Beef
Research Unit in Tallassee, Alabama. All experimental procedures were reviewed and
approved by the Auburn University Institutional Animal Care and Use Committee.
Feedstuffs

The gin trash was obtained from a gin in Headland, Alabama, that processes
spindle-picked cotton. Peanut hulls were obtained from the State Peanut Lab in
Headland, Alabama. The corn was grown in Henry County, Alabama.

Production Trial

Forty Angus x Continental steers (initial BW = 233 kg) were allotted randomly to
one of four diets for a 112-day study. There were two pens/diet and five steers/pen. The
diets consisted of 1) 45% peanut hulls + 55% cracked corn, 2) 45% peanut hulls + 47%
cracked corn + 8% cottonseed meal, 3) 45% gin trash + 55% cracked corn, and 4) 45%
gin trash + 47% cracked corn + 8% cottonseed meal. Steers had ad libitum access to
diets and bermudagrass hay was offered free choice. The steers were weighed prior to
the study and every 28 days throughout the 112-day trial. Also, feed intake was

measured on a weekly basis throughout the study.
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Digestibility Study

Sixteen Angus x Charolais (BW =301 kg) steers were assigned randomly to one
of the four previous diets, with 4 steers/diet, and housed in metabolism stalls for an 8-day
digestibility study. Steers were fed their respective diets for 14 days prior to entering the
metabolism stalls. The steers were placed in the metabolism stalls for 10 days with a 2-
day acclimation period prior to the start of the trial. The stalls provided access to water
and feed bunks. Movement was restricted to moving backwards or forwards, and lying
down. Rubber mats were used to collect fecal output, while urine was washed through a
slatted floor. Each day, fecal output, daily feed intake, and feed refusals were weighed
and a 10% sample was taken. Each sample was dried at 55°C until dry and stored for
further analysis.

Lab Analysis

All samples from diets, feed refusals, and fecal output were ground to pass a 1
mm screen using a Wiley mill. Dry matter and ash analyses were performed on each
sample according to the Association of Official Analytical Chemists (AOAC, 1995). The
amount of crude protein in each sample was determined using the Kjeldahl method
(AOAC, 1995). Concentrations of NDF and ADF for all samples were determined
sequentially using the method outlined by Van Soest et al. (1991). This procedure was
carried out using an ANKOM?**** Fiber Analyzer and ANKOM Technology F57 Filter

Bags.
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Statistical Analysis

Data was analyzed as a completely randomized design with a 2 x 2 factorial
arrangement of treatments using GLM procedures of SAS. Pen was the experimental unit

in the production trial, and animal was the experimental unit for the digestibility study.
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RESULTS

Chemical composition of the gin trash and peanut hulls used to formulate the diets
for the production trial and digestibility study are presented in Table 1.

Production Trial

The diets fed to steers in the production trial are shown in Table 2. One steer was
removed from Diet 2 due to failure to respond to treatment for pneumonia. Data for this
diet was adjusted accordingly. For ADG, there was no roughage source x protein
supplementation interaction (P > 0.25; Table 3). Steers fed gin trash had faster ADG than
those fed peanut hulls (P < 0.01; Table 3). Also, diets containing cottonseed meal
produced greater ADG than diets without cottonseed meal (P < 0.02; Table 3). A
roughage source x protein supplement interaction was detected for feed intake (P < 0.05;
Table 4). Feed intake was greater for diets containing gin trash than diets composed of
peanut hulls (P < 0.05; Table 4). Feed intake of diets containing gin trash was not
improved by the addition of cottonseed meal (P > 0.05; Table 4), whereas cottonseed
meal significantly improved intake of the diet containing peanut hulls (P < 0.05; Table 4).
Daily hay intake and total dry matter intake was not different among diets (P > 0.05;

Table 4).
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Table 1. Chemical composition of gin trash and
peanut hulls used to formulate experimental diets

Nutrient” Gin trash Peanut hulls
DM, % 93.1 92.0
OM, % 73.4 96.5
NDF, % 69.2 88.7
ADF, % 60.8 79.1
CP, % 12.4 54

*Dry matter basis
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Table 2. Chemical composition of diets used in the production trial

Diet”
Nutrient* 1 2 3 4
DM, % 914 91.3 90.9 91.1
OM, % 93.2 95.3 89.6 89.7
NDF, % 42.9 44.4 42.1 49.0
ADF, % 333 34.8 31.7 38.4
CP, % 9.6 12.3 11.5 13.6

* Dry matter basis

® Diet 1 = 45% peanut hulls + 55% cracked corn, Diet 2 = 45% peanut hulls + 47%
cracked corn + 8% cottonseed meal, Diet 3 = 45% gin trash + 55% cracked corn,
Diet 4 = 45% gin trash 4+ 47% cracked corn + 8% cottonseed meal
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Table 3. Effects of roughage source and protein supplementation on average daily gain
of steers in the production trial®

Roughage source Protein supplement
Variable Gin trash Peanut hulls No CSM CSM SE”
ADG, kg/d 1.19° 0.949 0.99° 1.14f 0.043

* Analysis of variance showed no roughage source x protein supplement interaction
(P > 0.25). Therefore, main effect means are shown.

® Standard error of the mean (n = 4)

“d Main effect means with different superscripts differ (P < 0.01)

* Main effect means with different superscripts differ (P < 0.02)
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Table 4. Effects of roughage source and protein supplementation on dry matter intake
of steers in the production trial®

Gin trash Peanut hulls

Variable No CSM CSM No CSM CSM SE”

Feed intake, 10.0° 10.7¢ 6.6 8.7° 0.26
kg/d

Hay intake, 2.3 1.8 2.8 2.0 0.65
kg/d

Total intake, 12.3 12.5 94 10.7 0.67
kg/d

* Analysis of variance showed a roughage source x protein supplement
interaction (P < 0.05) for feed intake
® Standard error of the mean (n = 2)

¢ Means with different superscripts differ (P < 0.05)

44



Digestibility Study

Table 5 shows the composition of diets fed to steers in the digestibility study. For
the digestibility study, there was no roughage source x protein supplement interaction for
daily dry matter intake or dry matter intake as a percent of body weight (P > 0.15; Table
6). There were no significant differences among the diets for these variables. Analysis
of fiber (NDF and ADF) digestibility data showed no roughage source x protein
supplement interaction (P > 0.65; Table 7). In addition, neither roughage source, nor
protein supplement, affected fiber digestibility. Dry matter digestibility and organic
matter digestibility were greater in diets of gin trash without cottonseed meal than in the
other 3 diets (P < 0.07 and P < 0.05, respectively; Table 8). The crude protein
digestibility of peanut hulls with cottonseed meal was greater than the crude protein
digestibility of peanut hulls without cottonseed meal (P < 0.05; Table 8), but neither was
significantly different from the crude protein digestibility of diets containing gin trash (P

> (0.05; Table 8).
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Table 5. Chemical composition of diets used in the digestibility study

Diet”
Nutrient* 1 2 3 4
DM, % 96.2 96.3 95.9 96.4
OM, % 96.9 96.5 82.8 83.1
NDF, % 45.2 51.6 42.5 48.2
ADF, % 34.9 40.9 34.7 39.1
CP, % 8.1 10.1 11.9 14.7

* Dry matter basis

® Diet 1 = 45% peanut hulls + 55% cracked corn, Diet 2 = 45% peanut hulls + 47%
cracked corn + 8% cottonseed meal, Diet 3 = 45% gin trash + 55% cracked corn,
Diet 4 = 45% gin trash + 47% cracked corn + 8% cottonseed meal
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Table 6. Effects of roughage source and protein supplementation on dry matter intake
of steers in the digestibility study”

Roughage source Protein supplement
Variable Gin trash ~ Peanut hulls  No CSM CSM SE"
Body wt, kg 299 303 301 301 8.53
Daily DM 5.89 6.17 5.54 6.51 0.404
intake, kg/d
DM intake, 1.97 2.03 1.83 2.17 0.116

% BW

* Analysis of variance showed no roughage source x protein supplement interaction
(P> 0.15). Therefore, main effect means are shown.
® Standard error of the mean n=4)
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Table 7. Effects of roughage source and protein supplementation on apparent
digestibility of fiber components®

Roughage source Protein supplement
Variable Gin trash  Peanuthulls  No CSM CSM SE
NDF, % 55.7 50.0 49.9 55.9 4.58
ADF, % 52.0 46.0 44.5 53.5 5.73

* Analysis of variance showed no roughage source x protein supplement interaction
(P> 0.65). Therefore, main effect means were shown.
® Standard error of the mean n=4)
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Table 8. Effects of roughage source and protein supplementation on apparent

digestibility of nutritive components®

Gin trash Peanut hulls
Variable No CSM CSM No CSM CSM SE”
DM, % 80.0° 69.2¢ 72.8¢ 72.64 1.82
OM, % 80.3¢ 71.5° 72.3f 727" 1.61
CP, % 65.7° 62.9° 60.3° 70.2f 2.16

* Analysis of variance showed a roughage source x protein supplement interaction

(P<0.07)
® Standard error of the mean (n = 2)

“d Means with different superscripts differ (P < 0.07)
*2 Means with different superscripts differ (P < 0.05)
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DISCUSSION

Nutrient Composition

The nutrient composition of the gin trash used to formulate the diets for this study
is shown in Table 1. The values are similar to published tabular values, which are DM:
91%, CP: 10%, NDF: 70%, ADF: 51%, and Ash: 14% (Preston, 2006). The largest
discrepancy was that the gin trash used in these experiments contained greater
concentrations of ash. According to Lalor et al. (1975), the ash concentration is the most
variable component of gin trash and can range from 8% to 28%. Ash concentration is
influenced by the amount of sand in the gin trash; therefore, cotton grown in sandy areas
or that has been stripper-harvested will produce gin trash that has a higher ash
concentration (Lalor et al., 1975; Baker et al., 1994). The gin trash used in these studies
was produced from spindle-picked cotton raised in the Wiregrass region of south
Alabama, which has sandy soils. The high ash concentration (i.e., 26.6%) of the gin trash
used in these experiments may be attributed to the sandy soils in the region.

Crude protein is the second most variable component of gin trash (Lalor et al.,
1975). The crude protein concentration of the gin trash used in the diets was 12.4%.
This value is higher than the crude protein reported by Brown et al. (1979) of 5.6% and
that of Whiting and Schuh (1988) at 8.7%. However, it is lower than values of Hill et al.

(2000a) and Hill et al. (2000b) of 13.6% and 15.1%, respectively. Crude protein
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concentrations are attributed to the amount of immature seed remaining in the gin trash
and the weather conditions that existed during growth and harvest of the cotton plant
(Lalor et al., 1975). The moderately high crude protein of the gin trash used in this study
leads us to infer that either the weather conditions were favorable during the growing
season or that a substantial amount of immature seed was present in the gin trash.

The gin trash had an ADF content of 60.8%, which is higher than the value
reported by Waller (2006) of 46%. However, it is similar to values reported by Brown et
al. (1979) and Hill et al. (2000b) of 55.1% and 63.5%, respectively.

The composition of the peanut hulls used in the study is given in Table 1. Preston
(2006) gives the composition of peanut hulls as DM: 91%, CP: 7%, NDF: 74%, ADF:
65%, and Ash: 5%. Utley and McCormick (1972) reported values of DM: 90%, CP:
8.4%, ADF: 68.3%, and Ash: 3.6%. The peanut hulls used in these studies had a crude
protein concentration of only 5.4%. However, the crude protein concentration of the
diets formulated with the peanut hulls suggests that the peanut hull crude protein
concentration should be around 8%. Random samples of the peanut hulls were taken
from the pile used to formulate the diets. Then, these samples were pooled to form a
composite sample that was analyzed four times for crude protein concentration using the
Kjeldahl method as outlined by the AOAC (1995). Crude protein values of 2.31%,
5.44%, 5.41%, and 5.28% were obtained with this method. Thus, the discrepancy is
attributed to an unrepresentative sample as opposed to an error with analysis. The NDF
and ADF values are slightly higher than values that were previously reported; however,

they are consistent with the NDF and ADF composition of the diets used in the study.
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The high fiber values correspond with the low crude protein composition of the peanut
hulls and may also be attributed to an unrepresentative sample.

Production Trial

In the production trial, there was a significant increase in feed intake by steers
consuming gin trash diets compared with those consuming peanut hull diets (P < 0.05;
Table 4). The intake of peanut hulls may be lower because they are bulky and have a low
digestibility; therefore, they take up more space in the rumen and have a slower rate of
passage. This is supported by Blaxter et al. (1961) and Conrad et al. (1964) who found
that dry matter intake increases as digestibility and, therefore, rate of passage, increases.
Also, Campling and Balch (1961) reported that the amount of dry matter in the rumen
affects voluntary intake. This fill effect causes the animal to consume less dry matter,
leading to a decreased feed intake. Therefore, the more digestible a feedstuff, the faster it
disappears from the rumen, and the more feed can be consumed.

Steers consuming diets consisting of peanut hulls with cottonseed meal had a
greater feed intake than those consuming diets of only peanut hulls (P < 0.05; Table 4).
Previous studies have shown an increase in digestibility of low-quality forages when a
protein supplement is provided (Kartchner, 1980; Guthrie and Wagner, 1988; DelCurto et
al. 1990b). This increased digestibility leads to a faster rate of passage, which leads to an
increase in dry matter intake (Blaxter et al., 1961; Campling and Balch, 1961; Kartchner,
1980; Guthrie and Wagner, 1988). However, in this study, the digestibility of peanut hull
diets with and without cottonseed meal was similar; therefore the increase in feed intake

cannot be attributed to an increase in digestibility. The diets containing peanut hulls with
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cottonseed meal may result in a faster rate of passage than peanut hull diets without
cottonseed meal, which may have led to a greater feed intake.

All steers in this trial consumed in excess of 3% of their body weight per day.
Typically, growing steers will not consume more than 3% of their body weight each day
(NRC, 2000). The high dry matter intake observed in this trial is consistent with previous
studies conducted using by-product feeds in growing steers in which dry matter intake
exceeded 3% of body weight (Rankins and Gamble, 2000). Also, some of the dry matter
intake may be attributed to feed that was not consumed, but was lost on the ground or
otherwise unaccounted for in data collection.

A roughage source x protein supplement interaction did not occur with ADG.
Steers fed diets containing gin trash gained 21% faster than those fed diets containing
peanut hulls (P < 0.01; Table 3). This increase in gain may be attributed to the higher dry
matter intake of the diets containing gin trash than those containing peanut hulls (Table
4). The ADG of diets containing gin trash was 1.19 kg/d (Table 3). This data is similar
to the unpublished data reported by Rogers et al. (2002) that showed cows fed gin trash
and cottonseed gained 1.1 kg/d. It is also similar to ADG reported by Erwin and
Roubicek (1958) of 0.9 to 1.05 kg/d for diets composed of milo + gin trash and silage +
milo + gin trash. However, Sagebiel and Cisse (1984) reported that diets containing
sorghum silage + gin trash and gin trash + molasses resulted in weight loss. Hill et al.
(2000a) also reported weight loss on diets consisting of gin trash alone and gains of only
0.018 kg/d for diets containing gin trash + corn.

Steers consuming diets containing peanut hulls had an ADG of 0.94 kg/d (Table
3). This is less than gains of 1.13 kg/d reported by Rankins and Gamble (2000) with a
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similar diet consisting of 55% corn and 45% peanut hulls. Utley et al. (1973) reported
gains of 1.17 kg/d on a diet consisting of 70% corn + 10% crude protein supplement +
20% peanut hulls. Utley and McCormick (1972) reported ADG of 1.44 kg/d, 1.49 kg/d,
and 1.48 kg/d for diets containing 10%, 20%, and 30% peanut hulls in addition to corn
and hay.

Diets containing cottonseed meal produced ADG that were 13% faster than ADG
from diets without cottonseed meal (P < 0.02; Table 3). This is supported by previous
research that reported improved gains when a protein supplement was included in the diet
(Foster et al., 1945; Speth et al., 1962; Clanton and Zimmerman, 1970; DelCurto et al.,
1990a). In this trial, the cottonseed meal increased rate of gain by stimulating dry matter
intake for both peanut hull and gin trash diets. In the diet containing peanut hulls with
cottonseed meal, the 284-kg steers (anticipated mature weight = 544 kg) gaining 1.05
kg/d, should have consumed 8 kg of dry matter at 10.34% crude protein, giving a total of
830 g of crude protein (NRC, 2000). The steers in the trial actually consumed 10.7 kg
dry matter (3.76% of BW) at 12.3% crude protein with a total of 1,320 g of crude protein.
At this concentration of crude protein, the steers should have gained over 1.36 kg/d
(NRC, 2000). Likewise, the 300-kg steers (anticipated mature weight = 544 kg) gaining
1.23 kg/d, fed diets containing gin trash with cottonseed meal required 8.22 kg of dry
matter at 12.1% crude protein with a total of 995 g of crude protein being consumed
(NRC, 2000). The steers actually consumed 12.5 kg (4.2% of BW) at 13.6% crude
protein; therefore the steers, should have gained over 1.36 kg/d. Diets without cottonseed
meal were not deficient in protein and steers on diets with cottonseed meal did not gain as

expected; therefore, it was determined that energy was a limiting factor in terms of gains,
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and the addition of cottonseed meal only improved ADG by stimulating dry matter
intake. This is consistent with studies that have found that a protein supplement increases
consumption and leads to faster gains (Kartchner, 1980; Guthrie and Wagner, 1988).

Digestibility Study

In the digestibility study, there were no significant differences among feed intake
of the diets (P > 0.15; Table 6). Steers in the digestibility study consumed less dry matter
per day than steers in the production trial (Table 4 and Table 6). These differences may
be attributed to the different feeding methods used in the two trials. In the production
trial the diets were offered with ad libitum access, while in the digestibility study diets
were limited to the approximate amount each individual animal would consume to reduce
the amount of orts produced. Also, many of the steers on Diets 3 and 4 consumed all of
the feed allotted to them each day and may have consumed more if it had been offered.
Another factor contributing to the reduced intake in the digestibility study may be stress,
induced by changing environments and being housed in metabolism stalls.

The addition of cottonseed meal significantly improved the crude protein
digestibility of the peanut hulls over peanut hull diets without cottonseed meal (P < 0.05;
Table 8). As previously stated, using a protein supplement, such as cottonseed meal,
increases the digestibility of low-quality forages (Kartchner, 1980; Guthrie and Wagner,
1988; DelCurto et al., 1990b). Cottonseed meal did not significantly improve crude
protein digestibility of diets containing gin trash (P > 0.05; Table 8). The cottonseed
meal may not have improved crude protein digestibility of the gin trash because the gin
trash supplied an adequate amount of crude protein to meet the steer’s needs without the
addition of cottonseed meal. According to the NRC (2000), growing steers weighing
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around 300 kg (anticipated mature weight = 544 kg) and gaining 1.23 kg/d would require
995 g of crude protein/day. The steers fed diets containing gin trash with cottonseed
meal consumed an average of 1,700 g of crude protein/day, while steers fed diets
containing gin trash without cottonseed meal consumed 1,414 g of crude protein/day.
This suggests that the amount of crude protein fed was sufficient without the addition of
cottonseed meal; therefore, cottonseed meal did not improve crude protein digestibility.

The data shows a significant increase in the dry matter digestibility and the
organic matter digestibility of the diet composed of gin trash without cottonseed meal
than the other three diets (P < 0.07 and P < 0.05, respectively; Table 8). This is contrary
to what would be expected of gin trash because the high ash content should decrease
digestibility.

Fiber digestibility (NDF and ADF) was not significantly different among diets
containing gin trash or peanut hulls (P > 0.65; Table 7), nor was there a difference among
diets with or without cottonseed meal (P > 0.65; Table 7). NDF and ADF digestibility of
diets containing gin trash were 55.7% and 52%, respectively. These numbers are greater
than those reported by Hill et al. (2000b) of 13.7% and 11.8%, respectively, when a
similar diet of 43% gin trash and 57% corn was used. Hill et al. (2000b) attributed their
low fiber digestibilities to a reduction in fiber digestibility caused by the large amount of
corn in the diet. This is supported by Chase and Hibberd (1987) who stated that fiber
digestibility decreases when corn is fed at more than 1 kg/d. No significant reductions in
fiber digestibility were observed in our study as a result of the presence of corn in the

diet.
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According to the results obtained in this study, using gin trash in diets for stocker
cattle resulted in faster ADG than using peanut hulls. Also, the addition of a protein
supplement to the gin trash diet did not significantly increase gains. However, cottonseed
meal did increase gains in diets containing peanut hulls and may be more effective in gin

trash diets that have a lower crude protein concentration.
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