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ABSTRACT 

Two lactation studies with accompanying digestion 

trials were conducted to compare the feeding value of Pima 

cottonseed, with differing degrees of processing, to short 

staple cottonseed for lactating dairy cows. Additional tests 

were conducted to examine physical and chemical 

characteristics of both Pima and short staple cottonseed and 

the effect of processing on storage characteristics of 

cottonseeds. 

Pima cottonseed is higher in CP and ether extract and 

lower in NDF and ADF than short staple seed. Pima seed has a 

greater bulk density, a greater proportion of the (-)-gossypol 

isomer and a lower proportion of the (+)-gossypol compared to 

short staple cottonseed. 

In the first lactation study, milk yield was similar 

across all treatments. Milk fat was higher (P<. 05) for finely 

cracked Pima (x 3.0 nun) and whole Pima diets. Feed efficiency 

was greatest (P<.05) for the cracked Pima diet. Percentage 

whole seed passing into the feces of that consumed, was 11% 

for the whole Pima and 5.2% for the short staple. Total tract 

digestibili ty of ADF decreased and that of ether extract 
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increased in cows fed cracked Pima compared to whole Pima or 

short staple. 

In the second lactation study, milk yield was higher 

(P<.05) for cows fed ground Pima (x 2.5 mm), than either whole 

Pima or coarsely cracked Pima (x 3.5 mm), with short staple 

intermediate. Feed efficiency (SCM/DMI) was greater for cows 

fed ground Pima and short staple diets (1.14) than for those 

fed cracked Pima or whole Pima. stearic acid was lower, and 

linoleic and linolenic acids were higher in milk of cows fed 

ground Pima compared to short staple. Passage of whole seed 

was two-times greater for cows fed whole Pima compared to 

whole short staple (12.3% vs. 6.2%), aRd processing of Pima 

seed eliminated whole seeds passing in the feces. Ether 

extract digestibility was lower for the whole Pima compared to 

the other treatments. 

storage of whole, cracked or ground seeds at 32°C and 

30% relative humidity for up to 30 d did not cause rancidity 

or aflatoxin contamination. storage of processed seeds in 

covered containers for nine months caused only slight 

increases in free fatty acid content, and no change in the 

whole seeds. 
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CHAPTER 1 

INTRODUCTION 

Whole cottonseed has been widely used as a feedstuff 

for dairy cattle, especially in areas where cotton is grown. 

It is a unique feedstuff high in energy, because of its oil 

content, high in fiber, because of cellulose in the seed coat 

and lint, and moderately high in protein. 

American Pima cotton (Gossypium barbadense~) acreage 

has increased dramatically in Arizona, New Mexico, and Texas, 

with Arizona accounting for over 65% of all Pima cotton grown. 

Acreage in Arizona increased from 29,000 in 1983 to 245,000 in 

1990. The total national acreage was nearly 361,000 in 1990. 

From this acreage, 153,000 tons of seed (90,000 from Arizona 

alone) were produced. The traditional market for these seeds 

has been for oil production, a high protein meal, and other 

byproducts. If all Pima seed was marketed as oil and 

cottonseed meal, the value would be $27.5 million and $16.2 

million annually for the U.S. and Arizona, respectively. 

Cottonseed oil sales, both domestically and abroad, 

however, are facing major competition from oils produced in 

tropical areas such as palm, and coconut oils. Cottonseed oil 

exports are at an all-time low and a majority of the seed used 
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for cottonseed oil has been Pima seed. As cottonseed oil use 

declines, other uses for the Pima seed need to be explored to 

keep up with the increased production. Inclusion of Pima 

cottonseed in dairy cattle rations is one possible market. 

Short staple cottonseed (Gossypium hirsutum h) has 

been used extensively in dairy diets, comprising 5-15% of the 

total ration for lactating cows, in cotton growing areas. 

Hence, than one-third of the short staple cottonseed produced 

in the u.S. is sold to dairies. Because the Pima seed is a 

naturally delinted seed, dairy producers have been reluctant 

to feed Pima cottonseed because they felt more seed would pass 

into the feces without being digested.~A possible solution 

would be to mechanically process the Pima cottonseed, through 

cracking or grinding to increase digestion and release of 

nutrients from the Pima seed. 

The obj ecti ves of this study were: 1) compare the 

feeding value of processed and unprocessed Pima cottonseed 

with short staple cottonseed for lactational performance in 

high-producing dairy cows; 2) evaluate the physical and 

chemical differences of the cottonseeds; and 3) evaluate the 

effect of processing on storage characteristics of Pima 

cottonseed. 
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CHAPTER 2 

LITERATURE REVIEW 

Feeding Value of Cottonseed 

Whole cottonseed (WCS) is widely used in rations for 

lactating diary cows and has a unique combination of high 

energy (2.23 Mcal/kg; NRC 1989) and high fiber (44% NDF and 

34% ADF; NRC 1989) with a moderate level of protein (23%; NRC 

1989). The percentage of WCS fed to cattle, of that produced 

in the u.s. increased from 17% to 35% from 1980 to 1990 (Jones 

et al., 1991). 

Milk yield response to feeding WCS has been variable. 

Anderson et al. (1979) showed increased milk yields in cows 

fed WCS compared to controls. In a summary of 18 trials 

(Coppock et al., 1987), milk yield responses were small, but 

usually positive. Conversely, Lubis et al. (1990) found 15% 

WCS in both low and high forage diets decreased milk yields 

compared to a control diet of corn and SBM. Dry matter intake 

was not reduced, even when WCS comprised 25% of the diet DM 

(Coppock et al., 1987). 

One of the most consistent effects of feeding WCS is 

increased milk fat percent (DePeters et al., 1985; Dunkleyet 

al., 1977; smith et al., 1981). These increases were 



generally .2 to .4 percentage units over controls. 
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Due to 

increased fat percent and little consistent change in milk 

yield, increases in FCM have usually been reported (Anderson 

et al., 1979). smith et ale (1981) demonstrated increases in 

FCM with WCS feeding, even though no increases in actual milk 

yields were shown. 

Another consistent effect of feeding WCS has been a 

decreased milk protein percent (Anderson et al., 1979; 

DePeters et al., 1985; smith et al., 1981). The casein 

fraction of milk protein is most depressed (Dunkley et al., 

1977). Other fat supplements have also decreased milk protein 

percent (MacLeod et al., 1977; Palmqui~ et al., 1981). The 

exact mechanism for this depression has not been determined. 

One possible mechanism is decreased microbial protein 

synthesis (Dunkley et al., 1977). Other hypotheses include an 

impairment in uptake of amino acids by the mammary gland 

because of increased insulin (Palmquist and Moser, 1981) and 

decreased growth hormone (Casper and Schingoethe, 1989). 

Because of changes in milk pricing systems to increased 

value for protein, maintaining milk protein concentration will 

be increasingly important. Niacin supplementation may 

partially overcome the depression of milk protein associated 

with high dietary fat (Horner et al., 1986), however, another 

study (Lanham et al., 1988) showed that niacin supplementation 

did not affect milk casein synthesis. 
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Decreases in short-chain fatty acids (C6:0 to CI2:O) and 

increases in C18:0 and C18:1 have been shown with feeding WCS, 

compared to diets without WCS (Smith et al., 1981). These 

authors showed two-fold increases in C18:0 and C18:1 and four

fold increases in trans C18:1 when feeding diets containing 25% 

WCS. Bath et al. (1980) suggested that much of the oil of WCS 

escapes microbial digestion because of encapsulation by the 

seed coat 

Feeding another oilseed, canola, either in ground or 

whole form, caused an increase in C18:0 and C18:1 and a decrease 

in C6:0 to C16:0 fatty acid content of milk fat. However, the 

magnitude of change was greatest when the ground seeds were 

fed (Kennelly, 1989). 

Effects of added fat on nutrient digestion have been 

controversial. Some studies have shown decreased fiber 

digestibility when supplemental fat was fed (Czerkawski et 

al., 1966; Kronfeld et al., 1980), while others have shown no 

effect (Palmquist and Jenkins, 1980). The inclusion of up to 

25% WCS had no effect on the digestibility of DM, CP or ADF 

(Coppock et al., 1987), however, ether extract digestibility 

was increased. 
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Feeding Value of Delinted cottonseed 

Although much research has been done evaluating the 

feeding value of short staple WCS (linted), little data exists 

on the feeding value of delinted WCS. Delinted WCS refers to 

acid-delinted (H2S04) short staple seed or Pima seed, which is 

naturally without lint. 

Kiesling and Miller (1985) found no differences in milk 

yield, milk fat or feed efficiency in cows fed diets 

containing either short staple WCS or Pima WCS at 15% of the 

diet DM. However, the number of cows per treatment was small 

(four). Conversely, another study (Kutches et al., 1987), 

showed an increase in both milk and "FCM yield when whole 

delinted short staple WCS was fed compared to the linted WCS. 

However, in this study, the WCS comprised only 5% of the total 

ration. 

Dairy producers have been reluctant to use the Pima or 

delinted WCS because it was thought to be less digestible with 

greater passage into the feces resulting in poor utilization. 

Studies by Osland and Wagner (1985) showed that removal of 

lint from linted WCS did not significantly change the 

percentage of whole seeds consumed, that passed through the 

cow undigested; although there was a trend for more delinted 

seed to be found in the feces. Conversely, Alfonso et al. 

(1986) showed 20% more delinted WCS passed through cows 

undigested compared to linted WCS. 
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The increased passage of delinted WCS is probably due 

to its escape from rumination. Coppock et ale (1985) fed cows 

linted WCS, acid-delinted WCS or rolled acid-delinted 

cottonseed and found only 0.4% whole seeds in the feces of 

cows fed the linted WCS (as a percent consumed) compared to 

11. 3% whole seeds in the feces of the cows fed the acid

delinted WCS. The authors speculated the linted WCS 

stratified in rumen contents, were regurgitated with the 

forage and chewed during rumination. Conversely, they assumed 

that a portion of the acid-delinted WCS did not stratify in 

the rumen, and escaped rumination. In addition, they found 

increased total tract digestibilities o~ crude protein (64.4% 

vs. 58.9%) and ether extract (90.9% vs. 85.3%) in cows fed 

rolled acid-delinted seed vs. acid-delinted WCS. The lower 

digestibilities for the acid-delinted WCS reflects the 

increased loss of these nutrients as intact seeds excreted in 

the feces. 

Effect of Processing Cottonseed 

Nearly all grains fed to dairy cows are processed 

(Williamson, 1973). Grinding and cracking are widely used 

methods for processing feed grains. Grinding whole shell corn 

for dairy cows decreases the amount of grain passing 

undigested in the feces, which might be as high as 18 to 35% 

(Morrison, 1951). Reducing the particle size of a sphere by 
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one-half doubles the relative surface area and potentially 

doubles access for microbial digestion (Owens and Goetsch, 

1988). 

Most producers do not process cottonseed. Mechanical 

processing of linted WCS might not be necessary. As 

mentioned, coppock et ale (1985) found less than 1% of the 

linted WCS fed was excreted as whole seeds in the feces. 

However, 11.3% of acid-delinted WCS was excreted as a percent 

seeds consumed. Nutrient analysis of those excreted seeds 

showed little difference from the seeds consumed, which 

suggests no digestion occurs for intact seeds during transit 

through the digestive tract. In the ~ame trial, by simply 

rolling the acid-delinted WCS, they completely eliminated 

whole seeds appearing in the feces. Digestibilities of CP and 

ether extract were also increased by rolling the acid-delinted 

WCS. 

Brown et ale (1982) compared Pima WCS to cracked Pima 

cottonseed at 15% of diet dry matter for lactating cows. They 

found no difference in milk yield, nor in fat or protein 

content of milk between the whole and cracked Pima seed. 

Digestibilities for energy, protein and p.ther extract were 

numerically higher for the cracked Pima diet, but not 

statistically different from the whole Pima. 
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Effect of storage on cottonseed 

Changes during storage in cottonseed used for animal 

feeds are usually minimal, because of the relatively short 

duration of the storage time. However, with extended periods 

of storage, deterioration might occur. 

Because of a high lipid level (mainly triglycerides) in 

cottonseeds, a main problem is hydrolytic rancidity. oil 

extracted from American cottonseed of the highest quality will 

have a free fatty acid (FFA) content of .5 to .7% (Bailey, 

1948). For cottonseed to receive a grade of "prime quality", 

the FFA content must not exceed 1. 8% (Meloy, 1948). Poor 

quality cottonseed that has undergone ...... extensive hydrolytic 

rancidity might contain 15-25% of the total as FFA's (Bailey, 

1948). 

Moisture content of the cottonseed is the most 

important factor influencing lipolysis of cottonseed lipid. 

Altschul and Karon (1948) showed an increase in seed moisture 

from 9.5% to 15.2% corresponded to an increase in FFA from .7% 

to 10% of the total fat, in seeds that had been stored for 100 

days at a constant temperature. In another study, Simpson 

(1942) stored cottonseed for 2 yr at 32°C, at initial 

moistures of 7.1%, and noted only .9% of the total fat as FFA. 

Conversely, seed stored under the same conditions with initial 

moisture of 14.7% contained 21.9% FFA. 
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Pertaining to hydrolytic rancidity, temperature is 

additive to seed moisture, but effects are of lesser 

magnitude. Simpson (1942) also noted that high moisture seed 

(14.7% water) had only 1.0% of fat as FFA after storage for 2 

yr at 1°C. Temperature has much less effect on low moisture 

cottonseed. Cottonseed with an initial moisture of 7.1% had 

a FFA content of .4% after storage at 1°C; whereas seed stored 

at 32°C had a FFA content of 0.9% (Simpson, 1942). Alderks 

(1948) reported an expected increase in FFA content during 

storage of less than O.l%/mo with 10% moisture seed stored at 

10°C. 

Lipolysis may also be facilitated by mechanical 

alteration. Ground cottonseed exhibited a FFA content of 3.4% 

of fat after a 35-day storage, but whole cottonseed had only 

1.1% (Altschul and Karon, 1948). 

Aflatoxin contamination is a potential problem during 

cottonseed storage. The fungus which produces aflatoxins, 

Aspergillus flavus, becomes closely associated with the cotton 

crop and if the crop is exposed to dew, rain or high humidity, 

toxin levels can increase very rapidly (Lee et al., 1986). 

Aflatoxin in WCs is quite variable, with the toxin occurring 

in a few, highly contaminated bolls (Cotty and Lee, 1989) and 

it is possible for one seed to contain 500,000 ppb aflatoxin 

(Lee et al., 1990). One highly contaminated seed can cause 

over 25,000 uncontaminated seeds to have an average aflatoxin 
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level of 20 ppb (Lee et al., 1990), the legal limit for wes 

fed to lactating dairy cattle. 

Ammoniation of cottonseed reduces aflatoxin content of 

contaminated cottonseed. Price et ale (1982) added 1.5% NH3 

to 17% moisture cottonseed that contained 400-700 ppb total 

aflatoxin. After storage for 21 d in polyethylene bags, the 

cottonseed contained 15-80 ppb aflatoxin. No reports were 

found on aflatoxin contamination in mechanically processed 

cottonseed. 

The best protection for stored cottonseed is minimizing 

exposure to moisture. To minimize increases in both aflatoxin 

and free fatty acids during storage df cottonseed, Russell 

(1983) recommended: 1) storage of at a moisture level of less 

than 10%; 2) air ventilation through the seed; 3) sheltering 

from rain; and 4) storing cottonseed on a sloped concrete 

floor. 

Whole cottonseed is an important feed ingredient in 

dairy cattle diets throughout the country. In a survey, 

Jordan (1992) found that 72% of the highest producing herds in 

the country feed wes. As the acreage of Pima cotton continues 

to increase, uses for the Pima seed will also need to 

increase. The use of Pima cottonseed in diets for lactating 

cows is one possible use. 
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CHAPTER 3 

CHEMICAL AND PHYSICAL CHARACTERISTIC'S 

OF PIMA AND SHORT STAPLE COTTONSEED 

SUMMARY 

Chemical and physical differences between short staple 

and Pima cottonseed were evaluated. Pima seed was higher in 

crude protein and ether extract, but lower in both NDF and 

ADF, while short staple seed was higher in linoleic acid 

(C'8:2) and lower in oleic acid (C'8:'). Average weight of Pima 

seed was slightly more (.115g vs. .105g). Because of the lack 

of lint, Pima seed had greater bulk density (460 kg/m3 vs. 284 

Seed coat strength of the short staple seed was 

greater than Pima seed. In comparing buoyancy of seeds when 

placed in water, 87% of the Pima seed sank by 4h, compared to 

only 3% of the short staple seed. At 24h, 57% of the short 

staple seed sank compared to 94% of Pima seed, and by 48h the 

short staple and Pima seed were nearly equal (91% vs. 94%). 

Of the total gossypol (0.61% for Pima and 0.67% for 

short staple), Pima cottonseed contained more of the (-) 

isomer (51.2%) than short staple seed (42.4%) and less of the 

(+) isomer (48.8% vs. 56.5%). 
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INTRODUCTION 

Whole cottonseed (WCS) has been used extensively in 

diets for lactating dairy cows. WCS is unique because it is 

high in energy and fiber and moderately high in protein. 

Availability of cottonseed from American Pima cotton 

(Gossypium barbadense ~) has steadily increased because of 

the increased planting for its long staple fiber. In 1990, 

153,000 tons of Pima cottonseed was produced. In the past 

most of the Pima cottonseed was crushed for oil and meal, 

rather than fed to cattle, because of the preference by 

dairymen to feed linted short staple cottonseed (Gossypium 

hirsutum ~). Much is known about dlemical and physical 

characteristics of linted short staple cottonseed, but little 

data exists on the characteristics of the naturally delinted 

Pima seed. 

The NRC (1989) lists WCS as either with lint or without 

lint. However, the WCS without lint is delinted WCS and not 

Pima seed. compared to linted, delinted seed was reported 

higher in CP (9%), and ether extract (19%), but lower in NDF 

(20%) and ADF (30%). However, NEL is listed as the same for 

the two different seed forms. Kutches et ale (1987) reported 

delinted short staple cottonseed contained 25% more CP, 18% 

more crude fat and 33% less crude fiber than linted 

cottonseed. However, these values were for mechanically 

delinted seed and not for Pima seed. Similar values were 
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reported by Osland and Wagner (1985) in comparing delinted and 

linted cottonseed, but no information on the nutrient 

composition of Pima cottonseed was found. 

Kutches et ale (1987) reported 14% more delinted seeds 

per unit weight and almost half the volume (240 ml/100g seeds 

and 460 ml/100g seeds, respectively), compared to the linted 

seed. Moreover, bulk density (lb/ft3 ) was nearly two times 

greater for delinted seed (27.6 vs. 15.5). Osland and Wagner 

(1985) found 14% more delinted seed per unit weight and a bulk 

density of 32 lbs/ft3 for the delinted seed. 

Short staple cottonseed has a fatty acid profile that 

is predominately unsaturated (C18:2-56% and C18:1-15%) with about 

29% saturated fatty acids (C16:0-26%, C14:0-1% and C18:0-2%) 

(Davis, 1990). No reports could be found on the fatty acid 

content of Pima cottonseed. 

Gossypol in cottonseed is toxic to monogastrics and 

young ruminants, but mature ruminants are more tolerant. 

Gossypol adversely affects reproduction, by causing 

infertility in males (Calhoun and Holmberg, 1991). In nature 

gossypol exists as a mixture of two isomers «-)-gossypol and 

(+)-gossypol). Cass et ale (1991) discovered a predominance 

of the (-) isomer in Pima cottonseed, whereas short staple 

seed had more of the (+) isomer. In studies with small 

laboratory animals, the (-)-gossypol was more toxic than the 
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(+)-gossypol and the (-) isomer was responsible for 

infertility in males (Wang et al., 1986). 

The objective of this study was to examine chemical and 

physical characteristics of short staple and Pima cottonseeds 

for which little data exists, and when feasible, relate these 

characteristics to response of cows fed the seeds. 

MATERIALS AND METHODS 

Samples of cottonseeds were taken from one lot of 

cottonseed, originating from Phoenix, AZ. cottonseeds were 

sampled once weekly for a total of ten weeks. Samples were 

then ground and composited for latter analysis. Cottonseeds 

were analyzed for DM, ADF, and ether extract according to AOAC 

(1980), for NDF as described by Robertson and Van Soest 

(1981); and for CP by using the C-N-S auto-analyzer model 1500 

(Carlo Erba Instruments, Italy). 

Fatty acids were extracted, methylated and quantified 

by GLC (Varian model 3300 equipped with a flame ionization 

detector; Walnut Creek, CA). The column was a fused silica 

capillary (SP-2340, 30 mm x .32 mm; Supelco, Inc., Bellefonte, 

PA) • Initial temperature was 120oC, increasing SO/min. to 

180oC, where it was held for 2 min. Identity of fatty acids 

was determined by comparison with retention times of a known 

reference standard. Injector and detector temperature was 
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Average seed size and weight were determined by 

measuring representative samples (30 seeds) from each variety 

of cottonseed. Volume and bulk density were measured by 

placing known masses of seeds in containers and measuring 

corresponding volumes. Seed coat strength was determined with 

a hand-operated Dillon force gauge (Dr. R.G. McDaniel, 

Department of Plant sciences, The University of Arizona, 

Tucson), calibrated in Newtons. Force was applied to seeds 

(50 of both varieties) at a right angle to the long axis, and 

the force required to crack each seed was measured. 

Seed buoyancy was measured by placing 30 seeds from 

each variety in 400 ml beakers containing 250 ml tap water. 

Seeds were hand stirred every 12h and percentage of seeds that 

had sunk was measured at 0, 4, 8, 12, 24 and 48h. The 

procedure was replicated eight times for each seed type. 

Total gossypol and gossypol isomers were determined on 

each variety of cottonseed as described by Cass et ale (1991), 

by Drs. M.C. Calhoun and H.L. Kim (Texas A & M University, 

College Station, TX). 

Differences between treatment means were determined 

using a standard T-test. 



26 

RESULTS AND DISCUSSION 

Nutrient composition of the two varieties of cottonseed 

is in Table 1. The Pima seed was higher in CP and ether 

extract and lower in ADF and NDF. Values for the short staple 

seed were similar to NRC values (1989). Percent CP was higher 

for the Pima seed than NRC (1989) values for delinted seed. 

However, the NRC values are for delinted short staple 

cottonseed, and not Pima seed. 

Seed size, density, volume and seed coat strength are 

in Table 2. Pima is a heavier (P<.05) and slightly longer 

seed, although differences in length were not significant 

(P>.05). Because of the lack of lint~ the Pima seed had a 

greater (P<.Ol) volume and bulk density and number of seeds 

per unit weight. Bulk density was nearly 65% greater for Pima 

seed compared to short staple (468 kg/m3 vs. 284 kg/m3). 

Kutches et al. (1987) reported similar values for volume and 

bulk density for linted and delinted cottonseed. Seed coat 

strength was greater (P<.Ol) for the short staple seed. No 

previous reports could be found which examined seed coat 

strength of any variety of whole cottonseed. 

composition of fatty acids found in both varieties of 

cottonseed is in Table 3. The Pima seed was higher (P<. 05) in 

oleic acid (18:1) and lower (P<.05) in linoleic acid (18:2). 

Values for the short staple seed were similar to those 

reported by Davis (1990). Although there were differences 



27 

between seeds in oleic and linoleic acids, the ratio of 

unsaturated:saturated fatty acids was similar (-72:28). 

Buoyancy of the cottonseeds is in Table 4. Buoyancy 

was used to examine possible difference in density and 

hydration properties of the seeds. When placed in water, 87% 

of the Pima seeds had sunk by 4h compared to only 3% of the 

short staple seeds (P<. 01). At 24h, 94% of the Pima seeds had 

sunk compared to 57% of the short staple seeds (P<.01), but by 

48h the number of short staple seeds which sank nearly equaled 

the number of Pima seed (91% vs. 94%). For most of the Pima 

seeds that sank, a visible crack along the long axis of the 

seed coat was noticed by 24h. ~ 

The proportions of the (+)-gossypol and (-)-gossypol 

isomers of the different varieties is in Table 5. The Pima 

seed was higher in the (-)-gossypol and lower in the 

(+)-gossypol. Cass et al. (1991) showed the same trend, with 

slightly more (-)-gossypol in Pima than in short staple seed. 

Total gossypol was similar for both varieties. 

Although much data is available on the nutrient 

composition of short staple cottonseed, little exists for Pima 

cottonseed. Pima seed is higher in CP and ether extract, and 

has more oleic acid and less linoleic acid. Pima cottonseed 

is a denser feedstuff, because of the absence of lint, and 

should provide for easier handling and storage, much like 

whole grains. However, the slightly higher concentration of 
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the possibly more toxic isomer (the (-)-gossypol) warrants 

further investigation. 

The Pima seed, with its higher nutrient content (higher 

CP and ether extract) should be useful in furnishing these 

more costly nutrients in dairy cow diets. The NRC publication 

(1989) should report separate values for both linted and 

delinted short staple and Pima cottonseed, because nutrient 

content of delinted short staple and Pima seed, although both 

are slick seeds, is quite different. In addition, different 

NEL values for processed and whole cottonseed need 

consideration because they also appear to be different. The 

reduced buoyancy of the denser pima-· seed supports the 

hypothesis of Coppock et ale (1985) that a majority of 

cottonseed without lint drops to the ventral portion of the 

rumen without being ruminated, whereas linted seeds tend to 

float longer in the dorsal region of the rumen, thus 

encouraging greater rumination. 
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Table 1. Nutrient composition of short staple and Pima 
cottonseed1 • 

Item 

DM, % 
CP, % 
ADF, % 
NDF, % 
Ether extract, % 

1 Dry matter basis. 

Short staple 

95.5 
21.9 
28.7 
45.9 
20.5 

Pima 

95.6 
28.0 
26.6 
36.8 
23.6 
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Table 2. Seed size, density, volume and seed coat strength of 
short staple and Pima cottonseed. 

Variety 

Item Short staple Pima SEM 

Average seed weight,g .10S- .11Sb .02 
Average seed length,mm 8.1 8.4 .12 
Number seeds/kg 9S00c 8700d 91.3 
Volume,ml/100g 400c 22Sd 11.S 
Bulk density,kg/m3 284c 468d 9.1 
Seed coat strength, Newtons 11S.3c 99.8d 2.8 

_,b; c'~eans within the same row with different superscripts 
differ (P<.OS ;.01). 

- . 
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Table 3. Fatty acid composition of short staple and Pima 
cottonseed. 

Variety 

Fatty Acid1 Short staple Pima SEM 

--------------g/100 g--------------

14:0 
16:0 
18:0 
18:1 
18:2 

.80 
2S.1 
2.4 

17.4& 
S4.3& 

.70 
24.S 
2.6 

22.0b 

SO.2b 

.OS 

.20 

.10 

.90 

.80 

&.b Means within the same row with different superscripts 
differ (P<.OS). 
Number of carbons:number of double bonds. 

~ . 
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Table 4. Buoyancy of short staple and Pima cottonseed 
submerged in water. 

Variety 

Time1 Short staple Pima SEM 

Oh 
4h 
8h 
12h 
24h 
48h 

---------------% seeds sunk
2
------------

O· 44b 1.6 
38 87b 2.0 
6· 89b 2.1 
15· 90b 2.7 
57· 94b 3.9 
91 94 2.0 

.,b Means within the same row with different superscripts 
differ (P<.Ol). 

2 
Time after placing seeds in water. 
Percentage of ini tial seeds (30) that had sunk to the 
bottom of the beakers. (Samples stirred every 12h.) 

-. 
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Table 5. Total gossypol and proportions of (+)-gossypol and 
(-)-gossypol isomers in short staple and Pima cottonseed. 

Total gossypol,% 

Isomers 
(+)-gossypol, % 

(-)-gossypol, % 

Short staple 

0.67 

56.6 + .23 

43.4 + .23 

...... 

Variety 

Pima 

0.61 

48.8 + .36 

51.2 + .36 



CHAPTER 4 

EFFECT OF FEEDING WHOLE SHORT STAPLE, WHOLE PIMA 

OR CRACKED PIMA COTTONSEED 

TO LACTATING DAIRY COWS 

SUMMARY 

34 

Thirty-six early lactation Holstein cows (55 DIM) were 

used to examine the feeding value of Pima cottonseed which 

comprised 15% of the diet dry matter, in a randomized complete 

block design. Treatments were: 1) whole short staple (fuzzy) ..... 
cottonseed; 2) whole Pima (slick) cottonseed; and 3) a fine 

cracked Pima cottonseed (x 3.0 mm). Cows were fed treatment 

diets for 70 d, after a 14d pretrial covariate period. Intake 

of dry matter was not significantly different across 

treatments, nor were milk or FCM yield. However, milk yields 

tended to be higher for the short staple and cracked Pima than 

the whole Pima. Milk fat was higher for whole Pima (3.40%) 

and cracked Pima (3.47%) than short staple (3.18%), and gross 

feed efficiency (FCM/DMI) was greatest for cows fed cracked 

Pima cottonseed. Whole cottonseed passing in the feces (as 

percent of consumed) was highest for whole Pima (11. 0%) 

followed by short staple (5.2%) and cracked Pima (1.8%). Some 

whole seeds were still present in the cracked Pima cottonseed. 
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Milk fatty acids of cows fed cracked Pima were lower in 

stearic acid (18:0), whole and cracked Pima were higher in 

linoleic acid (18:2) than cows fed short staple. Total tract 

digestibility of ADF was decreased with cracked Pima compared 

to short staple and whole Pima. Ether extract digestibility 

was higher for cows fed cracked Pima compared to whole Pima. 

Milk yield of cows fed cracked Pima cottonseed was similar to 

those fed short staple and slightly higher than for whole 

Pima. Cracking of Pima cottonseed (~ 3.0 rom) fed to cows at 

15% of diet DM resulted in higher FCM yields and feed 

efficiency than whole Pima 

.... 
INTRODUCTION 

Whole cottonseed has been widely used as a feedstuff 

for dairy cattle, especially in areas where cotton is grown. 

Whole cottonseed is unique in that it is high in energy 

because of its oil content, high in fiber because of cellulose 

in the seed coat lint, and moderately high in protein. 

Studies have shown that linted cottonseed increased 

milk yields (Anderson et al., 1979; Macleod et al., 1977) and 

milk fat yields (DePeters et al., 1985; Dunkley et al., 1977; 

smith et al., 1981). However, there is little research on 

delinted cottonseed (either mechanically delinted short staple 

seed or naturally delinted Pima seed). 

(1985) found no difference in milk, 

Kiesling and Miller 

milk fat or feed 
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efficiency in cows fed diets containing whole short staple or 

whole Pima cottonseed at 15% of DM. However, there were only 

four cows/treatment. Conversely, Kutches et ale (1987) showed 

increased milk and FCM yields when whole delinted short staple 

cottonseed was fed, compared to the whole linted cottonseed, 

but cottonseed comprised only 5% of the diet DM. 

Dairy producers have been reluctant to use delinted 

seed because of assumed lower nutrient digestibilities because 

of greater passage of whole seed through the digestive tract. 

Osland and Wagner (1985) showed that removal of lint from 

whole cottonseed did not significantly change the percentage 

of whole seeds passing into the feces,~although there was a 

trend for greater recovery of delinted seed in the feces. 

Conversely, Alfonso et al. (1986) showed about 20% more 

delinted than linted cottonseed passed through cows 

undigested. 

An explanation for the increased passage of delinted 

cottonseed is lack of rumination of the seed. Coppock et ale 

(1985) fed whole linted cottonseed, whole acid-delinted 

cottonseed or rolled acid-delinted cottonseed, and found only 

0.4% of the whole seed in the feces of cows fed the whole 

linted cottonseed, compared to 11.3% for cows fed the whole 

acid-delinted seed. The authors suggested the whole linted 

seed stratified in rumen contents, was regurgitated with the 

forage and was chewed during rumination. Conversely, they 
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assumed that a portion of the whole acid-delinted seed did not 

stratify in the rumen, and escaped rumination. In addition, 

they found increased total tract digestibilities of CP (64.4% 

vs. 58.9%) and ether extract (90.9% vs. 85.3%) in cows fed 

rolled acid-delinted seed vs. whole acid-delinted seed. 

The objective of this study was to compare the feeding 

value of Pima cottonseed (both whole and cracked) with that of 

whole short staple cottonseed in diets for lactating dairy 

cows. 

MATERIALS AND METHODS 

Thirty-six Holstein cows in early lactation (mean of 55 
....... 

DIM at the start of the study) were fed a common pretreatment 

diet, which consisted of equal percentages of each cottonseed 

(Table 6) during a 14-d pretrial covariate period. This was 

followed by a 10-wk lactation trial and a 5-d fecal sampling 

period. The pretreatment diet consisted of 5% of each type of 

cottonseed (total of 15% cottonseed). Cows were assigned to 

treatments on the basis of pretreatment milk yields. 

Treatment groups were balanced for parity and DIM. The 

cottonseed comprised 15% of the diet DM in treatment diets 

which were: 1) whole short staple (fuzzy) cottonseed (SS); 2) 

whole Pima (slick) cottonseed (WP); and 3) a fine cracked Pima 

cottonseed (CrP). Pima cottonseed was cracked by passing 

through a roller mill, resulting in an average particle size 
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of 3.0 mm. Diets were fed as a TMR which were mixed weekly in 

a mixing box equipped with load cells and mounted on a truck 

(Kirby Manufacturing Inc., Merced, CAl. 

During the last 10-d of the trial all cows were orally 

dosed once daily with capsules of cr203 (24g/d) as a 

digestibility marker. Cows were housed in open dry lots (12 

cows/lot) with shades and free access to water and trace

mineralized salt blocks. Cows were fed for ad libitum intakes 

(10% refusals) using Calan gates (American Calan Inc., 

Northwood, NH). Treatment diets were offered once daily, with 

feed offered and refused recorded daily. Cows were weighed 

and scored for body condition (accordiflg to Wildman et al., 

1982) weekly. 

Cows were milked twice daily and weights were recorded 

for each milking. Milk was sampled weekly from consecutive 

a.m.-p.m. milkings and composited for compositional analysis 

(fat, lactose, protein, total solids) by Arizona DHIA 

(Phoenix, AZ) using infrared techniques. Additional milk 

samples were collected at weeks 2, 5 and 9 for fatty acid 

analysis. Fatty acids in milk were extracted, methylated and 

quantified by GLC (Varian model 3300 equipped with a flame 

ionization detector, Walnut Creek, CA). The column was a 

fused silica capillary (SP-2340, 30 m x .32 mm; Supelco, Inc., 

Bellefonte, PA). Temperature was programmed as follows: 400C 

initially then increasing 5°/min to 2000 C and held for 4 
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min. Identity of fatty acids was determined by comparison of 

retention times with a known reference standard. Injector and 

detector temperature was 220°C. 

Feed samples (TMR's and cottonseeds) were collected 

weekly throughout the lactation trial. During the fecal 

collection period, feed and orts were sampled daily and then 

composited for the 5 d of collection. Fecal grab samples were 

collected twice daily, just after milking, and were frozen 

immediately at -5°C. In addition, equal amounts of feces 

(125g/d) were sub-sampled daily from each cow to quantitate 

amount of whole cottonseeds passing into the feces. Feed, 

orts and fecal samples were dried in a Psrced air oven at 50°C 

for 48h, in preparation for analysis; but a subsample of the 

feed and orts were dried at 100°C for determination of OMI. 

The dried samples were then ground to pass through a 2mm 

screen in a Wiley mill (Arthur Thomas, Philadelphia, PA). 

Samples were then composi ted by week and reground to pass 

through a 1mm screen in a cyclone mill (Arthur Thomas, 

Philadelphia, PAl, for use in subsequent analysis. 

Feed, orts and fecal samples were analyzed for OM, OM, 

ADF and ether extract (EE) according to AOAC (1980), for NOF 

as described by Robertson and Van Soest (1981), for CP by 

using an autoanalyzer (Technicon, Tarrytown, NY) and for 

chromium by using an atomic absorption spectrophotometer 
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(Hitachi, LTD., Tokyo, Japan) according to the method of 

Fenton and Fenton (1979). 

Whole seeds passed into the feces, as a percent of 

seeds consumed, were determined by passing approximately 600 

g of wet feces collected during the digestibility study 

through a 2.8 mm mesh screen and rinsing with water. Whole 

seeds were counted and dried at 50°C for 48 h. Percentage of 

fecal DM as seeds was calculated. Percentage of whole seeds 

consumed that passed into the feces was the determined using 

DM digestibility calculations. 

Milk yield, feed intake, milk composition and feed 

efficiencies were adjusted by analysi~ of covariance using 

data collected during the 14 d pretreatment period as 

covariates. All data were analyzed using the GLM procedure of 

SAS (1985). Least square means are reported for all variables 

analyzed using covariate adjustments. Differences between 

treatment means were compared using a standard T-test. 

RESULTS AND DISCUSSION 

Ingredient composition of the diets was identical, 

except for the different cottonseeds fed at 15% of the diet DM 

(Table 6). All diets were similar in nutrient composition 

except the CrP and WP diets were lower in ADF and slightly 

higher in EE than SS, corresponding to higher EE and lower 

fiber in Pima than short staple cottonseed. 
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Milk and FCM production were not significantly 

different among treatments (Table 7). However, there was a 

trend (P<.ll) for SS to be higher in milk and CrP higher in 

FCM (P<.12), than WP. Kiesling and Miller (1985) found no 

difference in milk or FCM in cows fed either short staple of 

Pima cottonseed, although milk yield was lower than in our 

study. Conversely, Kutches et al. (1987) found increases in 

both milk and FCM for delinted WCS compared to linted Wcs. 

However, the delinted cottonseed was mechanically delinted 

short staple seed and not Pima seed. Also, cottonseed 

comprised only 5% of the diet OM in their study (Kutches et 

a1.,1987). ...... 

Milk fat percent was higher (P<.07) for cows fed CrP 

and WP than SS (Table 7). Milk fat usually increases when 

cottonseed is fed, however no data comparing whole and 

processed cottonseed was found. The greater oil content in 

Pima than SS seed might account for higher fat in milk. No 

differences between treatments were found for other milk 

constituents (Table 7). Intake of OM was not different across 

treatments (Table 8). However, feed efficiency (FCM/OMI) was 

significantly higher (P<.05) for CrP than the SS and WP diets. 

Many reports (Hale et al., 1966; Hale, 1973; Theurer, 1986) 

have shown the benefit of processed grains on feed efficiency. 

Brown et al. (1982) found no advantage in processing Pima seed 

for improving feed efficiency. Body weight change did not 



42 

differ among treatments (Table 8); however, cows fed the CrP 

diet decreased more (P<.05) in body condition score (-.08 vs 

+.14) than cows fed WP. 

Composition of milk fatty acids is in Table 9. The SS 

diet was higher (P<.05) in stearic (18:0) compared to the CrP 

diet and lower (P<.05) in linoleic (18:2) compared to both the 

WP and CrP diets. Smith et ale (1981) reported a two-fold 

increase in stearic and oleic acids in the milk of cows fed 

diets containing 25% WCS, compared to diets without 

cottonseed. They also reported a 25-50% decrease in de novo 

synthesis of fatty acids in the mammary gland when whole 

cottonseed was fed at 25% of the diet,. as indicated by a 

decrease in the C6-C12 fatty acids. Kennelly (1989) compared 

effects of feeding whole and ground canola seed on milk fatty 

acid content. Compared to controls, both forms increased C18:0 

and C18:I ' but magnitude of increase was greatest for the 

ground seed. The lower C18:0 and higher C18:2 on the CrP than SS 

diet was probably due to less efficient rumen biohydrogenation 

in cows fed CrP. The cottonseed oil in cows fed S5 was 

released slowly through mastication during rumination, 

probably allowing for more complete hydrogenation than in cows 

fed CrP where there was an immediate release of cottonseed oil 

into the rumen contents. The lack of large differences 

between treatments in milk fatty acids and the relatively low 

concentrations of C18:2 and CI8:3 ' suggests a fairly complete 
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biohydrogenation of unsaturated fatty acids in the ingested 

oil. 

Total tract apparent digestibilities are shown in Table 

10. Digestibility of ADF was lower (P<.05) for the CrP diet 

compared to other diets and EE digestibility was higher 

(P<.05) for the CrP diet than WP. Coppock et ale (1985) found 

increased EE digestibilities in cows fed rolled, acid

delinted cottonseed compared to whole, acid-delinted 

cottonseed, but no difference in fiber digestibility was 

noted. The CrP seed might have increased the amount of free 

oil present in the rumen, thus inhibiting microbial 

degradation of fiber. Kronfeld et ale (~80) showed decreased 

fiber digestibility when supplemental fat was fed. However, 

smith et ale (1981) found no change in crude fiber, ADF or 

cellulose digestibilities from feeding increasing amounts of 

whole cottonseed (up to 25% of diet DM). 

The percentage of whole seeds excreted as a percent 

consumed is in Table 10. Cows fed the WP diet were 

significantly higher (P<.05) in percent of whole seeds passed 

in the feces than the SS cows (11 vS. 5%). Our data is in 

general agreement with Coppock et ale (1985) who showed that 

11.3% of whole, acid-delinted cottonseed which was fed passed 

into the feces, compared to 1% of the whole linted seed. 

These authors speculated that the linted seed stratified 

throughout the rumen contents and was subj ected to more 
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mastication via rumination. The seeds which were passed in 

the feces were no different in nutrient content than the seeds 

which were consumed (Coppock et al., 1985). Hence, little or 

no digestion of those seeds took place. In our study, 

incomplete cracking to open the seed coat of the CrP seed 

accounted for a few whole seeds in the feces, but the amount 

was negligible. 

In summary, cows fed 15% of the diet DM as cracked Pima 

cottonseed were significantly higher in FCM than cows fed 

whole Pima seed. Milk fat percent was lower for ss than 

either WP or CrP seed, and cows fed CrP seed were more 

efficient (FCM/DMI) than those fed WP seed. Cracking of Pima 

cottonseed essentially eliminated passage of whole seeds into 

the feces and may account for the superior feed efficiency. 

Digestibility of ADF was lower and ether extract higher for 

CrP compared to WP. 



45 

Table 6. Ingredient and nutrient composition of experimental 
diets l • 

Item 

Ingredient, % 
Concentrate miJc3 
Alfalfa hay 
Whole short staple cottonseed 
Whole Pima cottonseed 
Cracked Pima cottonseed 
Cottonseed hulls 
Vitamin-mineral mix4 

Chemical composition 
OM, % 
CP, % 
ADF, % 
NOF, % 
Ether extract, % 

WP 

45.0 
34.0 

o 
15.0 

o 
4.0 
2.0 

93.3 
15.2 
30.7 
46.2 

5.4 

CrP 

45.0 
34.0 

o 
o 

15.0 
4.0 
2.0 

93.2 
15.4 
28.7 
43.5 
5.3 

lOry matter basis. 
2 SS = short staple cottonseed; WP = whole Pima cottonseed; 

CrP = cracked Pima cottonseed. 
3 Containing rolled corn, barley and cottonseed meal. 
4 Containing CaC03-.66%, Biphosphate-.78%, trace mineralized 

salt-.35% and vitamins A and 0-.21%. 
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Table 7. Effect of short staple, whole Pima and cracked Pima 
cottonseed diets on milk yield and composition. 

Dietl 

Item 55 WP CrP p2 

Milk, kg/d 33.5· 31.7b 32.6ab .11 
3.5% FCM, kg/d 31.5ab 30.7· 32.4b .12 
Fat, % 3.19· 3.40b 3.47b .07 
Fat Yield, kg/d 1.07 1.08 1.13 N5 
Protein, % 2.96 2.97 3.00 N5 
Protein yield, kg/d .99 .94 .98 N5 
Lactose, % 4.82 4.81 4.79 N5 
Lactose, kg 1.61 1.52 1.56 N5 

I,b Least square means within rows with different superscripts 
differ (P=). 

2 

55 = short staple cottonseed, WP = whole Pima cottonseed, 
CrP = cracked Pima cottonseed. 
Probability of a significant treatment effect. 
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Table 8. Effect of whole short staple, whole Pima and cracked 
Pima cottonseed diets on intake, feed efficiency, body weight 
gain and body condition score change. 

Dietl 

Item 5S WP CrP 5EM 

DMI, kg/d 26.8 27.2 25.7 .91 
GFE2 (FCM/DMI) 1.18· 1.13· 1.26b .025 
BW change, kg/d .53 .59 .42 .13 
Condition score change3 +.02ab +.14· -.08b 0.70 

.,b Means within the same row with different superscripts 
differ (P<.05). 

2 

3 

55 = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed. 
GFE - Gross feed efficiency. 
According to method of Wildman (1982). 
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Table 9. Milk fatty acid composition of cows fed whole short 
staple, whole Pima or cracked Pima cottonseed diets. 

Dietl 

Fatty acid2 SS WP CrP SEM 

--------------(g/100 g)-------------

4:0 
6:0 
8:0 

10:0 
12:0 
14:0 
16:0 
18:0 
18:1 
18:2 
18:3 
Otherl 

2.50 
1.81 
1.13 
2.50 
2.74 
9.30 

28.6 
16.74-
25.90 

3.10-
.95 

5.08 

2.47 
1.82 
1.18 
2.56 
2.80 
9.51 

29.30 
15.20ab 

25.35 
3.67b 

1.02 
4.74 

2.55 
1.93 
1.24 
2.75 
2.95 
9.56 

29.60 
14.40b 

24.60 
4.04b 

1.13 
5.21 

.13 

.12 

.13 

.14 

.12 

.32 

.34 

.63 

.62 

.18 

.12 

.18 

_,b Means within rows with different~superscripts differ 
(P<.05). 

2 

3 

SS = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed. 
Number of carbons:number of double bonds. 
Includes: 14:1, 15:0, 16:1, and 17:0. 
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Table 10. Nutrient digestibilities and whole seed passage of 
cows fed whole short staple, whole Pima or cracked Pima 
cottonseed diets. 

Dietl 

Item SS WP CrP SEM 

Apparent digestibility 
OM, % 59.0 61.4 60.0 1.8 
CP, % 60.3 59.3 61.3 1.7 
NDF, % 41.3 43.4 37.4 2.9 
ADF, % 41.1' 39.1a 30.2b 2.9 
Ether extract, % 75.9ab 73.3a 78.8b 1.4 

Whole seeds excreted as 

',b 

2 

a percentage of seeds 
consumed2 , % 5.2%' 11.0%b 1.8%C .87 

Means within the same row with different superscripts 
differ (P<.05). 
SS = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed. 
CrP diet contained some whole seedsiJecause of incomplete 
cracking. 
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CHAPTER 5 

COMPARISON OF WHOLE SHORT STAPLE, 

WHOLE PIMA, CRACKED PIMA OR GROUND PIMA 

COTTONSEED IN DIETS FOR LACTATING DAIRY COWS 

AND FOR STORAGE CHARACTERISTICS 

SUMMARY 

Thirty-two early lactation Holstein cows (70 DIM) were 

used to compare short staple cottonseed to whole, coarsely 

cracked and ground Pima cottonseed for lactational 
..... 

performance. The different cottonseeds comprised 15% of the 

diet dry matter in a randomized complete block design with a 

70d treatment period. Milk and SCM yields were higher for 

cows fed ground compared to cracked or whole Pima seed, but 

not significantly different from cows fed short staple 

cottonseed. Feed efficiency (SCM/DMI) was higher for cows fed 

ground Pima and short staple seed than whole Pima. Milk of 

cows on ground Pima was lower in stearic acid ( 18 : O) and 

higher in linoleic (18:2) and linolenic (18:3) than cows on 

short staple cottonseed, with cracked Pima and whole Pima 

intermediate. Whole seeds passing into the feces (% of 

consumed) were higher for whole Pima (12.3%), than whole short 

staple (6.2%). Total tract digestibilities of all nutrients 
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were similar for all ~reatments, except the whole Pima diet 

was lower in ether extract digestibility. 

Samples of the four types of cottonseed were incubated 

at 32° C and 30% relative humidity for 0, 10, 20 and 30 days, 

or stored in covered plastic buckets for 9 mo. and were 

analyzed for free fatty acids and aflatoxin contamination. 

There were no differences in amount of free fatty acids 

between any of the incubated samples, and only the cracked 

Pima seed stored in buckets for 9 mo. was significantly higher 

than the control levels. No aflatoxin was detected in any of 

the cottonseeds. Performance of cows was similar when fed 

diets containing either short sta~e or ground Pima 

cottonseed. Milk yield and gross feed efficiency were greater 

for the ground Pima diet compared to the whole or cracked Pima 

diets. In summary, grinding of Pima cottonseed improved its 

nutrient value to make it comparable to short staple seed for 

promoting milk production. Hydrolytic rancidity and aflatoxin 

contamination of the processed cottonseeds did not occur, even 

at a high temperature and a moderately high humidity. 

INTRODUCTION 

Whole cottonseed has been widely used as a feedstuff 

for dairy cattle, especially in areas where cotton is grown. 

Whole cottonseed is a unique feedstuff, in that it is high in 

energy, because of its oil content, high in fiber, because of 
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cellulose in the seed coat lint, and moderately high in 

protein. 

Beneficial effects of feeding linted cottonseed are 

increased milk yields (Anderson et al., 1979; Macleod et al., 

1977) and increased milk fat yields (DePeters et al., 1985; 

Dunkley et al., 1977; smith et al., 1981). However, little 

research has been done on delinted cottonseed (either 

mechanically delinted short staple seed or naturally delinted 

Pima seed). Kiesling and Miller (1985) found no difference in 

milk, milk fat or feed efficiency in cows fed either whole 

short staple cottonseed or whole Pima cottonseed at 15% of the 

diet OM. However, the number of cowsitreatment (four) was 

small. Conversely, Kutches et al. (1987) showed an increase 

in both milk and FCM yields when whole delinted short staple 

cottonseed replaced the whole linted cottonseed, but 

cottonseed comprised only 5% of the diet OM. 

Dairy producers have been reluctant to use Pima or 

delinted seed because more seed is passed in the feces without 

being utilized. Osland and Wagner (1985) showed that removal 

of lint from whole linted cottonseed did not significantly 

change the percentage of whole seeds passed into the feces, 

although there was a trend for more delinted seed in the 

feces. conversely, Alfonso et al. (1986) showed about 20% 

more delinted whole cottonseed passed in the feces compared to 

whole linted cottonseed. 
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An explanation for the increased fecal passage of 

delinted cottonseed is its lack of undergoing rumination. 

Coppock et ale (1985) fed whole linted, whole acid-delinted or 

rolled acid-delinted cottonseed, and found only 0.4% whole 

seed in the feces of cows fed whole linted cottonseed, 

compared to 11.3% whole seeds in feces of cows fed the whole 

acid-delinted seed. The authors suggested that whole linted 

seed was stratified through rumen contents, was regurgitated 

with the forage and chewed during rumination. conversely, 

they suggested that a portion of the whole acid-delinted seed 

did not stratify in the rumen, and escaped rumination; however 

rolling the acid-delinted seed elimin~ed passage of whole 

seeds in the feces, and increased total tract digestibilities 

of CP (64.4% vs. 58.9%) and ether extract (90.9% vs. 85.3%) 

compared to whole acid-delinted seed. 

Coppock et ale (1985) suggested that processing whole 

cottonseed may increase rancidi ty in hot weather. Seed 

moisture content is the single most important factor 

influencing lipolysis of cottonseed lipid (Altschul and Karon, 

1948), but temperature has an additive effect. Cottonseed 

with an initial moisture of 14.7% stored at 32°C had 21. 9% 

free fatty acids (FFA), compared to only 0.9% FFA in seed 

stored at the same temperature with an initial moisture of 

7.1% (simpson, 1942). Lipolysis may also be facilitated by 

mechanical alteration. Ground cottonseed exhibited 3.4% FFA 
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after a 35-d storage, but whole cottonseed had only 1.1% 

(Altschul and Karon, 1948). 

Aflatoxin contamination is another potential problem 

with cottonseed storage. The fungus which produces aflatoxin, 

Aspergillus flavus, has higher activity when exposed to rain, 

dew or high humidity (Lee et al., 1986). High ambient 

temperatures may also increase aflatoxin content (Price, et 

al., 1982). 

The objective of this study was to compare the feeding 

value of whole, cracked and ground Pima cottonseed, with that 

of short staple seed for lactating cows, and to examine 

effects of storage of the different c&ttonseeds exposed to 

high temperature and moderate humidity. 

MATERIALS AND METHODS 

Thirty-two Holstein cows in early lactation (mean of 70 

DIM at the start of the study) were fed a common pretreatment 

diet (SS diet in Table 11) during a 14-d pretrial covariate 

period. Treatment diets were fed during a 10-wk lactation 

trial and a 5-d fecal sampling period. Treatment groups were 

selected on the basis of pretreatment milk yields and were 

balanced for parity and DIM in a randomized block design. The 

four different treatment diets were comprised of 15% 

cottonseed (of the diet DM) and were as follows: 1) whole 

short staple (fuzzy) cottonseed (SS); 2) whole Pima (slick) 
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cottonseed (WP); 3) a coarse cracked Pima cottonseed (CrP); 

and 4) ground Pima cottonseed (GP). Pima cottonseed was 

cracked and ground by passing through a roller mill, with a 

resulting average particle size of 3.5 mm for the CrP and 2.5 

mm for the GP. Diets were mixed weekly in a mixing box 

mounted on a truck equipped with load cells (Kirby 

Manufacturing Inc., Merced, CA) and were fed as a TMR. 

Cows were housed in open dry lots equipped with shades, 

and had free access to water and trace-mineralized salt 

blocks. Cows were fed once daily for ad libitum intake (10% 

refusals) using Calan gates (American Calan Inc., Northwood, 

NH). Feed offered and orts were recoraed daily. Cows were 

weighed and scored for body condition (Wildman et al., 1982) 

weekly. 

Cows were milked at 0600 and 1800h and milk weights 

were recorded for each milking. Consecutive composite samples 

from an a.m. and p.m. milking were taken and analyzed for milk 

composition (fat, lactose, protein, total solids) using 

infrared techniques by Arizona DHIA (Phoenix, AZ). Additional 

milk samples were collected at weeks 6 and 9 for analysis of 

milk fatty acids. Fatty acids were extracted, methylated and 

quantified by GLC (Varian model 3300 equipped with a flame 

ionization detector, Walnut Creek, CA). The column was a 

fused silica capillary (SP-2340, 30 m x .32 mm; Supelco, Inc., 

Bellefonte, PA); with initial temperature at 40°C, then 
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increasing 5°/min to 200°C where it was held for 4 min. 

Identity of fatty acids was determined by comparison of 

retention times with known reference standards. Injector and 

detector temperature was 220°C. 

Feed samples (TMR's and cottonseeds) and orts were 

collected weekly throughout the lactation trial. During the 

last 10-d of the lactation trial, including the 5-d fecal 

collection period, all diets contained 0.1% Cr203 as a 

digestibili ty marker. Daily samples of feed offered and 

refused were taken during the fecal collection period and were 

composited for the entire period. Fecal grab samples were 

collected twice daily for 5 d just aP-ter milking and were 

frozen immediately at -5°C. Samples were composited as they 

were collected. In addition, about 125g/d of feces were sub

sampled from each cow to quantitate amount of whole cottonseed 

passed into the feces. 

A portion of the feed and orts were dried at 100°C for 

determination of DMI. Feed, orts and fecal samples were dried 

in a forced air oven at 50°C for 48h, ground in a wiley mill 

(Arthur Thomas, Philadelphia, PA) to pass through a 2mm 

screen. Sub-samples were then ground in a cyclone mill 

(Arthur Thomas, Philadelphia, PA) through a 1mm screen for use 

in subsequent analysis. 

Feed, orts and fecal samples were analyzed for DM, OM, 

ADF and ether extract (EE) according to AOAC (1980). Neutral 
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detergent fiber was determined as described by Robertson and 

Van Soest (1981). Samples were analyzed for CP by using a C

N-S auto-analyzer (Model 1500 Carlo Erba Instruments, Italy) 

and chromium by using an atomic absorption spectrophotometer 

(Hitachi, Ltd., Tokyo, Japan), according to the method of 

Fenton and Fenton (1979). 

To estimate passage of whole seeds in the feces, 

approximately 600 g of wet feces, obtained during the 

digestibility study, were rinsed with water through a 2.8 mm 

mesh screen. Whole seeds were counted and dried at 50°C for 

48 h to determine dry weight. Percent seed weight in the 

feces was calculated on a DM basis and whole seeds passing was 

calculated using DM digestibility estimates. 

To study detrimental changes in seed during storage, 

representative samples were collected immediately after 

delivery or processing from each source of cottonseed. 

Duplicate samples (100g) of each cottonseed were stored at -

5°C to serve as a positive control. For the incubation study, 

duplicate samples (100g) of each cottonseed were placed in a 

forced air oven set at 32°C and 30% relative humidity (RH). 

The increase in RH compared to normal ambient RH was 

accomplished by placing a water bath in the incubation oven. 

continual monitoring of RH was done with a commercial 

hydrometer. Temperature and RH were kept constant throughout 
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the incubation period. Samples were removed after 10, 20 and 

30 d of incubation and stored at -5~C. 

To test long term storage, approximately 50 kg of the 

different seeds were placed in triplicate 210 I plastic 

buckets with lids. Buckets were kept under a covered area for 

9 mos. (from March-November) after which they were sampled and 

samples were stored at -5°C for latter analyses. 

Content of FFA in seeds were determined using the KOH 

titration method (AOAC, 1980) developed by the National 

Cottonseed Products Association (Memphis, TN). Aflatoxin was 

determined using the methanol extraction method of Thean et 

ale (1980) and quantified by thin layer. chromatography and 

visual comparison to a known standard. 

Milk yield, feed intake, milk composition and feed 

efficiencies were adjusted by analysis of covariance using 

data during the 14-d pretreatment period as covariates. 

Covariate-adjusted and other data were analyzed using the GLM 

procedure of SAS (1985). Least square means are reported for 

all variables analyzed using covariate adjustments. 

Differences between treatment means were compared using a 

standard T-test. Significance was declared at P<.05 unless 

otherwise noted. 
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RESULTS AND DISCUSSION 

Ingredient and nutrient composition of the diets is 

shown in Table 11. Ingredient composition of the diets was 

identical, except for the different cottonseeds. Diets with 

the Pima cottonseed were lower in NDF and ADF and higher in CP 

and EE than the SS diet. This corresponds with lower fiber 

and higher protein and EE levels in the Pima vs. the short 

staple cottonseed, and reflects the lack of lint. 

Milk yield and composi tion data are in Table 12. 

Actual milk and SCM yield was higher (P<.05) for GP compared 

to WP and CP diets, but was not significantly different 

(P>.05) from SS. Kutches et al. (1987).reported increases in 

both milk and FCM yield from feeding whole delinted seed 

compared to that with lint. The delinted seed used in their 

study was mechanically delinted short staple seed, and not 

Pima seed. Moreover, cottonseed comprised only 5% of the 

ration. Brown et al. (1982) found no difference in milk, fat 

or protein yield between cows fed short staple, whole Pima or 

cracked Pima cottonseed diets, but no estimate of degree of 

cracking was reported. 

Milk fat percentage was similar across all treatments 

but was numerically lower for the GP diet (Table 12). Hawkins 

et al. (1984) observed decreased milk fat percent when ground 

soybeans were fed compared with whole soybeans. Milk protein 
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yield was greatest for the GP diet because of higher milk 

yields and similar milk protein percent. 

Intake of OM was not different across all treatments 

(Table 13). However, feed efficiency (SCM/OMI) was 

significantly higher (P<.05) for GP and SS compared to WP, 

wi th CrP intermedia te. other studies (Hale et al., 1966; 

Hale, 1973; Theurer, 1986) have shown that processing grains 

increases feed efficiency. Brown et ale (1982) showed no 

difference in feed efficiency between cows fed whole or 

cracked Pima seed. Hawkins et ale (1984) found no difference 

in feed efficiency when feeding whole vs. ground soybeans. 

All treatment groups gained weight during.the study (.41 kg/d) 

and increased in body condition score (+.1) and there were no 

differences among treatments in body weight or condition score 

change (Table 13). 

Composition of milk fatty acids is in Table 14. Cows 

fed GP were lower (P<.05) in stearic (18:0) and higher (P<.05) 

in linolenic (18:3) than those fed SSe Both the CrP and GP 

groups were higher (P<.05) in linoleic (18:2) than the SSe 

Feeding whole cottonseed decreased C6-C12 fatty acids and 

increased C18:0 and C18:1 (Smith et al., 1981). Kennelly (1989) 

compared milk fatty acids of cows fed whole or ground canola 

seed. Both forms increased CI8:1 , but magnitude of increase 

was greatest with ground seed. Perhaps more unsaturated fatty 

acids are escaping bacterial biohydrogenation in the rumen and 
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are being incorporated into milk fat, in cows fed processed 

oilseeds. 

Total tract apparent digestibilities are in Table 15. 

EE digestibility was lower (P<.05) for the WP diet compared to 

all other treatments. Coppock et al. (1985) also reported 

decreased EE and CP digestibilities with whole, acid-delinted 

seed compared to rolled acid-delinted seed; and attributed the 

loss of those nutrients to the intact seeds found in the 

feces. Digestibility of NDF and ADF were relatively low and 

did not differ among treatments. smith et ale (1981) found no 

decrease in crude fiber digestibility when whole cottonseed 

was fed in increasing amounts up to 25~of diets. 

The percentage of whole seeds excreted in the feces as 

a percent of that consumed was highest (P<.Ol) for the WP diet 

with 12.3% of the seeds eaten, passed in the feces (Table 15). 

These findings agree with our previous study, and that of 

Coppock et ale (1985) who found 11.3% of whole, acid-delinted 

cottonseed eaten passed undigested into the feces, compared to 

1% for whole, linted seed. These authors speculated that the 

linted seed stratified in rumen contents, and was subjected to 

more mastication and rumination than the delinted seed. 

Coppock et al.,(1985) also found that seeds passing into the 

feces were not different in nutrient content than seeds 

consumed. Hence, little of no digestion of those seeds took 

place. In our study, some incomplete cracking of the CrP seed 
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accounted for a few whole seeds being passed into the feces on 

this diet. 

The effect of storage on FFA content and aflatoxin 

contamination of cottonseeds is in Table 16. There were no 

significant (P>.05) differences in amount of FFA between the 

control seeds and those that were incubated for 10, 20 or 30 

days, although there was a general trend towards increased FFA 

concentrations. Moreover, there were no significant 

differences in FFA between types of seed at 10, 20 or 30 d of 

incubation. For seeds stored for 9 months, only the CrP 

cottonseed significantly increased in FFA content (P<. 05) over 

the initial levels. Simpson (1942) founa that cottonseed with 

an initial moisture of 14.7% and stored at 32°C had 21.9% FFA, 

compared to 0.9% for seed stored at the same temperature with 

an initial moisture content of 7.1%. Bailey (1948) states 

that cottonseed that has undergone extensive hydrolytic 

rancidity will contain 15-25% FFA, and that initial moisture 

of the seed is the single most important factor influencing 

lipolysis in cottonseeds. Since the average moisture content 

of the cottonseed we used was under 10% no problems with seed 

rancidity were encountered. 

There were no differences in content of aflatoxin 

between the control cottonseeds and any of the incubated seeds 

or seeds stored for 9 months (Table 16). Lee et ale (1986) 

reported that the fungus which produces the aflatoxin is more 
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active at high moisture (when exposed to rain or high 

humidities). However, we had no aflatoxin contamination of 

seeds exposed to as high as 30% RH. 

Milk production was superior for the cows fed SS and GP 

compared to WP and CrP diets. Grinding the Pima cottonseed to 

a particle size of 2.5 mm, improved feed efficiency. cracking 

or grinding the Pima seed increased polyunsaturated fatty 

acids in milk, eliminated whole seeds passing into the feces, 

and increased either extract digestibility. Increased 

nutrient utilization may have been the reason that cows fed GP 

seed exhibited higher milk production and feed efficiency. 

storage of the whole and processed cottanseed at temperatures 

and humidities common to many areas in the Southwestern u.s. 

did not cause rancidity or aflatoxin contamination of 

cottonseed. 
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Table 11. Ingredient and nutrient composition of experimental 
diets l • 

Item 

Ingredient, % 
Concentrate mix3 
Alfalfa hay 
Whole short staple cottonseed 
Whole Pima cottonseed 
Cracked Pima cottonseed 
Ground Pima cottonseed 
Cottonseed hulls 
Vitamin-mineral mix4 

Chemical composition 
OM, % 
CP, % 
NDF, % 
ADF, % 
Ether extract, % 

ss 

45.0 
34.0 
15.0 

o 
o 
o 
4.0 
2.0 

95.3 
18.0 
36.1 
24.1 

6.50 

Diet2 

WP 

45.0 
34.0 
o 

15.0 
o 
o 
4.0 
2.0 

94.6 
18.9 
34.6 
23.7 

..... "6.83 

CrP 

45.0 
34.0 
o 
o 

15.0 
o 
4.0 
2.0 

95.0 
18.8 
35.1 
23.1 

6.80 

GP 

45.0 
34.0 
o 
o 
o 

15.0 
4.0 
2.0 

95.0 
18.9 
35.5 
23.5 

6.75 

1 Dry matter basis. 
2 SS = short staple cottonseed; WP = whole Pima cottonseed; 

CrP = cracked Pima cottonseed; GP = ground Pima cottonseed. 
3 contains rolled corn, barley and cottonseed meal. 
4 contains CaC03-. 66%, Biphosphate-. 78%, trace mineralized 

salt-.35% and vitamins A and 0-.21%. 
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Table 12. Effect of whole short staple, whole Pima, cracked 
Pima and ground Pima cottonseed on milk yield and composition. 

Dietl 

Item SS WP CrP GP SEM 

Milk, kg/d 30.2ab 29.6· 28.7- 32.8b 1.0 
3.5% FCM, kg/d 29.8 28.6 28.5 29.9 .9 
SCM, kg/d 28.9ab 28.5a 27.5· 30.7b .7 
Fat, % 3.28 3.31 3.34 3.10 .13 
Fat yield, kg/d .99 .98 .96 1.02 .06 
Protein, % 3.20 3.26 3.21 3.17 .04 
Protein yield, kg/d .97ab .96ab .92· 1.04b .03 
Lactose, % 4.97 4.90 4.95 4.86 .08 
Lactose yield, kg/d 1.50 1.45 1.42 1.59 .10 

.,b Least square means within rows with different superscripts 
differ (P<.05). 
S5 = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed; GP = ground Pima 
cottonseed. 
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Table 13. Effect of whole short staple, whole Pima, cracked 
Pima and ground Pima cottonseed diets on intake, gross feed 
efficiency, body weight gain and condition score change. 

Item 

DMI, kg/d 
GFE2 (SCM/DMI) 
Body weight change, kg/d 

SS 

25.3 
1.14-

.17 
Body condition 

score change3 +.07 

Dietl 

WP CrP 

27.3 25.3 
1.05b 1.09111 

.49 .47 

+.06 +.13 

GP SEM 

27.1 1.2 
1.13- .26 

.51 .15 

+.12 .08 

.,b Means within the same row with different superscripts 
differ (P<.05). 

2 
3 

SS = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed; GP = ground Pima 
cottonseed. 
GFE = Gross feed efficiency. 
According to method of Wildman (1982). 

A; • 
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Table 14. Milk fatty acid composition of cows fed whole short 
staple, whole Pima, cracked Pima or ground Pima cottonseed 
diets. 

Fatty acid2 SS WP CrP GP SEM 

------------------(g/100 g)-------------------

6:0 1.78 1.93 1.64 1.97 .12 
8:0 1.08 1.10 .94 1.14 .08 

10:0 2.43 2.45 2.16 2.62 .18 
12:0 2.67 2.78 2.47 2.87 .17 
14:0 9.35 9.33 8.50 9.25 .29 
16:0 28.43 28.63 27.89 28.04 .49 
18:0 16.91· 15.46ab 16.54ab 14.84b .69 
18:1 26.80 27.99 29.39 27.43 .90 
18:2 4.41· 4.66ab 5.12bc 5.60e .19 
18:3 .96· 1.03ab 1.12ab 1. 26b .09 
Other3 5.20 4.64 4.24 4.98 .33 

.,b.e 

2 

3 

Means within rows with different ..... 'superscripts differ 
(P<.05). 
SS = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed; GP = ground Pima 
cottonseed. 
Number of carbons:number of double bonds. 
Includes: 14:1, 15:0, 16:1, and 17:0. 
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Table 15. Nutrient digestibilities and whole seed passage of 
cows fed whole short staple, whole Pima, cracked Pima and 
ground Pima cottonseed diets. 

Dietl 

Item SS WP CrP GP SEM 

Apparent digestibility 
DM, % 59.6 58.5 58.7 58.9 2.2 
CP, % 64.4 64.1 65.9 64.4 1.8 
NDF, % 37.0 35.7 34.3 34.4 1.7 
ADF, % 34.9 35.4 31.2 32.2 2.2 
Ether extract, % 78.8· 71.6b 80.4· 82.2· 1.9 

Whole seeds excreted as 
a percentage of seeds 
consumed2 , % -

.,b,c 

c,d,c 

2 

6.2c 12.3d .6° 0° 1.7 

Means within the same row with different superscripts 
differ (P<.05). 
Means within a row with different superscripts differ 
(P<. 01) • .... . 
SS = short staple cottonseed; WP = whole Pima cottonseed; 
CrP = cracked Pima cottonseed; GP = ground Pima 
cottonseed. 
CrP contained some whole seeds because of incomplete 
cracking. 
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Table 16. Effect of storage on free fatty acid and aflatoxin 
content of whole short staple, whole Pima, cracked Pima and 
ground Pima cottonseed. 

cottonseedl 

Item 

control 
H-10d2 

H-20d 
H-30d 
Buckets3 

control 
H-10d2 

H-20d 
H-30d 
Buckets3 

SS WP 

--------% free 

1.3S 1.39 
1. 50 1.41 
1. 62 1.43 
1. 71 1.68 
1. 7S· 1. 62· 

-----------ppb 

8 <S 
<5 <S 
<5 <S 
<5 <S 
<5 <S 

CrP GP SEM 

fatty acids---------

1.16 1.60 .19 
1.27 1.79 .23 
1.45 1.74 .22 
1.74 1.82 .20 
3.93b 2.08· .30 

aflatoxin-----------

<5 <S 
<5 <5 
<5 <5 

..... <5 <5 
<5 <5 

.,b Means within the same row with different superscripts 
differ (P<.OS). 

2 

3 

Control = stored at -SoC. 
H = 32°C and 30% relative humidity, stored for 10, 20 or 
30d. 
Cottonseed stored in 210 1 covered plastic buckets for 9 
months. 



70 

CHAPTER 6 

GENERAL SUMMARY AND CONCLUSIONS 

Whole cottonseed (WCS) is widely used in dairy cattle 

rations and is unique in its combination of nutrients. More 

than 35% of all cottonseed is fed to cattle (Jones et al., 

1991). Jordan (1992) estimates more than 70% of the highest 

producing dairy herds in the country feed WCS. 

Many studies have examined the effect of feeding linted 

WCS to dairy cows (Anderson et al., 1979; smith et al., 1981; ..... 
coppock et al., 1987; Lubis et al., 1990), showing positive 

responses in milk yield (Coppock et al., 1987), increases in 

milk fat percent (DePeters et al., 1985; smith et al., 1981) 

and often a depressed milk protein percent (Anderson et al., 

1979; DePeters et al., 1985). However, little data exists on 

feeding Pima cottonseed to dairy cows, which is rapidly 

becoming a major variety of cotton grown in the Southwestern 

u.S. 

Pima cottonseed is denser than short staple seed, with 

20% more protein and fat and can be transported much like 

whole grains in hopper cars. Linted cottonseed is much more 

difficult to transport requiring box cars or trucks with 

moving floors, making it time consuming and costly. These 
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positive features should make Pima cottonseed more valuable 

than short staple if digestion and utilization of nutrients 

were equal. 

However, due to its density and smooth surface, two 

times more Pima seed passed into the feces without being 

digested, compared to the linted seed (12% vs. 6%). Our 

hypothesis was that physical processing of the Pima seed could 

eliminate this loss of nutrients and make Pima seed of greater 

value than short staple. 

In the first trial, cracking Pima seed to a mean 

particle size of 3.0 mm made it equal to whole short staple 

for promoting milk yield, superior ~or feed efficiency 

(FCM/OMI), and eliminated passage of whole seeds in the feces. 

Coppock et ale (1985) found similar results with rolled, acid

delinted cottonseed. The cracked Pima diet also increased 

ether extract digestibility, but tended to decrease fiber 

digestibility. The free oil from the cracked Pima seed 

probably had a depressing effect on rumen cellulolytic 

activity, as shown by Mohamed et ale (1988) when free 

cottonseed oil was fed to cows. 

In the second trial, the GP (X 2.5 mm) diet was 

superior to both the WP and CrP (x 3.5 mm) diets in milk, SCM 

and feed efficiency (SCM/OMI), and equal to the short staple 

diet. The CrP in this trial was a larger particle size (3.5 

mm) than in our previous trial (3.0 mm). Processing of Pima 
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seed again eliminated the passage of whole seeds in the feces, 

and was reflected by the higher ether extract digestibilities 

than for cows fed the whole Pima diet. processing the Pima 

seed also increased the amounts of polyunsaturated fatty acids 

in the milk, probably due to less efficient rumen 

biohydrogenation of processed seeds compared to whole seeds. 

The cottonseed oil in the whole seeds is probably released 

more slowly through mastication during rumination, allowing 

for more complete hydrogenation. Whereas the oil in the 

processed seeds is released immediately, and escapes some 

biohydrogenation. 

storage of the processed cottonseed does not seem to be 

problematic as long as the seed is kept dry. No increases in 

free fatty acids, as a measure of hydrolytic rancidity, or in 

aflatoxin contamination in seeds were detected after being 

incubated at high temperatures and moderately high humidities 

or stored for nine months in covered plastic containers. In 

early studies (Altschul and Karon, 1948; simpson, 1942), seed 

moisture or exposure to moisture were the most important 

factors in seed deterioration. As long as seeds are dry, 

rancidity is not likely to occur, even at relatively high 

temperatures. 

These results provide useful information on feeding 

Pima cottonseed to lactating dairy cows. Pima cottonseed is 

becoming more available as acreages increase. Pima seed 



73 

ground to an average particle size of 2.5 to 3.0 mm appears 

equal to or better than short staple seed for supporting milk 

yield and slightly better for feed efficiencies. Processed 

Pima seed does not become rancid or contaminated with 

aflatoxin. if kept dry. These are some of the first data that 

have evaluated whole and processed Pima cottonseed for 

lactational performance, effects on digestibility and storage 

characteristics. Further research is needed to more clearly 

define mechanisms by which the processed Pima seed exerts the 

observed changes reported herein. 

.... . 
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CHAPTER 7 

APPENDIX: INDIVIDUAL COW TREATMENT 
PERIOD UNADJUSTED MEANS FOR MILK 
YIELD AND COMPOSITION (TRIAL 1) 

Cow Treatment Milk (kg/d) Fat (%) Protein (%) 

106 WP 28.1 3.53 3.00 
215 23.0 3.40 2.97 
1182 14.0 3.35 3.10 
6631 34.4 3.35 2.92 
6610 26.1 3.13 2.86 
87 42.5 2.81 2.91 
183 39.3 3.77 3.04 
201 38.5 4.00 2.80 
1157 34.1 3.24 3.04 
5239 20.3 l..41 3.15 
6001 35.9 3.01 2.80 
6606 39.7 3.30 2.83 
176 CrP 30.4 3.45 3.05 
178 30.3 3.50 3.10 
278 30.4 3.62 3.01 
1131 25.3 3.32 2.99 
108 39.2 3.15 2.85 
109 35.9 2.72 2.60 
138 40.7 3.69 2.98 
177 34.9 2.41 2.87 
200 30.9 4.04 2.82 
703 28.3 3.74 2.97 
949 43.6 2.75 2.99 
1169 28.4 3.78 3.26 
172 SS 31.3 2.95 2.98 
211 14.0 3.05 3.09 
232 29.7 3.10 3.13 
282 27.5 2.90 3.00 
54 38.4 3.18 2.93 
94 41.8 3.06 2.77 
95 38.5 3.32 2.96 
151 27.5 3.13 3.16 
174 46.4 2.97 2.85 
189 36.5 3.34 2.93 
1173 36.2 3.94 2.94 
3002 29.6 3.07 2.79 
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INDIVIDUAL COW NUTRIENT DIGESTIBILITIES (TRIAL 1) 

% DIGESTIBILITY 

COW TREATMENT OM CP NDF ADF EE 

87 WP 60.1 61.2 39.6 35.1 75.1 
183 61.1 58.3 42.0 39.3 78.8 
201 52.6 49.8 29.2 23.5 68.5 
1157 60.8 54.3 40.6 37.2 70.2 
5239 70.2 67.3 58.2 55.3 73.3 
6001 55.7 57.7 36.0 28.6 70.6 
6606 68.9 66.9 53.3 48.9 75.7 
6610 61.9 59.2 48.5 44.5 74.2 
108 CrP 58.7 62.9 32.6 25.8 76.0 
109 55.5 56.2 32.1 23.7 73.0 
138 61.1 62.7 36.4 28.6 75.4 
177 66.9 66.9 47.6 40.1 83.0 
200 56.7 58.9 30.8 26.4 79.4 
703 64.6 64.4 44.0 36.4 81.9 
949 53.5 55.8 37.4 30.2 80.5 
1169 62.5 67.7 38'.2 30.6 81.1 
54 SS 67.5 65.9 56.9 56.5 79.6 
94 55.7 56.9 34.9 32.1 66.8 
95 62.4 63.5 42.3 43.6 80.4 
151 59.0 62.5 43.6 41.5 76.7 
174 55.0 58.4 36.5 37.1 71.3 
189 61.8 62.7 45.1 44.9 78.8 
1173 54.9 57.6 33.4 33.7 79.1 
3002 55.8 54.6 37.3 39.5 75.0 
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INDIVIDUAL COW TREATMENT PERIOD 
UNADJUSTED MEANS FOR MILK 

YIELD AND COMPOSITION (TRIAL 2) 

Cow Treatment Milk (kg/d) Fat (%) Protein (%) 

285 SS 35.8 3.49 3.22 
307 35.9 2.74 3.19 
312 24.3 3.29 3.31 
374 40.5 3.43 2.93 
1225 33.2 2.56 3.05 
1228 20.5 3.46 3.39 
1258 33.1 3.27 3.01 
1259 26.8 3.77 3.45 
172 CrP 17.4 3.28 3.03 
291 25.1 3.62 3.21 
398 31.3 2.17 2.96 
401 22.9 3.25 3.02 
1130 42.0 2.92 3.14 
1165 31. 5 3.30 3.21 
1194 31.4 3.92 3.40 
1212 26.7 3.81 3.31 
119 GP 30.1 1-.50 3.17 
316 23.0 3.84 3.45 
335 34.0 2.99 3.06 
1116 29.1 3.30 3.24 
1156 34.3 2.98 3.05 
1191 46.8 2.66 2.90 
1245 25.6 2.87 3.41 
1268 29.0 2.65 3.15 
8 WP 34.2 3.31 3.20 
89 38.5 3.26 3.05 
167 32.4 2.86 3.25 
230 32.1 3.49 3.46 
359 35.2 3.57 3.19 
397 26.6 3.43 3.41 
1202 17.3 3.35 3.61 
1247 23.4 3.90 3.35 
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INDIVIDUAL COW NUTRIENT DIGESTIBILITIES (TRIAL 2) 

% DIGESTIBILITY 

COW TREATMENT DM CP NDF ADF EE 

285 SS 54.2 63.0 37.0 34.7 75.8 
307 61.7 65.6 33.1 34.9 76.2 
312 64.7 70.8 35.3 30.7 85.2 
374 59.6 64.8 32.2 31.6 71.9 
1225 54.1 58.8 36.8 31.9 72.2 
1228 70.5 73.2 52.3 49.3 83.2 
1258 52.6 57.1 33.9 31.1 82.8 
1259 59.2 62.0 36.0 34.0 83.0 
172 CrP 56.9 63.8 34.0 22.3 86.7 
291 53.9 62.9 29.9 28.7 71.8 
398 56.4 67.7 34.1 27.7 76.2 
401 48.7 54.8 30.5 30.7 83.4 
1130 62.2 68.9 30.3 32.5 78.5 
1165 68.8 74.1 45.4 42.0 88.8 
1194 58.7 65.5 33.9 22.8 83.0 
1212 64.2 70.0 3a-.l 42.2 74.4 
119 GP 47.6 58.1 32.8 34.2 82.7 
316 50.6 56.3 30.1 32.9 81.2 
335 67.2 72.9 40.6 39.8 82.3 
1116 60.4 68.1 30.6 26.6 83.1 
1150 51.5 58.8 40.8 34.5 73.2 
1191 59.7 64.1 34.8 30.8 83.9 
1245 60.7 69.9 30.5 24.1 83.6 
1268 62.1 67.2 35.4 34.6 87.6 
8 WP 62.8 66.0 45.5 47.1 81.9 
89 59.4 64.8 31.2 34.2 61.5 
167 46.2 59.0 44.5 31.0 67.7 
230 61.1 64.1 31.9 35.7 74.2 
359 59.7 64.2 32.4 34.5 72.1 
397 55.7 62.0 31.8 29.6 75.3 
1247 62.3 67.9 32.9 37.6 72.9 
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