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CHAPTER I 

INTRODUCTION 

The expanding uses for castor oil in the United States has pro

vided an opportunity for the development of a new cash crop for the 

High Plains of Texas and other suitable areas. Opportunity lies in the 

fact that approximately 85 percent of the castor oil consumed in the 

United States is imported. This being the situation, castor is one 

crop that may be increased in order to produce an oil that has a ready 

market in this country. There are no government price supports or 

acreage controls for castor production. 

Until recently, the highly poisonous meal or pomace by-product 

of the oil industry had found only limited use as a fertilizer. In 

light of recent detoxification processes, it is possible that the meal, 

which contains approximately 32 percent crude protein, may be utilized 

as a protein supplement in beef cattle rations. It was the specific 

purpose of this thesis to investigate the above possibility by conducting 

a feeding trial. 



CHAPTER II 

LITERATURE REVIEW 

History and Development of Castor. 

Castor, grown for the seed which contains approximately 50 percent 

oil, has become a competitive cash crop in recent years for farmers of 

the Texas High Plains. The castor plant, Ricinus communis L., is one of 

the world's most ancient crops and has come through the years with rela

tively little change in general characteristics. The term "castorbean" 

is used commonly to refer to both the plant and seed of Ricinus communis L_. , 

a member of the Euphorbiaceae, or spurge, family. Castor oil is one of 

the oldest commercial products known to man. It was first used as fuel 

for lamps in Egypt more than 4,000 years ago. Commercial production of 

castors began in the United States in the 1850's. Today, the United 

States is the largest importer and consumer of castor oil, taking 35 to 

45 percent of the total world production while producing only 10 to 18 

percent of its consumption (Woodward and Koffman, 1949; Brigham and 

Spears, 1967). 

World production of castors in 1967 was estimated at 713,000 tons. 

The outcome of the castor crop in Brazil in any given year is the major 

factor determining the world situation. Brazil, the world's leading 

producer, in recent years has accounted for 55 to 65 percent of the 

aggregate volume of castor seed and castor oil that has entered world 

trade (U.S.D.A. Foreign Ag. Service, 1967). 



In 1967, the castor area in the United States was estimated at a 

scant 20,000 acres. Of this, an estimated 18,300 acres were in Texas, 

700 in New Mexico, 500 in Kansas, and 500 in Nebraska (U. S. D. A. Foreign 

Ag. Service, 1967). Commercial production in Texas has centered around 

the Plainview area where a private company maintains a processing plant 

and personnel to, assist farmers in the production of castors. Yields in 

this area are reported to be 2,200 to over 3,000 pounds per acre on well-

managed, irrigated fields. The two most popular varieties grown are 

Hale and Lynn, both developed jointly by the Texas Agricultural Experi

ment Station, College Station, Texas, and the United States Department of 

Agriculture. Both are dwarf-internode varieties, well suited for mechani

cal harvesting (Brigham and Spears, 1967). 

The Plant and Growing Practices. 

Castor plants grow perenially in tropical regions and often reach 

a mature height of 30 to 40 feet. The plant behaves as an annual in 

temperate areas and is killed by frost. The dwarf-internode commercial 

types grown in Texas range in height from 3 to 5 feet. The plant is very 

coarse with large, alternate, palmately lobed leaves. After fertilization, 

the female flowers develop into spiny capsules. Seeds of present varieties 

are held within the capsule for several weeks after frost. Seed color 

ranges from light to dark brown. The seed coat is approximately 25 per-, 

cent of the weight of the seed and the oil content averages 50 percent 

of the seed weight (Woodward and Hoffman, 1949; Brigham and Spears, 1967). 

From planting until the first killing frost, a minimum growing 

season of 140 days is needed, but a 150 to 160-day season is more desir

able. Castors may be grown in most cotton producing areas where rainfall 

or Irrigation is adequate. Disease is a limiting factor in areas of high 



relative humidity (Brigham and Spears, 1967). 

The cost of production of modem castor varieties under irrigation 

ranges from $45 to $60 per acre on the High Plains of Texas. This esti

mate includes cost of land preparation, planting, irrigation, fertilizer, 

cultivation, insect control, mechanical harvesting, and hauling, but 

does not include cost of land use (Brigham and Spears, 1967). 

Castors are bought at a price related directly to the world market 

for castor oil and castor seed. There are no acreage controls or price-

support programs. Prices paid on the High Plains in 1967-1968 averaged 

5.5 cents per pound. 

Oil and Meal Uses. 

Castor oil is used in increasing amounts as a chemurgic raw 

material. It's largest uses are the plastic and protective coatings 

industries. Most castor oil must be chemically processed to adapt it 

for a particular use since there is only limited use of the oil in the 

raw state (Woodward and Hoffman, 1949; Brigham and Spears, 1967). 

The castor pomace or meal remaining after the oil is extracted 

has long been used as an organic fertilizer. Only recently has the 

pomace been used as a livestock feed. 

Undesirable Constituents. 

The raw castor pomace is highly toxic and must be detoxified be

fore use as a livestock feed. The pomace contains three undesirable 

constituents: the violently poisonous protein ricin (1.5% of oil-free 

meal); ricinine, a toxic alkaloid; and a powerful and fairly heat stable 

allergen factor (approximately 10% of oil-free meal) (Gardner et̂  al., 1960) 

Ricinine is an alkaloid, a 2-pyridine derivative, which is mildly toxic. 



Amounts of it that occur in castor meal is so small that it presents no 

particular problems for feed use (Mottola et_ al., 1968). The non-toxic 

allergen factor, known as CB-IA, is the most troublesome constituent. 

It is a fairly heat stable complex mixture of low molecular weight 

proteins or high molecular weight peptides (Mottola et_ £l., 1968). As 

far as is known-the allergen factor does not induce a reaction in live

stock consuming the meal; problems are encountered only in humans (Woodward 

and Hoffman, 1949; Gardner ̂  al., 1960; Mottola ̂  al., 1968). Allergic 

symptoms in humans characteristically involve eye, nose, or skin irri

tation and asthma. In general, individuals who show sensitivity to 

other allergens such as pollen or dust, seem to be sensitized by dust 

from castor pomace (Mottola et_ ad. , 1968) . 

Ricin Poisoning and Toxic Action. 

If raw castors or untreated pomace containing toxic levels of 

ricin are ingested or enter the body by other means, death usually occurs. 

The only known exception is when the toxin enters the body of a ruminant 

via digestion through the rumen. 

Ricin poisoning is accompanied by the following symptoms: hard 

and labored breathing; colic; diarrhea; general prostration; loss of 

appetite; and cramping and twitching muscles. There is generally an 

interval of three days between ingestion and the onset of symptoms 

(Jenkins, 1963). There is no effective antidote for the action of ricin. 

The only treatment for ricin poisoning is an antiserum prepared by in

jecting a goat with crude ricin solution prepared by a method outlined 

by Waller et_ ̂ . (1966b) . Blood is withdrawn from the goat 96 hours 

later and the red blood cells are removed by centrifugation. The resulting 

serum should then be sterilized by filtering through a sterile filter. 



The serum can be stored at 4°C. (Waller ̂  SLI. , 1966b). 

Thompson (1950) suggested that ricin may interfere with some meta

bolic process in the liver, possibly in the Krebs cycle. Considerable 

work has been conducted by Waller e^ al_, (1966a) on the toxic action of 

ricin. In this work, evaluation of ricin toxicity was measured by in

jecting, either intramuscularly or intraperitoneally, varying levels of 

extracted ricin. The first of two ricin extractions was performed on 

castor seeds that had been aged two years. The second extraction was 

performed on the same lot of seeds but after four years of aging. In 

the former, the dose required to kill rats was five micrograms of crude 

ricin solution (CRS) protein per 100 grams of body weight. For the lat

ter, the lethal dose \<fas 15 micrograms of CRS protein per 100 grams of 

body weight. The most frequent gross changes observed at necropsy 

examination of rats dead from subcutaneous injection of CRS were as 

follows: (a) enlarged deep red mesenteric lymph nodes with perinodal 

hemmorhage; (b) soft reddish-black spleen; (c) intestinal mucosal red

dening with lymphoid tissue enlarged and reddish-black; (d) dark brown 

liver with small grayish white areas; and (e) a yellowish fluid exudate 

and necrotic tissue at the site of injection. In several animals the 

body cavities contained a marked amount of a clear straxv̂  colored fluid. 

Waller et_ jl. (1966a) also subcutaneously injected CRS in a cow 

(6 micrograms/lb.) and in two goats (9 micrograms/lb. and 15 micrograms/ 

lb.) which resulted in the death of the cow in 48 hours and of one goat 

(15 micrograms/lb.) in 24 hours. All animals had an extensive edematous 

swelling at the injection site. At necropsy, the striking feature was 

edema and hemmorhages throughout all the viscera and in the skeletal 

lymph nodes. 



Protein fractionation work conducted with the above tests indi

cated that the protein from the seeds aged two years caused marked degener

ative changes in the liver with minor congestion and necrosis in the 

lymphoid tissue. However, the protein from the seeds aged four years 

caused marked destruction of the lymphoid tissue with mild to extensive 

congestion and slight necrosis of the liver. These differences suggested 

the presence of at least two toxic proteins with different loci for toxic 

action or with two kinds of toxic effects. It may be concluded from this 

work that certain substances which produce target organ specificity are 

lost with aging of the castor seed. 

Tests for Ricin Toxicity. 

The solvent extracted castor meal, now being produced by castor 

oil mills, can be detoxified by a moist heat treatment resulting in a 

non-toxic protein supplement for beef cattle (Gardner et_ al., 1960; 

Jenkins, 1963; Ridlehuber and Hay, 1967; Mottola £t al., 1968). The 

Western Utilization Research and Development Division (W.U.R.D.D.) of 

the United States Department of Agriculture located in Albany, California, 

has determined that ricin could be detoxified by heating the pomace 

above 215*'F while maintaining the moisture content above 12 percent 

(Mottola et al., 1968). The blood corpuscle agglutination test, des

cribed by Gardner e_t̂  al. (1960) has been commonly used to check castor 

pomace for ricin toxicity. The test briefly is as follows: the red 

blood corpuscle solution is prepared by removing the plasma from citrated 

whole guinea pig blood. The corpuscles are washed three times with a 

physiological saline solution (0.85% sodium chloride in demineralized 

water), and then diluted to 10 times their volume with saline solution. 

Pomace or castor meal to be tested is placed in solution by mixing a 
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ground 0.5 gram sample in 49.5 grams of physiological saline solution. 

It is allowed to stand one hour and then filtered. Nine-tenths ml. of 

the saline solution is pipetted into the first test tube and 0.5 ml. in 

each of the remaining tubes. To the first tube 0.1 ml. of the pomace 

solution is added and mixed. One-half or 0.5 ml. of this solution is 

transferred to the second tube and mixed; a like amount is transferred 

to the third tube, and so on, through tube number ten. Then, to each 

tube, 0.5 ml. of red blood corpuscle solution is added and mixed. Thus 

the dilutions of the pomace solutions in the ten test tubes are 1:10, 

1:20, 1:40, and on to 1:5,120 respectively. After standing for five 

minutes, the tubes are centrifuged exactly two minutes. Observations 

are then made relative to the appearance and characteristics of the red 

blood corpuscle agglutination. The tubes are then shaken' gently to re-

disperse the corpuscles, and the following ratings are made: 

4+ complete agglutination with no dispersion upon shaking; 

3+ complete agglutination with some breaking up of the blood upon 

shaking; 

2+ agglutination, but complete breaking up of blood upon shaking; 

1+ agglutination, easily dispersed to visible agglutinated particles; 

+ upon redispersion, a magnifying glass is required to see the 

agglutinated particles. 

The highest final dilution showing a 1+ is called the titre. The titre 

values are in direct proportion to the amounts of ricin contained in the 

pomace sample. 

It was determined at the W.U.R.D.D. that samples with a negative 

agglutination test at the 1:10 dilution or approximately 10 p.p.m. of 

ricin were not toxic to mice, since no mice died when injected with 0.05 ml. 



of an extract from meal with a 1:10 dilution factor (Ridlehuber and Hay, 

1968). 

A mouse bioassay technique for ricin has recently been developed 

by the W.U.R.D.D. (Booth, 1967). Castor pomace filtrates are injected 

intraperitoneally into each of three mice. If the three mice die within 

72 hours, the dosage must be reduced by ten-fold dilutions until the 

maximum dose permitting survival is found. If the mice survive the 

original dose, the dosage is increased ten-fold to 0.5 ml. Survival at 

a dosage of 0.5 ml. would mean the sample contained less than 3.6 ppm 

ricin. A comparison was made of the ricin content of meals based on the 

in vitro agglutination test versus the mouse bioassay. The correlation 

of treatment and assay by the two methods was reported as excellent 

(Booth, 1967). 

Deallergenation Studies. 

The present detoxification process does not completely dealler-

genize the meal and there may be a hazard to humans with allergies to 

castor meal in handling the pomace. The W.U.R.D.D. is currently con

ducting tests on the problems of deallergenization and laboratory methods 

for testing the deallerginized meal (Ridlehuber and Hay, 1968). Previous 

efforts to deallergenize castor pomace have been made, but mostly on a 

laboratory scale (Mottola et^ al., 1968). Results were reported by Gardner 

et al. (1960) on a series of laboratory tests directed toward total detox

ification of the ricin and total destruction of inactivation of the aller

genic property of castor meal and flaked castor meals. The five most 

promising deallergenization treatments and the corresponding percentage 

reduction in allergen content were as follows: dry heating of pomace to 

401''F., 100%; moist-cooking of flaked meals with 2% NaOH and 10% HCHO, 
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possibly 100%; moist-cooking with 0.9% HCl and 3% HCHO, possibly 100%; 

moist-cooking with 2% NaOH at 20 p.s.i, pressure, possibly 100%; moist-

cooking V7ith 1% NaOH, 98.4%. The data also showed that the ricin component 

can be completely detoxified by mild moist-cooking either with or with

out added alkali. 

Jenkins (1963) reported that heating castor meal for one hour in 

steam at 15 p.s.i. (120°C) virtually destroyed ricin and inactivated the 

allergen. This is not in agreement with Mottola et_ a\^, (1968) who re

ported that 120 p.s.i, steam (177°C) was necessary to get deallergeni

zation in less than two hours. 

It appears from the literature that there are effective, practical, 

and relatively simple methods for the detoxification of castor meal; but 

there is need for a process that will deallergenize the pomace economically 

and easily on a commercial scale. 

Feeding Trials. 

Due to recent interest in the development of castor meal as a 

protein supplement in livestock rations, th'ere has been considerable work 

involving feeding trials. Since January, 1967, over 10,000 tons of 

castor meal have been used as a protein supplement by twelve commercial 

cattle feedlots in Texas (Ridlehuber and Hay, 1968). At the present time 

only limited digestion and metabolism data are available. 

Castor meal contains approximately 32 percent crude protein. The 

processing has very little effect on total nitrogen content when compared 

to the raw material. There may even be an increase in apparent nitrogen, 

presumably because of a loss of non-nitrogenous compounds in the processing, 

The processing does decrease the amounts of the essential amino acids, 

especially lysine and arginine. This is of no concern in ruminant feeding, 



11 

but v7ould be important in the feeding of monogastrics due to their 

specific amino acid requirements (Mottola _et al., 1968). 

In 1902, Nagel reported that after detoxification by boiling or 

extraction with saline, castor cake could be used as a feedstuff. In 

1934, Petrosyan and Ponomarer reported that castor meal, which had been 

cooked for one to two hours, was suitable for feeding to young pigs. 

Butz and Bottger (1938) found that castor seed residues, freed from 

poison, were harmless and were an excellent protein source for cows. 

Tangl, in 1939, reported that castor meal which had been heated at 140°C 

for 60 to 90 minutes was well utilized when fed to sheep. Kodras et_ al. 

(1949) observed no toxic symptoms when rats and chicks were fed castor 

pomace which had been heated at 125°C for 15 minutes. The inferior 

growth that was observed with increased amounts of castor pomace in the 

diet was said to be partly due to decreased food intake. 

Borcher (1949) reported subnormal growth of chicks fed 10% castor 

meal which had been autoclaved at 15 p.s.i. for 30 minutes, but the meal 

was non-toxic. Assis ̂ t^ al. (1962) compared detoxicated castor meal 

with cottonseed meal and peanut meal in rations for dairy cattle in 

Brazil. There was no significant difference in milk production from 

cows fed the three meals at the rate of 50 grams per kilogram of milk 

produced. Okamoto eX_ al. (1965) used three methods of detoxifying castor 

pomace for poultry rations. These preparations were fed at levels up to 

40 percent of the ration without detrimental effects on egg production 

of pullets. 

Several experiments concerning the use of castor meal in beef 

cattle rations have been conducted by Marion at the Texas Agricultural 

Experiment Station, Spur, Texas. Marion (1967) conducted a feeding test 

which involved six heifer calves to determine whether castor meal that 
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had not been detoxified was toxic to cattle. Three calves vzere fed 1 

1/2 pounds of castor pomace per head daily, and three v/ere fed 3 pounds. 

The castor meal used in this trial contained at least 3,600 p.p.m. ricin. 

There were no ill effects attributed to the castor meal. At the end of 

196 days of feeding, all cattle were slaughtered. Samples of blood, 

liver, kidney, and muscle tissues were subjected to bioassays for ricin 

and all tests were negative. Pathological examinations of the bioassay 

rats also gave negative results. Marion (1967) also conducted a feeding 

test which compared a ration containing castor meal to a ration containing 

cottonseed meal and whole cottonseed. The remainder of each ration con

sisted of sorghum grain and sorghum silage. Five steers were placed on 

each ration. The steers on the castor ration began scouring and refused 

half of their feed on the second test day. No change was made in the 

ration for the first week and the steers continued to scour and refuse 

feed. Cottonseed meal was substituted for the castor meal during the 

second week and feed consumption of the steers gradually increased. 

During the third week, 3.3 percent castor meal was included in the ration 

and the meal was increased to 6.5 percent the fourth week. The steers 

lost weight and did not recover until the end of the fourth week. This 

four week period was not included in the test period. No additional 

problems were encountered during the following 125 days of feeding. 

There were no significant differences between the two treatments. 

Marion (1968a) conducted a 91-day feeding trial which involved 32 

cattle. A 10 percent castor meal ration was compared to an 8.5 percent 

cottonseed meal ration. The cottonseed meal cattle gained an average 

of 2.77 pounds per head daily and the castor meal cattle gained 2.40 

pounds daily. The cottonseed meal cattle consumed 20 lbs. of feed per 
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head daily whereas animals on the castor ration consumed 18 lbs. daily. 

Marion (1968b) fed two types of deallergenized castor meal to 

eight steers during a 147-day test. Cattle receiving the steam processed 

meal gained faster than the steers on the lime treated meal. 

Albin (1967) conducted a study to observe the effects of feeding 

whole castors to young dairy calves. Two calves were fed a ration con

taining castor meal and two received a cottonseed meal supplemented ration. 

Whole castors, which had been cracked, were force-fed to the calves 

receiving the castor ration for four weeks. During the four week ad 

libitum feeding period consumption of whole and cracked castors was 

allowed and the calves did consume both whole and cracked castors. No 

ill-effects, such as low feed consumption, scours, or bloat were observed 

at any time during the four week period. 

Albin et̂  _al. (1968a) conducted an experiment to determine the 

quantity of ricin that cattle could consume before showing toxic symptoms 

and death. Eight steers and eight heifers, two of each sex, were fed one 

of four feeding treatments. The feeding treatments involved a control 

ration containing cottonseed meal as the protein source and three rations 

containing castor meal with different levels of ricin. All four rations 

were all-concentrate in nature. The feeding treatments were: A-control; 

B-low ricin (1:200 dilution); C-medium ricin (1:1,600 dilution); and D-

high ricin (1:4,750)dilution. Average daily gain,' feed consumption, and 

efficiency of feed utilization, in kilograms, for the 113-day feeding 

period were, respectively: A-1,13, 7.68, and 6.80; B-1.12, 6,82, and 

6.09; C-0.71, 5.55, and 7.82; D-0.61, 5.45, and 8.93. Daily gains and 

feed consumption favored rations A and B over C and D (P<.05). Labored 

breathing, scouring, or other toxicity symptoms x̂ 7ere not observed. 
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There was no mention in the preceeding reports of allergenic 

reactions involving personnel preparing and handling the various castor 

meals. 

Santa Ynez Research Farm (1967), a private research company, has 

conducted intra-ruminal digestibility tests on castor pomace using nylon 

bags placed in the rumen of fistulated steers. The pomace tested had a 

total digestible nutrient value of 61 percent. Based on this TDN value, 

the castor meal was estimated to have a net energy value of 56.0. It was 

concluded that castor meal should be worth 80.0 to 89.0 percent of the 

value of solvent extracted cottonseed meal in cattle rations. Additional 

digestion work is presently being conducted by Santa Ynez and the results 

should be released in September, 1968. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Feedlot Performance. 

This experiment consisted of five treatments using 128 yearling 

steers. The study was started on December 20, 1967, and was terminated 

on May 20, 1968. The experimental animals were purchased by a commission 

buyer at the Fort Worth, Texas, Stockyards. Eight of the animals were 

slaughtered at a local packing plant in order to determine initial car

cass weights and dressing percentages. All steers were of mixed breeding 

ranging from Angus and Hereford crosses to Santa Gertrudis crosses and 

were termed "Number Two and Number Three Oakies." Upon arrival at the 

College feedlot, the cattle were in a stressed and shrunk condition. 

Several required injections of antibiotics. The cattle were allowed to 

rest for one day before being prepared for the feedlot in the following 

manner. Each animal was vaccinated for Blackleg, malignant edema, a 

Pasturella type mixed bacterin, and for infectious bovine rhinotracheitis. 

The steers were individually numbered by ear-notching. Restricted ran

domization by weight and breeding was used in separating the steers into 

different treatment groups in order that weight and breed variability 

could be kept as uniform as possible among the treatments. The cattle 

were separated into five treatment groups, two pens per treatment, twelve 

head per pen. All pens and other physical conditions were kept uniform. 

The steers were placed on feed by the method reported by Albin 

15 
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and Durham (1967) for all-concentrate feeding. The only experimental 

variable subjected to the cattle was the protein supplement with the 

exception of ration five which contained ten percent cottonseed hulls. 

The other four rations were all-concentrate in nature. The animals were 

weighed at approximately 40-day intervals throughout the test. 

The rations are shown in detail in table 1. Table 2 shows the 

chemical composition of castor meal as compared to solvent processed 

cottonseed meal and whole cottonseed. Ration one was the control ration 

which contained 91% dry-rolled milo, 6% cottonseed meal, and 3% sup

plement (cottonseed meal carrier). Ration two consisted of 88% dry-

rolled milo, 9% 1:10 castor meal, and 3% supplement (castor meal carrier) 

Ration three was composed of 88% dry-rolled milo, 9% 1:200 castor meal, 

and 3% supplement (castor meal carrier). Ration four was similar to the 

above rations except that it contained a mixture of three meals: 90% 

dry-rolled milo, 1.1% cottonseed meal, 3.3% 1:10 castor meal, 2.6% soy

bean meal, and 3% supplement (cottonseed meal carrier). Ration five 

consisted of 75.5% dry-rolled milo, 10% cottonseed hulls, 11.5% 1:10 

castor meal, and 3% supplement (castor meal carrier). 

All calculations on feedlot performance were made on an initial 

pay weight to a 4% shrunk final basis. Average daily gain, efficiency 

of gain, and feed consumption were subjected to analysis of variance 

according to the procedures of Steel and Torrie (1960). 

Carcass Characteristics. 

At the conclusion of the experiment all animals were slaughtered 

at a local packing plant. 

Warm carcass weights were obtained immediately after slaughter. 

Tissue samples from the liver, spleen, abomasum, and lymph nodes 
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TABLE 1 

COMPOSITION OF RATIONS FOR THE CASTOR ̂ 4EAL STUDY II 
(AIR-DRY BASIS, POUNDS) 

Item 

Milo, dry-rolled 

Cottonseed meal (41%) 

Cottonseed hulls 

Castor meal (32%)-l:10 

Castor meal (32%)-l:200 

Soybean meal (41%) 

Supplement #272 

Supplement S 

Supplement T 

Totals 

Ration 

Castor 
GSM 1:10 
(1) (2) 

Castor Part 
1:200 Mixture Roughage 
(3) (4) (5) 

1,820 1,760 

120 

180 

1,760 

180 

60 

1,800 

22 

-

66 

52 

60 

1,510 

-

200 

235 

— 

_ 

60 

60 

2,000 2,000 

55 

2,000 2,000 2,000 

Supplements 

Ingredient #272 

Cottonseed meal 974.17 
Castor meal (1:10) 
Castor meal (1:200) 
Calcium carbonate 600.0 
Salt 400.0 
Vitamin A 

(325,000 lU/gm.) 1.13 
Stilbestrol 
(2 gm./lb.) 20.0 

Chlortracycline 
(50 gm./lb.) 4.7 

Totals 2,000.0 

974.17 
974.17 

600.0 600.0 
400.0 400.0 

1.13 1.13 (50,000 lU) 

20.0 20.0 (12 mg.)^ 

4.7 4.7 (70 mg.)^ 

2,000.0 2,000.0 

Based on 22 lbs. feed consumption/head daily. 

'Estimated daily feed consumption of 20 lb./head daily. 
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TABLE 2 

CHEMICAL COMPOSITION OF CASTOR MEAL COMPARED WITH SOLVENT 
PROCESSED COTTONSEED MEAL AND \̂ ÔLE COTTONSEED 

Castor meal 

Cottonseed meal 

Whole cottonseed 

Crude 
Protein 

% 

32.1 

40.8 

23.4 

Fat 

% 

4.4 

3.2 

17,9 

Fiber 

% 

23.0 

13.2 

24.7 

Moisture 

% 

6.8 

7.6 

7.3 

Ash 

% 

6.2 

. 5.4 

3.5 

N-free 
Extract 

% 

27.5 

29.8 

23.2 

were randomly taken from six animals from each of the following treat

ments: cottonseed meal,castor 1:10, and castor 1:200. All livers were 

weighed and examined for abscesses by a United States Department of 

Agriculture (U.S.D.A.) inspector. After a 30 hour chill, the carcasses 

were broken at the twelfth rib. A U.S.D.A. grader then graded each car

cass, giving the individual characteristics which determine grade: (1) 

marbling, (2) maturity, (3) and conformation. At this time, fat thick

ness over the rib eye on 71 cattle from treatments one, two, and three 

was measured. Meat samples from the diaphtam area were taken from six 

carcasses in treatments one, two, and three. Livers from animals on the 

above treatments were also collected. 

The meat, liver, and tissue samples were brought to the Meat 

Industries Building, Texas Technological College, where they were pro

cessed and frozen for shipment to the W.U.R.D.D. in Albany, California. 

The samples were to be chemically analyzed and used in a 90 day rat 

feeding trial to determine the possible presence of ricin residues. The 

statistical analysis on carcass data was based on procedures outlined by 

Steel and Torrie (1960). Analysis of variance was conducted to determine 
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statistical differences among the treatments for carcass grade, marbling 

score, fat thickness over the loin eye, liver weights, and dressing per

centage. The number of abscessed livers was tested for significance by 

Chi-square. 

Digestion Study. 

The digestion work consisted of two digestion trials which involved 

eight steer calves that weighed approximately 600 pounds. The studies 

were conducted to gain information on the digestibility of four of the 

five feedlot treatment rations. The castor 1:200 ration (treatment three) 

was not tested. 

Each trial consisted of a 10-day adjustment feeding period followed 

by seven days of feces collection (Clanton, 1961). Fecal collections 

were gathered in harness and bag apparatuses similar to the one designed 

by Gorski _et jl. (1957) and modified by Raleigh (1967) . All animals 

were housed indoors and fed in individual pens (6 feet by 12 feet) . The 

cattle were randomly allotted to treatments, two animals per ration. They 

were placed on full feed and fed once daily in late evening. Feed and 

water were allowed _ad libitum. A random sample of each ration was taken 

daily at feeding time. Individual records were kept on the daily feed 

allowance and fecal excretion. Individual weigh back of feed was taken 

at the conclusion of each study. 

The fecal excretion was removed from the bags and weighed once 

daily late in the afternoon. Three percent of each animal's daily ex

cretion was placed in polyethylene bags and sprinkled x̂ ith thymol to 

inhibit bacterial activity. The wet feces were stored in a refrigerator 

until the seven daily samples could be composited for chemical analysis. 
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Study two was identical to study one except that the rations were 

re-randomized to account for animal variation. 

At the conclusion of each study, the daily fecal samples for each 

animal were composited and individual sub-samples were taken. A portion 

of the wet fecal samples vzas taken to the laboratory for nitrogen determi

nation. This procedure was follox\red to prevent any loss of nitrogen 

which might have occurred in drying (Gallup and Hobbs, 1944). Fecal sub-

samples of 2 pounds were dried in a constant temperature oven at 60°C 

for 72 hours. This provided data for dry matter content and was necessary 

for the storage of samples prior to further chemical analysis. The feed, 

orts, and dried fecal samples were ground in a Wiley mill to pass through 

an 80 mesh screen before being stored in tightly sealed polyethylene bags. 

These data will be summarized and reported in conjunction with metabolism 

studies to be conducted at a later date. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Feedlot Performance. 

The mean feedlot performance of all cattle by treatments is pre

sented in table 3. Appendix tables 1, 2, 3, 4, 5, and 6 show the statis

tical analyses. Duration of the feeding period was 151 days. Steers con

suming treatment one produced an average daily gain of 2.35 lbs. with an 

efficiency of gain of 6.75 lbs. of feed per lb. of gain. The average 

daily gain of these cattle was significantly higher (P<.05) than all 

other treatments excluding the steers consuming treatment five, the 

part roughage ration, which had an average daily gain of 2.28 lbs. 

Treatment one cattle were significantly (P<.01) more efficient in the 

production of gain than the cattle that received the other four treat

ments . 

Treatment five cattle, while producing the second highest gains, 

were significantly (P<.01) poorer in efficiency of gain than steers on 

the other four treatments. The reduced efficiency for this group was 

due to the high level of feed consumption of the animals while gaining 

similarly to the treatment one steers. 

Treatment four, the blend of the three meals, produced significantly 

(P<.02) higher animal gains and a more efficient utilization of feed than 

did treatment three. 

The steers on treatment three gained 1.79 lbs. per head daily. 

21 
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This was significantly (P<.05) lower than all other treatments excluding 

treatment two steers which had an average daily gain of 1.90 lbs. Treat

ment five steers bad a significantly higher feed consumption (P<.001) 

than any of the other treatments. Treatment one cattle consumed signifi

cantly (P<.05) more feed than did treatment four steers. Steers that 

consumed the all-concentrate castor meal rations, treatments tv7o and 

three, had a significantly (P<.01) lower feed consumption than the other 

three treatments. The lower feed consumption figures for treatments two 

and three suggest that an acceptability factor might be associated with 

castor meal in an all-concentrate ration which might not be present, at 

least to the same degree, in a part roughage ration. It is probable that 

the lower gains achieved by the steers consuming rations two and three 

were caused by low feed consumption due to the unacceptability of the 

castor meal in the all-concentrate rations and not by the nutritional 

qualities of the meal. 

The mean daily gains and mean daily feed consumption of the cattle 

on all five treatments x̂ 7ere somewhat lower than generally observed under 

the conditions existing in the College feedlot. For example, Albin et al, 

(1968b) reported values for daily gain, feed consumption, and efficiency 

of feed utilization of: 2.70, 19.92, and 7.38 lbs., respectively, for 

a similar cottonseed meal supplemented ration. 

The test animals in general x̂ 7ere of poorer than average quality. 

It is believed that animals of higher quality would have resulted in 

higher feedlot performance. "Number One Oakies" or better are usually 

used in College experiments. 

It is felt that the conditions for this experiment were far from 

ideal and that under more favorable conditions the performance of all 
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animals on all treatments would have been significantly improved. This 

does not imply that the treatment differences would not exist as shown. 

The test animals arrived at the College feedlot in an extremely stressed 

and shrunk condition during a period of severe cold weather. The Xvreather 

remained exceptionally cold and damp during the first two full months on 

test. 

Ammonium chloride at one percent of the complete ration was in

corporated in all rations at the end of 55 days on feed to -aid in the 

prevention of urolithiasis. The ammonium chloride was fed 10 days and 

then removed. It was deemed necessary to add it once again on day 66 

and was fed for 14 days and then removed. No further treatment was 

necessary. The chemical is bitter tasting and feed consumption was 

lower during the treatment periods. 

On the completion of 75 days on feed it was necessary to adjust 

the percent premix in rations two and three to compensate for lower than 

expected feed consumption. One animal in the control group died due to 

urinary calculi on day 71 of the experiment. One steer on ration five 

had to be removed on day 76 due to lump jaw. Adjustments for weights 

and feed consumption were made. 

An economic analysis (table 4) of the data indicated that the 

control ration and the castor meal (1:10) ration effected similar feed 

costs per pound of gain while on test. This finding is promising, but 

cannot be exploited over the lower daily gains, decreased feed consumption, 

and less net return per animal for the castor meal (1:10) treatment cattle. 

Carcass Characteristics. 

Due to the variability in animal weights and animal quality, the 
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ECONOMIC EVALUATIOl^ 

Item 

Ration cost, $/ton^ 

Daily feed cost, C 

Daily feed cost, C 

Carcass grades 

Choice 

Good 

Standard 

Mean carcass value. $ 

CSM 
(1) 

43.66 

14.74 

1.7.64 

12 

11 

0 

238.46 

TABLE 4 

I OF THE 

Castor 
1:10 
(2) 

40.68 

14.77 

18.00 

7 

17 

0 

210.23 

FEEDLOT PERFORMANCE 

Ration 

Castor 
1:200 
(3) 

40.68 

15.34 

18.06 

3 

20 

1 

205.05 

Mixture 
(4) 

42.74 

15.47 

18.57 

9 

15 

0 

222.46 

Part 
Roughage 

(5) 

38.62 

16.09 

20.60 

9 

14 

0 

225.30 

Feed costs at the time of this study: 

Feed $/cwt. 

Milo 
Cottonseed meal 
Soybean meal 
Castor meal 
Cottonseed hulls 
Supplement (CSM ration) 
Supplement (castor rations) 

2.00 
4.00 
4.00 
2.00 
1.00 
4.10 
3,13 

Per pound of live weight gain while on test. 

Per pound of carcass weight gain while on test, 

^arm carcass weight price received ($/cwt.): 

Choice 
Good 
Standard 

$41.44 
$39.49 
$36.08 

cattle were sold on the rail according to carcass grade as deternlned by a 

(U.S.D.A.) grader. Mean slaughter and carcass data for the experimental 

cattle are shown in table 5. There were no statistical differences at the 

0.05 level of probability among treatments concerning carcass grade, marbling 

score, dressing percentage, fat thickness over the loir eye or liver weights. 
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The carcasses of treatment one had the highest dressing percentage 

with 60.88+ 1.99 percent followed by treatments four, three, tx̂ /o, and 

five, respectively. Carcasses of treatment five, the part roughage 

ration, had the lowest dressing percentage which x̂7as probably due to 

larger intestinal tracts and larger fills associated with a roughage 

type ration. Table 6 displays the treatment performance of the cattle 

based upon net carcass gains while on test, meaning the difference between 

initial and final carcass weights. Digestive tract size and fill were 

accounted for in this manner. The efficiency of feed utilization values 

compared relatively favorably with those in table 3 for all treatments, 

except the part roughage treatment. Based upon carcass gains, these 

cattle were much less efficient than shown to be on a live weight basis. 

Carcasses of treatment four graded highest. The mean carcass 

grade for this treatment was 9.67 points or 0.33 points under low choice. 

Carcasses of treatments one, five, two, and three, followed, respectively. 

The treatment with the lowest grading carcasses, ration three, had a mean 

grade of 8.25 points or 0.75 points under good plus. The mean marbling 

scores followed the same order as carcass grades. The carcasses of treat

ment four had a mean marbling score of 9.75 points or 0.25 points under 

average small. Treatment three carcasses had the lowest mean marbling 

score with 7.46 points or 0.54 points under slight plus. 

Fat thickness over the loin eye was measured on treatments one, 

two, and three. The carcasses of treatment one had a mean fst thickness 

of 0.38 inches followed by treatment two with 0.34 inches. Treatment 

three carcasses, with 0.27 inches, had the least amount of fat over the 

loin eye. 
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TABLE 5 

MEAN SLAUGHTER AND CARCASS'CHARACTERISTICS 

Ration 

Item CSM 
(1) 

Castor 
1:10 
(2) 

Castor 
1:200 
(3) 

Mixture 
(4) 

589 
Carcass wt. , 

Dressing 
percentage 60.88+ 

1.99 

Fat over loin, in. 0.38 

U.S.D.A. grade^ 9.20+ 

1.39 

U.S.D.A. 

marbling score 9.50+ 

2.62 

Liver wt., lb. 13.1+ 

3.1 

No. abscessed 
livers 1 

525 518 553 

Part 
Roughage 
(5) 

559 

58.63+ 

1.56 

0 .34 

8.63+ 

1.22 

8.25+ 

2.47 

13.0+ 

1.6 

59.00+ 

1.24 

0.27 

8.25+ 

1.14 

7.4.6+ 

1.77 

12.9+ 

2 .0 

59.83+ 

1.83 

-

9.67+ 

1.71 

9.75+ 

3.14 

13.3+ 

1.9 

58.46+ 

1.07 

-

9.17+ 

1.34 

9.13+ 

2.54 

13.4+ 

1.7 

warm weight. 

Chilled carcass basis (2 1/2% shrink of warm carcass weights) and pay 
to shrunk live weights. 

*̂ Good = 8, Good + = 9, Choice - + 10. 

*̂ Slight = 7, Slight + = 8, Small - = 9. 

^Statistically different than the CSM treatment (P<.05). 

Mean liver weights from the different treatments varied only 

slightly. The heaviest livers were found in the cattle on the part 

roughage ration. They had a mean weight of 13.4 pounds. Animals re

ceiving treatment two had the lightest livers with a mean weight of 13.0 

pounds. 

Treatments two and three were found to have significantly (P<.05) 
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TABLE 6 

MEAN CARCASS GAINS AND EFFICIENCY OF FEED UTILIZATION 
BASED UPON CARCASS GAINS (POUNDS).^ 

Ration 

Castor Castor Part 
Item CSM 1:10 1:200 Mixture Roughage 

(1) (2) (3) (4) (5) 

No.of carcasses 23 24 24 24 23 

Initial carcass wt.^ 275 276 275 275 276 

Final carcass wt. 574 512 505 539 546 

Carcass gain 299 236 230 264 270 

Daily carcass gain 1.98 1.56 1.52 1.76 1.79 

Daily feed consumption 16.0 13.8 13.5 15.2 19.0 

Efficiency (feed/gain) 8.09 8.85 8.88 8.69 10.67 

^Chilled carcass basis - 2 1/2% shrink of warm carcass weights 

Calculated from an initial 
dressing percentage of 50.53%. 

Calculated from an initial slaughter group of eight animals which had a 

more abscessed livers than treatment one. There were no significant dif

ferences among the other treatments. These data indicate, as suggested by 

Thompson (1950), that castor meal which contains ricin may interfere with 

some metabolic process in the liver and thus causes liver damage. Only one 

abscessed liver was found in treatment one whereas treatments two, three, 

four, and five had six, seven, three, and three, incidences of abscessed 

livers, respectively. 



CHAPTER V 

SUMMARY 

Five fattening rations were evaluated during a 151 day period 

which involved 128 head of steers. Four all-concentrate rations were 

supplemented with different protein sources; cottonseed meal, castor 

meal (1:10 and 1:200), and soybean meal. A fifth ration contained castor 

meal (1:10) and 10 percent cottonseed hulls. Cattle consuming the cotton

seed meal supplemented ration gained more weight, consumed more feed, and 

were more efficient in feed utilization than castor meal supplemented, 

all-concentrate cattle. The part roughage cattle gained at a rate similar 

to the cottonseed meal cattle, but they consumed more feed and were sig

nificantly less efficient in feed utilization. Feed cost per pound of 

gain was similar for the cottonseed meal and castor 1:10 fed cattle, 

whereas the other rations effected higher feed costs. Acceptability of 

the all-concentrate castor meal rations appeared to be an important factor 

in the final analysis as evidenced by reduced feed consumption on the 

castor 1:10 and castor 1:200 treatments. The addition of 10 percent 

cottonseed hulls in the castor meal supplemented ration seemed to allevi

ate the acceptability factor. There were no significant differences among 

treatments concerning carcass characteristics excluding liver abscesses 

which were significantly (P<.05) more frequent in the two castor all-

concentrate treatments. 
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ANALYSIS OF VARIANCE 

Source of Variation 

Total 

Pens 

Treatments 

Pen/treatments 

Error 

TABLE 

OF TOTAL 

Degrees of 

119 

9 

4 

5 

110 

1 

LIVE 

Freedom 

WEIGHT GAIN^ OF 

Mean Squares 

— 

58,910 

130,299 

1,798 

11 

STEERS 

F 

— 

5,355̂ '̂  

72.5''< 

163>̂  

Pay weight to shrunk weight, basis. 

P<0.005 

t TESTS 

Treatments 

CSM vs. 1:10 

CSM vs. 1:200 

CSM vs. Mixture 

CSM vs. Roughage 

1:10 vs. 1:200 

1:10 vs. Mixture 

1:10 vs. Roughage 

1:200 vs. Mixture 

1:200 vs. Roughage 

Mixture vs. Roughage 

TABLE 2 

FOR LIVE WEIGHT GAIN OF STEERS 

t Value Level of Significance 

5.656 .01 

7.131 .01 

3.279 .05 

.820 .50 n.s. 

1.475 .30 n.s. 

2.377 .10 n.s. 

4.836 .01 

3.852 ' ,02 

6,311 ,01 

2.459 .10 n.s. 

2 ^ 
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Source of 

Total 

Treatments 

Error 

ANALYSIS 

Variation 

OF VARIANCE OF CONSUÎ IPTION OF STEERS 

Degrees of Freedom Mean Squares 

9 

4 9.575 

5 0.894 

F 

10.103* 

*P<0.025. 

TABLE 4 

t TESTS FOR FEED CONSUMPTION 

Treatments 

CSM vs. 1:10 

CSM vs. 1:200 

CSM vs. Mixture 

CSM vs. Roughage 

1:10 vs. 1:200 

1:10 vs. Mixture 

1:10 vs. Roughage 

1:200 vs. Mixture 

1:200 vs. Roughage 

Mixture vs. Roughag 

ANALYSIS OF 

Source of Variation 

Total 

Treatments 

Error 

*P<0.025. 

t Value 

7.777 

8.888 

2.592 

11.111 

1.111 

5.185 

ia.888 

6.296 

20.000 

;e 13,704 

TABLE 5 

OF STEERS 

Level of Significance 

.001 

.001 

.050 

.001 

.400 n.s. 

.010 

.001 

.010 

.001 

001 

VARIANCE OF EFFICIENCY OF FEED UTILIZATION 

Degrees of Freedom 

9 

4 

5 

Mean 

0. 

0. 

Squares F 

-

678 7.533* 

09 

• jMm 
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t TESTS FOR 

Treatments 

CSM vs. 1:10 

CSM vs. 1:200 

CSM vs. Mixture 

CSM vs. Roughage 

1:10 vs. 1:200 

1:10 vs. Mixture 

1:10 vs. Roughage 

1:200 vs. Mixture 

1:200 vs. Roughage 

Mixture vs. Roughag 

TABLE 6 

EFFICIENCY OF FEED 

e 

t Value 

5.747 

11.494 

4.598 

18.391 

3.448 

1.149 

12.645 

4.598 

9.195 

13.793 

UTILIZATION 

Level 1 

OF 

of 

STEERS 

Significance 

.01 

.001 

.01 

.001 

.02 

.40 n.s. 

.001 

.01 

.001 

.001 


