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ABSTRACT

Twelve lactating Holstein cows were used in a double switchback 

feeding - trial to determine the usefulness of loose cottonseed hulls as 

a roughage in dairy rations• The total ration consisted of 50 per cent 

standard dairy concentrate with the remaining 50 per cent being com

posed of roughage in one of four combinations as follows:

1.. 0 per cent cottonseed hulls, 50 per cent alfalfa cubes.

2 . 5  per cent cottonseed hulls, 45 per cent alfalfa cubes..

3. 15 per cent cottonseed hulls, 35 per cent alfalfa cubes.

4. 25 per cent cottonseed hulls, 25 per cent alfalfa cubes. 

These rations were fed and consumed at 110 per cent of the National 

Research Council (NRG) requirements for maintenance and production.

Results from all rations showed a slight decrease, in milk pro

duction though the difference was not significant. No significant 

differences in.the milk constituents were found, The rations did not 

affect body weights. Molar concentrations of volatile fatty acids in 

:the rumen were not significantly different except for propionate which 

increased in the.5 per cent cottonseed hull ration. The addition of 

cottonseed hulls to the ration lowered total digestible nutrients.



CHAPTER 1

INTRODUCTION

• Faced with the spiraling cost of feedsj today’s dairymen require 

alternative rations that are economically feasible. Since availability 

tends to dictate economic -feasibility, cottonseed hulls were studied to 

determine their nutritive value as a possible feed for dairy cows. To 

be Considered for use in a dairy ration, cottonseed hulls must meet sev

eral criteria.

They must be palatable if they are to be used in a ration where 

total feed consumption is of utmost importance to production. Hale (9) 

reported that an addition of four to five per cent cottonseed hulls to 

• a ration of 80 to 90 per cent concentrate increased total feed intake. 

However, when fed at much higher levels as the only source of roughage 

to lactating cows, Hunt, Cummings, and Lusk (12) reported severe prob

lems of feed refusal. Therefore a need to determine palatability and 

optimal feeding, levels of cottonseed.hulls as a part of the roughage in 

the diet precedented this experiment.

The nutritional value of cottonseed hulls to lactating dairy 

cows must also be considered. Since the rumen has a more or less fixed 

capacity, it is necessary that energy concentration be high enough so 

there will be consumed enough total digestible nutrients for both main

tenance and production.

' 1



Maximum production is the final criterion for a good dairy 

ration. Therefore 3 if cottonseed hulls are to be used in dairy rations 

they must be supportive of maximum production. This study was under

taken to determine the palatability9 effect on milk production and milk 

constituents3 and nutritional value of loose cottonseed hulls.



CHAPTER 2

LITERATURE REVIEW

Successful use of cottonseed hulls in fattening rations for 

cattle, in the Southern United States prompted Harrington (11) to study 

the digestibility- of cottonseed hulls in 1891. ■ Five steers were fed 

cottonseed hulls with the following resultant digestion coefficients: 

dry matter 41.9, ether extract 78.0, crude fiber 41.4, nitrogen free 

extract 30.4, and crude protein 5.7 per cent. Digestibility varied 

considerably between individual steers. It was noted that digestion of 

the constituents of cottonseed hulls was poor except for fat. It was 

therefore concluded that as cottonseed hulls added little nutritive 

value to the ration their effect must be largely mechanical.

Much later, in 1949, Forbes and Garrigus (7) determined.digestion 

coefficients from two 1 different fattening rations, each fed to a group 

of five wether lambs, one containing cottonseed hulls and the other con

taining no hulls. Ration 1 was composed of 44.5 per cent alfalfa hay, 

and 55.5 per cent yellow corn. Ration 2 was composed of 50.6 per cent 

yellow corn, 15.5 per cent cottonseed meal, 4.0 per cent alfalfa leaf 

meal, 29.9 per cent cottonseed hulls, and'10,0 per cent molasses. The 

rations were designed to closely approach equality in gross nutrient 

content. Determination of digestion coefficients showed that the lambs 

on Ration 2 digested 91 per cent as much dry matter, 82 per cent as 

much protein, 117 per cent as much fat, 92 per cent, as much nitrogen

B



free extract, and 93 per cent as much energy as the lambs on Ration 1.

As the alfalfa hay-corn ration contained only 4e40 per cent lignin and 

the cottonseed hull ration contained 9.45 per cent lignin it was sum- 

mized that a. higher percentage of lignin in the cottonseed.hull ration 

accounted for the lowered digestibility.

.Three pens of ten lambs each were subjects of a digestion trial 

conducted by Garrigus (8 ) in 1951. The three different fattening 

rations were as follows: Ration 1 contained 55.6 per cent corn and

44.4 per cent ground alfalfa hay; ration 2 contained 50.6 per cent corn, 

26.9 per cent cottonseed hulls, 3-. 0 per cent molasses, 15.5 per cent 

cottonseed meal, and 4.0 per cent dehydrated alfalfa meal; ration 3 con

tained 55.6 per cent corn, 28.0 per cent cottonseed hulls, and 16.4 per 

cent cottonseed meal. Supplemented hull rations were approximately- 82 

per cent as efficient in supplying digestible crude protein and 93 per 

cent as efficient in supplying metabolizable energy to fattening lambs 

as was a standard ration (Ration 1). It was concluded that 100 pounds 

of cottonseed hulls could be substituted for 80 pounds of U. S. No. 1 

alfalfa hay to produce gain on lambs fattened in drylot. He further 

suggested that cottonseed hulls could be used as a roughage to fatten 

lambs or cattle provided there is adequate supplementation of carotene, 

protein and minerals.

Emery and Kilgore (3) fed cottonseed hulls only to a cow late in 

lactation for a period of eight days prior to a four day collection 

period. The following digestion coefficients were obtained: dry matter

35.9, crude protein 27.1, ether extract 80.6, nitrogen free extract 40.3,
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and crude fiber 27.1 per cent. Emery and Kilgore noted from this and 

two other studies (43 5), that there was considerable variation in hull 

composition from different oil mills as well as the same oil mill due 

to variation in hull processing.

. In an effort to. determine digestion coefficients and total di

gestible nutrients.of cottonseed hulls? Hale et al. (1 0 ) used 12 Here- 

.ford steers in a two-phase digestion trial. In phase one of the trial 

each steer was individually fed a ration of ground alfalfa hay. Di

gestion coefficients of the proximate fractions and total digestible 

nutrients of the hay were determined for each steer. In phase two of 

the trial four steers were placed in each of three treatments as 

follows: A) 80 per cent ground alfalfa hay 9 2 0  per cent cottonseed

hulls; B , 60 per cent ground alfalfa hay? 40 per cent cottonseed hulls; 

and C, 40 per cent ground alfalfa hay 9 60 per cent cottonseed hulls. ■ 

The digestion coefficients and total digestible nutrients of cottonseed 

hulls determined by difference were as follows: dry matter 34.9 per

cent? protein 19.0 per cent, crude fiber 27.3 per cent, lignin 10.3 per 

cent, ether extract 78.9 per cent, nitrogen free extract 74.4 per cent, 

gross energy 36.5 per cent, and total digestible nutrients 37.9 per 

cent. The value for total digestible nutrients of the cottonseed hulls 

as determined by difference was 37.9 per cent, while linear regression 

indicated the total digestible nutrient value to be 44.0 per cent. Re

duced digestibility of alfalfa hay was noted when fed together with 

cottonseed, .hulls.

As proof of ruminants ability to utilize cottonseed hulls .effi

ciently 9 Lush et al. (16) in a stuy comparing cottonseed hulls and grass



hays concluded.that cottonseed hulls when supplemented with"calcium3 

green feed 9 and protein are superior to hill.land carpet and hermuda 

greass hay, comparable to high quality hermuda, but inferior.to mixed 

clover for milk production, It was noted that digestibility of cotton

seed hulls may be higher on well balanced rations.

Tillman, Sirny, and MacVicar (22) studied the effect of adding 

alfalfa ash to sheep rations containing cottonseed hulls by adding 28 

grams of alfalfa ash per head per day. Results indicated marked improve- 

■ ment in digestibility of all nutrient constituents of the ration contain

ing cottonseed hulls. All minerals in the ration except calcium, phos

phorus , sodium, chlorine and sulphur were provided by cottonseed hulls.

In a two-phase study with cattle to determine digestion coeffi

cients of the proximate components of cottonseed hulls, Lambeth (13) 

found the average total digestible nutrient value on a 90 per cent dry 

matter basis to be 34.0 per cent as compared to older values of 43.6 per 

cent. He concluded that the cottonseed hulls being produced today give 

lower total digestible nutrient values compared to those values for 

cottonseed hulls produced'30-70 years ago and offered the following as 

‘possible explanation for this: Changes of varieties of cotton grown,, pro

duction methods, fertilization rates, and oil. mill processing methods.

Olson and McCoy (19). fed cottonseed hull complete feeds contain

ing 15.5 per cent protein and 1.0 per cent urea to 28 Holstein cows.

Two levels of cottonseed hulls were fed ad libitum for five weeks. They 

noted no differences in milk production but recommended the 40 per cent 

• cottonseed hull level as this ration maintained milk fat production
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whereas the 30 per cent cottonseed hull level decreased milk fat 

production.

To determine their usefulness in complete dairy rations. Hunt et 

al. (1 2 ) fed cottonseed hulls to 1 2  lactating cows in a switchback design. 

The hulls were fed at 25, 35, and 45 per cent levels of the ration. 

Digestion coefficients were determined and differences between the three 

rations were found to be nonsignificant (P > .05) though digestibility 

of the ration was somewhat reduced at the 45 per cent level. Ho signif

icant differences were found in milk production or milk fat between the 

three rations.

Sargent, McCoy, and Olson (20) compared digestibilities of 

cottonseed hulls to corn silage in complete feeds and noted digestibili

ties of dry matter, protein and fiber were lower for cottonseed hulls 

where as fat digestibility increased when cottonseed hulls were fed.

They also found that the ration containing cottonseed hulls increased 

milk' production by 15 per cent. It was concluded that the lowered di

gestibility of the cottonseed hull ration was not consistent with their 

effect on milk production, milk constituents and body maintenance.



CHAPTER. 3

EXPERIMENTAL PROCEDURE

Twelve. Holstein cows near the peak of lactation were selected 

from The University of Arizona dairy herd for use as experimental ani

mals. As per Lucas (14) the cows were randomly assigned to one.of four 

groups in a double switchback feeding■trial.

A standard dairy concentrate comprised 50 per cent by weight of 1 

all four rations with the remaining 50 per cent roughage in one of four 

combinations as shown in Table 1. All rations fed equalled 110 per 

cent of the National Research Council (NRC.)‘ (18) requirements for 

maintenance and production. Rations were calculated at the onset of 

' each period using milk production and body weights at that time. Com

positions of the ration ingredients are given in Table 2.

The experiment consisted of three five-week periods. The first 

week of each period was considered an adaptive period therefore data 

from these were not considered in the analysis or final results. Milk 

weights were recorded and milk samples taken from four consecutive 

milkings the last two days of each week. WatsonTs method (27) for 

determination of solids-not-fat (SNF)• and Udyfs Orange G method (23) 

for determination of protein were used on each weekly composite.

The cows were weighed individually the last three consecutive 

days of each five-week period at 7:00 a.m. prior to being fed and were 

averaged for each period. The method described by Brown, Stull, and

e
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. TABLE 1 

COMPOSITION OF EXPERIMENTAL RATIONS

Control 5% CSH 
--------- (%)-

15% CSH . 25% CSH

Concentrate misture 50 50 50 50

Alfalfa hay cubes 50 45 35 25

Cottonseed hulls 5 15 25

TABLE 2

COMPOSITION OF CONCENTRATE MIXTURE, ALFALFA 
AND COTTONSEED HULLS FED EXPERIMENTAL

HAY CUBES 
COWS

Dry
Matter

Crude Ether 
Protein .. Extract Fiber Kcal/gm

Trial 1

Concentrate mixture 93.56 17.54 7.78 23.97 4.19

Alfalfa hay cubes 93.93 17.52 3.07 34 ..16 • 3 ..9 8

Loose cottonseed hulls 95.68 4.83 2.84 69.55 4..18
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Stott (1) was used to analyze fatty acids extracted from the milk fat 

of. the last weekT s sample for each period. The method of Luddy,

Barford3 Riemenschneider (15) was used in the formation of the methy1- 

.esters.

After the last milk samples were taken at the end of each period 

rumen samples were taken by rumen tube. The samples were strained 

through two layers of cheesecloth9 then preserved by the addition of 

one part saturated mercuric chloride solution to ten parts rumen fluid 

and stored under refrigeration at 40 degrees Farenheit until the method 

of Erwin, Marco., and Emery (6 ) could be used to determine volatile fatty 

acid content»

Individual fecal samples were taken two times daily on the last 

three consecutive days of each five-week period.. The composite samples 

were then placed in flat shallow molds and dried in an oven at 6 8  de

grees Centigrade to a constant weight. The Van Soest method (25) was 

used to determine per cent ether extract and fiber, and the method of 

Ellis, Matrone, and Maynard (2) to determine lignin from the dried com

posite samples. The standard Kjeldahl method was used to determine 

per cent protein. Combustible energy was determined using an adiabatic 

oxygen bomb calorimeter.^

The data were analyzed for variance and based on the error vari

ances for separate analysis., a statistical test of difference between 

treatments was made (2 1 ).

1. Parr Instrument Company, Moline, Illinois.



CHAPTER , 4

r RESULTS AND DISCUSSION

The results- of this study to determine the usefulness of 

cottonseed hulls to lactating dairy cows have shown that all of the 

rations containing cottonseed hulls were readily consumed without appar

ent digestive or physiological disturbances. This finding was signifi

cant in itself5 as Hunt et al. (12) had previously reported severe 

problems of feed refusal and diarrhea in dairy cows when fed rations 

containing cottonseed hulls. The fact that the rations were fed and 

consumed, at 110 per cent of the recommended NRC requirements for main

tenance and production (18) may correlate well with Hale?s (9) findings 

that an addition of 4-5 per cent cottonseed hulls in an 80-95 per cent 

concentrate ration will markedly increase feed intake. This cannot be 

readily assumed, however, as the control diets were also completely 

consumed. These results do support the work of Morrison (17) who noted 

that cottonseed hulls are. well-liked by cattle, even when.fed as the 

only roughage.

Table 3 gives milk production9 milk composition, and body weights 

of the cows in each of the experimental rations. A slight decrease in 

milk production is shown though the difference was not significant 

(P > .05) statistically. ■ Likewise-per cents milk fat, solids not fat, 

and protein showed no significant differences. These results compare 

favorably to those of Olson and McCoy (19) who found no differences in

11
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• TABLE 3

EFFECT OF THE RATIONS ON MILK PRODUCTION, MILK 
CONSTITUENTS, AND BODY WEIGHTS

' " ' 1

Ration
2

No.
3 ' 4 F Value

Milk (kg)/day 24.41 23.48 23.61 23.10 .14

Fat (%) 2.92 3.01 3.19 3.21 1.63

Protein (%) 2.76 2 . 8 6 2.81 2.73 .94

SNF (%) 8.30 8.41 8.44 8.40 .58

Body weight (kg) • .693: 6 8 6 6 8 8 693

milk production or milk composition other than an increase in per cent 

milk fat when the level of cottonseed hulls fed was increased from 30 

to 40 per cent in complete rations. There were no significant body 

weight changes due to the feeding of any of the experimental rations.

The results of this study substantiate that cottonseed hulls can 

be substituted for alfalfa hay cubes in a dairy ration and that they 

will support milk production as well as alfalfa hay cubes at least under 

the conditions of this experiment.

The analyses of the rumen fluid are given in Table 4. As there 

were no significant differences in milk fat percentages9 no phenomenal 

differences were expected in the volatile fatty acid ratios. A statis

tically significant increase (P < .05) was noted in propionate due to 

the ration containing five per cent cottonseed hulls. This is, not 

easily understandable since there was a slight increase in milk fat per 

cent (Table 3) due to this ration, which would normally be accompanied
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- TABLE 4

MEAN MOLAR PERCENTAGES OF VOLATILE FATTY ACIDS OF RUMEN FLUID 
FROM COWS FED DIFFERENT AMOUNTS OF.COTTONSEED HULLS

6* Control 5% CSH • 15% CSH . 
----- (molar %.)-------

25% CSH Standard
Error

Acetate 49.16 46.36 56.11 53.53 2.44

Propionate 30.74a 36.16b 26.05a

ftioCO00CN 2.72

Isobutyrate .70 .72 . .97 .67 • .41

Butyrate 16.92 14.55 14.92 15.24 1.89

Isovalerate . 8 6 .83 .87 .79 .07

Valerate 1.62a 1.38a,b 1.08b 1.47a,b . 1 2

a,b means unlike superscripts differ significantly (P < .05)

by an*increased percentage of acetate along with a decreased level of 

propionate. No reasonable explanation for this is offered. Another 

significant difference (P < .05) was noted in the level of valerate.

No plausible explanation for this difference is offered as there is 

little known about the role of valerate in ruminant nutrition. Since 

past work (13, 24) has shown that the individual cow has genetic factors 

that control the microfloral balance in the rumen, the above differ

ences in volatile fatty, acid percentages might be attributed to the 

individuality of the cows used in the experiment.

The results of the gas liquid chromotography of the methyl esters 

of the milk lipids are given in Table 5. No significant differences 

were found in the milk fatty acids due to feeding of any of the experi

mental rations.
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■TABLE 5

INFLUENCE OF DIET UPON THE COMPOSITION OF THE MILK FAT

Milk Fatty Acids
1

Ration No.
2 . 3

------- ---(%)------
4 F

6 : 0 1.62 1.62 1.70 1.57 1.14
8 : 0 2 . 2 0 1.77 1.48 ■ 2 . 0 1 1.52

1 0 : 0 3.55 2.77 3.16 4.02 . 1.05
1 0 : 1 .67 .36 .24 .64 1.67
1 2 : 0 3.95 2.83 3.98 3.49 .75
1 2 : 1 .51 .30 .53 .41 .31
13:0 .38 .42 .46 .33 .34
14:0 11.30 10.32 10.04 10.04 2.03
14:1 2.63 2 . 0 2 2.41 2.14 . .81
15:0 2.42 2 . 0 2 2.27 2.03 .42
16:ISO 1.52 .99 1.51 1.27 .70
16:0 27.04 31.16 28.41 29.31 3.32
16:1 3.96 3.35 3.77 3.73 .51
16:2 2.25 1.48 1.89 1.71 .50
18:IS0 ■ 1.40 .59 1 . 1 2 1.25 .53
18:0 1 0 . 0 0 10.61 10.13 9.54 1.30
18:1 20.42 23.03 2 1 . 2 2 22.72 2.37
18:2 3.30 2 . 6 8 3.94 2.78 .91
18:3 . 8 8 1 . 6 8 1.74 1.03 . 2.07
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Table 6  presents the data on digestibilities of the experimental 

rations. Fat was the only feed component that was not adversely 

affected by the addition of cottonseed hulls to the ration. The results 

indicate that the ether extract fraction of cottonseed hulls is highly 

digestible9 and possibly the addition of cottonseed hulls to a ration 

may augment the digestion of fat in other portions of that ration.

Hale (9) noted somewhat similar results.

TABLE 6

MEAN DIGESTIBILITIES OF RATIONS FROM COWS FED 
DIFFERENT AMOUNTS OF COTTONSEED HULLS

Control 5% CSH 15% CSH 25% CSH Std.
  ----  (% Digestibility)------    Error

Protein 71.69a CO00CD 66.13b 57.49° 1.87
Fat 82.70 81.68 82.39 81.97 1.53
Acid detergent fiber 36.98a GO O O) % 31.06a 'b

ĈO 
' 

COLOCN 3.11
Combustible energy

rtfoin*CD 58.89 59.20b 54.11 2.54

a 9b 9c means with unlike superscripts differ significantly (P < .05).

A significant depression (P < .05) in protein digestibility was 

noted in rations where cottonseed hulls were partially substituted for 

alfalfa hay cubes. This*negative protein digestibility of 5.90 per 

‘ cent was determined by difference. Therefore it might be inferred that 

none of the protein present in cottonseed hulls is digestible, and - 

further that their addition may depress the digestibility of protein 

already present in other portions of the ration. These findings are in 

accordance with those of Hale et ale (10) who also found negative values 

for protein digestibilities. The addition of cottonseed hulls to a
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ration would then necessitate very careful monitoring of the ration 

with respect to Its protein content as cottonseed hulls appear.to have 

a serious deficiency in this nutrient.

Digestibilities of fiber in the entire rations was significantly 

depressed.(P < .05) by the addition of cottonseed.hulls. In this study 

using dairy cows cottonseed hulls produced a fiber digestibility of 27 

per cent as determined by difference. A probable cause of the lowered 

fiber digestibility due to the feeding of cottonseed hulls to the cows 

would, be the high lignin content.

Digestibility of the-combustible energy of the. ration was also 

significantly lowered (P < .05) by the addition of cottonseed hulls' 

(Table 6 ). The digestibility of gross energy for rations containing 

cottonseed hulls was found to be 24.39 per cent.; Villavincencio and 

Rusoff (26) noted similar results in their studies. They found that the 

addition of cottonseed hulls depressed digestibilities of energy, fiber 9 

dry matter, cellulose, and lowered the total digestible nutrients.

/
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