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Abstract

The whole cotton seed and cotton seed meal have great value in animal production. However, such
a valuable cotton seed products are not very much used in Nepal. Though agronomic work of
cotton was started from very beginning with establishment of cotton development board in
Nepalganj but the board have lack of multidisciplinary approaches. The valuable cotton seed
products have been used elsewhere outside the country. In this connection review of literature, on
whole cotton seed, cotton seed meal, and other related products, available in different libraries,
institution and electronic media were accomplished to explore its importance in ruminant animal
production.
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Introduction

Cotton (Gossypium hirsutum) ranks next to corn and wheat in value in most of the western countries
(Morrison, 1956), but its value in Nepal is localized in western side especially Dang, Banke, Bardia,
Surkhet, Kailali and Kanchanpur. In Nepal, farmers produced cotton is collected by government owned
cotton mill and separated cotton fibers, lint and cottonseed. Form one tone of cotton 2/3™ portion is
cotton fiber, and 1/3" portion is cottonseed and lint mixed. Every year about 600 tons of cottonseed
(Figure 1.) is produced in Nepal (CBS, 2001). The cottonseed is purchased by local buyers and sold to
India, there is limited use of cotton seed in Nepal.

Cotton is grown primarily for the fiber, but cottonseed meal and cake secured in the production of oil
from cottonseed are among the most important feeds for livestock. From one ton of cottonseed can
produce cottonseed meal (CSM) or cake 954 Ibs, crude oil 303 Ibs, hulls 514 Ibs and lints or short fiber
110 Ibs, and remaining 119 Ibs are dirt and loss in manufacturing process (Morrison, 1984). The
importance of whole cotton seed (WCS), cotton seed meal, and their by products for ruminant
production is reviewed in this paper.

Linted or lintfree cottonseed

In the process of cotton seperation 1/3™ portion is lint and 2" prtion is lintfree whole cottonseed (WCS).
Now a day lintfree WCS is available, Pima, a variety of long staple cotton that yields seeds that are
naturally lint free. The Pima, seed is slightly higher in protein and lipids than that of linted cotton
varieties (Sullivan et.al., 1993). Coppock et.al. (1985) postulated that the absence of lint changes the
stratification of cottonseed within the rumen resulting in less extensive rumination.

Zinn, (1995) assessed the characteristics of ruminal and total tract digestion of Pima cottonseed
compared with a conventional linted variety (Delta Pine 61, DP) in growing finishing diet for feedlot
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cattle and found that energy value of lint free Pima cottonseed was similar to that of linted varieties
provided that it was ground before feeding. However, it was anticipated that grinding will increase
ruminal nitrogen degradability by 20 percent. Furthermore, Zinn (1995) indicated that depending up on
the level of incorporation in the diet, ground Pima cottonseed may decrease ruminal microbial growth
and net ruminal protein efficiency. In this assessment, the Pima cottonseed was also found higher in
crude protein (CP) (10%), lipid (9.5) and ash (41.1%) and lower in acid detergent fibre (ADF) (%.3%)
than linted (DP). Coppock and Wilks (2000) reviewed the feeding value of linted WCS, whole pima
seed (WPS), and cracked pima seed (CPS) for lactating dairy cows and found a small advantage of the
WPS over WCS for CP (22.4 vs. 19.3%) and fat (21 vs. 17.5 %). They also postulated that feed intakes
and milk yields were similar with a small advantage for CPS over WCS for 3.5 percent fat corrected
milk (FCM) (33.04 vs. 31.39 kg/d). The Pima seed has been passes slightly fast from gastrointestinal
tract than that of WCS. Therefore, Pima seed has been found to have similar feeding value to that of
WCS, especially if it is cracked.
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Figure 1. Cotton production, area, and productivity from 2092/93 to 1999/2000 in Nepal.

Manufacturing processes

At the oil mills, after cleaning and removal of the short lint covering of the cotton seed the leathery hulls
of the seed are cut by machines, and the kernels can drop out. The kernels are separated more or less
completely from the hulls by shakers and beaten, containing metal screens. After the kernels are
crushed, and extracted the oil using by one of the oil milling methods, the remaining is cottonseed meal
or cake. The most common method of extraction of oil from cottonseed is expeller method in Nepal, but
solvent extraction method is also used.

Chemical composition and nutritive value

The chemical composition of cotton seed meal and other cotton products reported by Church (1991) are
given in table 1. According to the table 1, there are differences in the nutrient contents between the types
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of cotton seed products and also between methods used to extract the oil from the whole cotton seed.
For example crude protein (CP) contents of cotton seed hulls, whole cotton seeds and cotton seed meals
mechanically extracted and soluvent extracted have 4.1, 23.9, 44.3 and 45.2 percent respectively.

Table 1. Chemical composition of cottonseed meal & other cotton products (on dry matter basis)

Percent on dry matter basis
Description DM % | CP CF | NDF | ADF | Ca P ME | TDN
Cottonseed hulls 91 4.1 48 90 64 0.15 |0.09 | 152 |42
Cottonseeds 92 239 |21 39 29 0.16 |0.75|3.47 |96
Cottonseed meal
Mech. extd. 41% CP | 93 443 |13 28 20 021 |1.16|282 |78
Solvent Extd. 41%CP | 91 45.2 13 26 19 0.18 | 121|275 |76

Source: NRC 1988 in Church, 1991.

Effect of CSM on body weight gain

In a study done by Worrell, et.al. (1990) on CSM and rye grass based grazing system, when 96
crossbred yearling steers were given diets with or without CSM 0.45 kg/day + lasalocid 150 mg/day. In
the study it was found that CSM increased (p<0.05) average daily gain (ADG) early in the grazing
season but not later. Addition of lasalocid increased (P<0.05) ADG during the spring grazing period and
for the entire grazing season feed containing rapidly degraded nitrogen through the grazing season and
that supplementing steers with CSM containing lasalcid improved seasonal weight gains. In an another
study conducted by Brosh, et.al. (1990) on isoenergetic (ME 11.4 MJ/kg DM) diet containing wheat
silage 480 g/kg not supplemented or supplemented with nonprotein nitrogen, fish meal, soybean oil
meal and cotton seed oil meal were given to male calves about 145 days old (digestibility trial) and male
calves about 5.5 months old (feeding trial). In this study it was found that the apparent digestibility on
organic matter were 0.709, 0.708, 0.704, 0.68 & 0.667 kg/kg DM and daily nitrogen retention were 0.20,
0.65, 0.65, 0.64 & 0.68 g/kg0.75 for the unsupplemented and non-protein nitrogen, fishmeal, cottonseed
oil meal, and soybean oil meal supplemental diets, respectively. Unsupplemented cattle gained
significantly less than those of the supplemented cattle.

Effect of CSM on voluntary intake, digestibility and protein degradability

Capper, et.al (1989) studied on voluntary intake and digestibility trials using Awassi sheep given straw
from 7 barley varieties with supplemented with barley grain and CSM. From the study it was found that
straw supplemented with CSM improved straw organic matter intake but there was no significant
difference on organic matter digestibility between supplemented and unsupplemented diets. In another
study daily feed dry matter intake (DMI) was not affected by the addition of WCS from 0 percent to 20
percent of the diets for lactating cows (Coppock et.al. 11985; Depeters et.al 1985; Horner et.al. 1986).
However, when WCS increased to 20 percent of the diets the DMI decreased significantly (Coppock
et.a., 1985). The protein degradability of CSM was found 57 percent at a rumen outflow rate of 0.05 per
hour (RAO, et.al. 1989).

CSM as a source of nitrogen for ruminal micro-organisms

Cottonseed oil meal can also be used as nitrogen source for ruminal organisms, in a study CSM had no
significant effect on concentration of ammonia in rumen fluid which on average of 3.5 mg per 100 ml of
fluid, but when 2.5 and 5 percent of urea was added to the molasses, rumen ammonia increased to 7.6
and 22.3 mg per 100 ml respectively (Sambrook and Rome, 1980).
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Milk yield and composition

According to Tashev &Todorov, (1981) when CSM was incorporated in dairy animal diet, there were no
differences in intake of feed units per kg milk corrected for weight gain during the 90 days in milk
protein, sugars and minerals among groups. However, butter fat was significantly greater in milk of
cows given cottonseed meal especially 40 to 50 days after calving. Also the study indicate that feeding
WCS depressed the protein percentage of milk. Coppock and Wilks (1991) summarized four causes,
which have been proposed for the lowered casein, which occurs when supplemental fats are fed. The
most possible suggestion is a reduced microbial protein production (Dunkley et.al., 1977), because two
studies with ruminally protected methionine and lysine showed milk casein restored when supplemental
fats fed. An economic alternative to ruminally protected amino acids is to increase undegradable intake
protein (Palmquist, 1987). In a study conducted by Belibasakis and Tsirgogianni (1995) with Friseian
cows fed WCS and soybean meal concentrate in maize silage straw based diet it was reported that the
milk protein content and yield, as well as content of lactose, total solids and solid not fat were not
significantly affected by the diet. They further reported that WCS supplementation increased actual
milk yield, fat-corrected milk yield, milk fat content, and milk fat yield. No significant differences were
observed in blood plasma concentration of glucose, total protein, urea, sodium, potassium, calcium,
phosphorous, and magnesium. Increase in concentration of plasma triglycerides, cholesterol, and
phospholipids were observed in the same study.

In a study conducted at Livestock Research Complex Khumaltar, Lalitpur, Nepal on response of
lactating cross-bred cows to feeding CSM on milk yield for a period of 39 days by replacing 25 percent
concentrate mixture by CSM, it was found that there was no significant effect on total milk yield
(Panday, et.al. 1996).

Beneficial result on milk yield during early lactation was observed with increasing dietary CP levels
from 13.8 to 17.5 percent and undegraded intake protein by the addition of WCS in 24 multiparous
Holstein cows. Increasing dietary CP above 17.5 showed little benefit in milk yield and also increased
blood urea nitrogen, plasma amino acids, and milk non protein nitrogen (Grings, et.al., 1991).

CSM on wool production

In a study conducted at School of Agriculture Revenina-Murrey Institute of Higher Education Australia
on supplementation of weaned merino lambs grazing ryegrass subterranean clover pastures with 37.5
g/day of a pellet containing CSM plus hydroxymethyl-methionine plus vitamins and minerals for 3
months it was found that there were increases in wool growth (+7%) and live weight gain (+38%)
compared with wethers fed control (Vitamins plus minerals) pellets. The synthesis of milk fatty acids C6
- C12 was depressed as WCS increased in the diet, the yields of stearic and total oleic acids doubled on
a 25 percent WCS diet compared to the basal diet (Smith et.al. 1981).

Mycotoxin Contamination

Infestation of mycotoxins quite common in feedstuffs affected with under field condition fungi, or
during storage if conditions are favourable for their growth (Lynch, 1972). Dollear et.al (1968) showed
that ammonia reduced aflatoxins in peanut meal and in CSM (Gradner et.al., 1971). Amoniation also
reduced aflatoxin in WCS (McKinney et.al. 1973) and feeding value of this WCS fed at 15 percent of
the diet showed similar result for milk yield and composition (Lough, 1981). It is recommended that
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storing at less than 10 percent moisture, force air through the seed, shelter from rain and store on
concrete with a slope help minimise increase in aflatoxin during storage of CWS.

Cyclopropene fatty acids

Palvaclic and steric acids are two cyclopropene fatty acids (CPFA) which occur at about 1 percent of the
oil in cottonseed (Phelps et al., 1965). Cook et al. (1976) showed that when these acids were protected
from ruminal hydrogenation in lactating cows, their inhibition of desaturase enzymes increase the
portion of stearic acid at the expense of oleic acid. If these acids were unprotected in the rumen, their
effect on stearic acid was much less. More recently, Hawkins and others (1985) showed that in cows
fed diets of 18.5% WCS, milk fat contained 59.6 a&g/g of CPFA and adipose tissue lipids, 148.5 &g/qg.
Both milk fat and adipose tissue lipid had more stearic and less oleic acid than in cows not fed WCS.
Therefore, significant amounts of CPFA apparently escape ruminal hydrogenation under feeding
conditions commonly used. However, the long-term nutritional significance of these acids to the cow or
to humans who drink that milk is not known and this is the area for further study.

Gossypol toxicity and reduction of toxic effect

Cotton seed meal (CSM) or meal contain gossypol (C3gH300g) which is toxic to farm animal.
Gossypol is produced in the pigment glands of the roots, leaves, stems, and seeds of the cotton plant
genus Gossypium (Berards and Goldblatt, 1969). Species and varieties of cotton plants differed in
concentration of gossypol present in the seed. Pondey and Thejappa, (1975) reported a mean gossypol
content of the seed was positively correlated with rainfall and negatively correlated with temperature.
Further more the concentration of gossypol present in cotton seed cake is influenced by method of oil
extraction. High temperature and pressure favor the formation of stable bonds between gossypol and
other molecules. This “bond gossypol’ is inactive for toxicity. Screw pressed method of oil extraction is
better then other solvent extraction method for inactivation of gossypol (Jones, 1981). Gossypol is toxic
factor indigenous to the cotton plant genus gossypium. Concentration of free gossypol contained in
feedstuffs such as whole cottonseed and cottonseed meals vary considerably. Nonruminants and
preruminants are more sensitive to gossypol toxicosis, but ruminant animals are some what resistant to
toxicity.

During the early 1900s, ruminants also were considered to be susceptible to the toxic effects of gossypol
as “cottonseed meal injury”. In the 1930s, however, such symptoms were shown to result from vitamin
A deficiency rather then from gossypol. Reiser and Fu, (1962) reported that the ability of ruminants to
detoxify free gossypol was caused by binding of soluble proteins with in the rumen to free gossypol.
This protein-bound gossypol was found to be physiologically inactive. Mature dairy cattle fed excessive
amounts of cotton seed meal (6.6 and 42.7 mg of free gossypol/kg body weight/day) plasma
concentrations of gossypol were elevated (1.7 & 1.8 vs. 0 ug/ml) compared with control cows fed
soybean meal (Lindsey, et.al., 1980). Concentration of free gossypol in livers was also higher in cows
fed cottonseed meal diet than in control cows. Death of one cow fed cottonseed meal diet was attributed
to gossypol toxicity. Smalley & Bichnell (1982) reported a case study of gossypol toxicosis in mature
dairy cattle fed relatively high amounts of ammoniated whole cottonseed (2.7 to 4.5 kg/cow/day).
Postmortem examination revealed that oedema of the lungs and abomasum, presence of straw-colored
fluid in the thoracic and peritoneal cavities, liver with nutmeg appearance, and degenerating,
hypertrophy muscle fibers in the heart. Mature ruminants indicate that ingestion of free gossypol at high
levels may overwhelm ruminal detoxification and hence result in the absorption of quantities of free
gossypol that may potentially toxic. This is further supported by findings of erythrocyte fragility in
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feeder lambs (Calhoun, et.al., 1990) and heifers (Gray, et.al., 1990) fed moderate amounts of cottonseed
products containing free gossypol. Gossypol toxicity is also a potential problem when cotton products
are fed to young calves with functionally undeveloped rumens (Leighten et.al., 1953; Holberg et.al.,
1988; Hudson et.al., 1988; Kerr, 1989).

The possible reduction of gossypol toxicity can be achieved by using iron salts. Iron salts bind gossypol
in the gastrointestinal tract of swine and poultry fed CSM (Smith and Clawson, 1965), but this is not
confirmed in ruminant animals. A preliminary report showed that when calves fed 50 percent WCS and
500 ppm of added Fe as FeSOUH20 all calves grew well up to 16 weeks of age (Hawkins,et.al. 1985;
Barraza et.al. 1991). Whole cottonseed contain 1.17 percent gossypol in the kernel, which is toxictoxic
level to the calf. Pelleting of feed by using heat also bound gossypol and reduces the toxic effects
(Coppock and Wilks, 2000). Nagalakshmi, et al. (2003) compared raw, cooked, Ca(OH), treated, and
iron treated cotton seed meal in fattening lambs and found cooked cotton seed meal fed group proved to
be the best in terms of body weight gain and iron treated group suffered from toxicity and reduced
growth rate.

Reproductive problems of gossypol toxicity

Reproduction is impaired in male and female when cottonseed products are fed to nonruminant animals.
But, ruminant females are relatively insensitive to dietary gossypol, but males show marked testicular
damage (Randel et.al. 1992). If raw cottonseed oil is used in human diets gossypol causes amenorrhea
and impotent in male. In a study reported by Liu & Segal, (1985) in the rural area of China these
problems were occurred when crude cottonseed oil was used for cooking and resulted “burning fever”
and fertility problems in young couples.

Although gossypol problems are reported by various researchers, but in normal supplementary feeding,
it is not a big problem. This is supported by research results as health and semen quality of adult bucks
was unaffected by giving 20 percent cottonseed meal for 150 days (. Similarly carcass characteristics
(carcass weight, dressing percentage, fat, bone) of goats fed poultry droppings and cottonseed meal diets
were comparable to other protein and energy sources of concentrate ration. (Rao, et.al., 1995).

Conclusion

Cottonseed cake or meal is a by-product obtainable during the process of extracting oil from cottonseed.
Chemical composition and nutritive value of cottonseed meal is very good and one of the
supplementary source of protein for livestock, especially for ruminants. Production performances of
ruminants animals in terms of body weight gain, milk production & fat content of the milk, wool
production from sheep, are not affected but also improved by supplementing WCS and CSM on
ruminant animals diets. Sexual reproduction as semen production and fertility of female animals are not
influenced, if fed normal amount of cottonseed meal to the ruminant animals.

Only limiting factor of cottonseed as a feed in farm animals is gossypol, a toxic factor, which causes
‘cottonseed injuries’. Calves having undeveloped rumen and nonruminants are more sensitive to
gossypol toxicity than adult ruminant animals. These toxic problems exist if fed raw cottonseed.
Detoxification tools are now available to reduce toxicity. One of the easy methods is the expeller
extraction of oil, due to heat and pressure the gossypol is inactivated. Another method is supplementing
ferous sulphate which is easily available and inhibit the gossypol toxicity to the animals. The other
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method which binds the gossypol is pelleting process, that heat pelleted gossypol bound and excreted
from gastrointestinal tract.

In western Nepal, especially Dang, Banke, Bardia, Surkhet, Kailali and Kanchanpur, are potential area
for cotton production. Research on utilization of cottonseed meal on farm animal's ration in Nepal is
very limited. Fat percentage is the main pricing policy in Nepal, adding of fat or WCS increases fat
percentage in the milk, so, there is a beneficial uses of WCS and CSM if these ingredients are
incorporated in the diet of farm animal. Some of the information available from this review paper
suggest that farm animals in particular cattle and buffaloes should have some proportions of the WCS or
WCM in their diets. Further research in this area is also suggested.
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