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TliJi; INFLUENCE OF ULTRA-VIOLEtC LIGhT 

AND VITAMIN D ON TEE GROVIE OP 

PALL FAmmmD pigs. 

INTRODUCTION. 

Livestock production of tne present day varies 

from that of some years ago. Increase in human population 

has necessitated a heavy increase in the livestock population 

in order that tne demand for meat for iiuman consumption may 

be fully met. This rapid increase in the livestock poimlation 

of all countries and the de'mand for meat products of superior 

quality has given rise to wriat may be regarded at the present 

time as an intensive system of livestock production. The 

present tendency is to remove farm animals from natural con¬ 

ditions of feed and environment, and force them to rapid growth 

and early maturity by means of scientific feeding and handling. 

This general development, which may in a broad sense 

be regarded as depriving animals of their natural mode of 

living, has given rise to nutritional problems.which were not 

current when farm animals were permitted to develox? naturally. 

This early maturity in the present day livestock production 

is a matter of prime importance. Economy of production and the 

quality of the product are to a large extent dependent upoii 

the meat producing animal being converted into an edible form 

at as early an age as possible. Early maturity suggests that 

all of the animal requirements from the nutritional standpoint 

must be met if physiological disturbances are to be avoided. 
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Any disturbance in nutrition v/111 occasion slow and costly 

gains and, in addition, well marked symptoms of deranged 

physiology may be evidenced. 

In addition to the nutritional factors, carbohydra.tes, 

proteins and fat, which have been ¥/ell understood for many 

years, it is now ?veil recognized that farm animals require 

an adequate supply of mineral matter ixi their daily ration. 

The quantity of mineral matter supplied in trie ration may be 

a limiting factor to normal growth. Researcn work in animal 

nutrition conducted during recent years has snown that a 

deficiency of mineral miatter in tne ration, or an irregularity 

in connection witn the factors favoring tiie utilization of 

mineral in the body, miay give rise to serious nutritional 

disorders. For example, a lack of calcium and phosphorus in 

the ration, or a- deficiency in connection with sucn factors as 

ultra-violet light and vitamin D whicn favor the assimilation 

of these elements, may not only cause wliat is -cermed by the 

practical man “unthriftiness“, but disorders commonly referred 

to as stiffness**, **paralysis” and ‘“rickets'*. 

That SUCH deficiency problems have a practical 

significance in Alberta is indicated by the num.ber of unthrifty 

pigs wnich reach the markets throughout the country, and the 

number which may be seen on farms where pigs are more or less 

closely confined. Farmers ask from time to time, "'^fnat causes 

stiffness in pigs during the winter months, and what may be 

done to overcome the difficulty?" In connection with winter 

pig feeding experiments at the University of Alberta, cases 
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of stiffness nave been encounteped. It has been noted 

that winter grown pigs closely housed nave been more subject 

to stiffness than those allowed free access to sunlight, 

This correlation as between stiffness and sunlight has 

suggested a study of factors influencing the utilization of 

the main elements essential for bone growth. Accordingly, 

an experiment was planned and conducted at the University of 

Alberta during the past \fi/inter witn the object of determining 

the influence of exposure to sunlight and effect of feeding 

vitamin D througn the medium of cod liver oil on the utiliz¬ 

ation of calcium and phosphorus.and prevention of abnormalities 

which might be classified under the general term ‘*stiffness’*. 

Ihe treatise m'hich follows is based on this piece of invest¬ 

igational work, but,before entering into a review of this 

special problem, some space will be given to a brief historical 

treatment of these nutritional factors, namely, ultra-violet 

rays and vitamin D, together witn a resume of e2:perimental 

findings relative to their application to livestock production. 
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REVIiiiW OF LITERATUKF. 

In view of frequeriu usage of the term **ultra--violet 

rays'* in connection with the discussion which folloivs, it 

would seem well at the outset to consider the relation between 

these rays and others in T:ne lignt spectrum. 

Light is divided into three divisions of radiation - 

infra red, or heat rays, visible light and ultra-violet or 

chemical rays. Infra red and ultra-violet rays are invisible. 

o 
Light rays are usually expressed in Angstrom units, althotigh 

o 
the term micromillimeter is also used, xn Angstrom unit (A) 

-p 
has a wavelength of 10 centimeters, and, a micromillimeter 

(u u) a wavelength of lO”*^ centimeters. Red light of the 

Q 
solar spectrum has a range of 7700 to 6200 A, with an average 

frequency of 376 per second. Violet light has a range from 

o 
4300 to 3900 A, with an average frequency of 750 per second. 

Ultra-violet means beyond the violet and according to txiis 

o 
indicates all wavelengths from 0 to 4000 imgstrom units. 

Ultra-violet rays nave two separate actions on 

living beings, and are exerted by ra.ys from regions of different 

Vi?avelengths. The lethal effect is characterized by tne death 

of the cell on whicn it is exerted; hence the bactericidal 

action of ultra-violet light. This effect is exhibited by rays 

o 
of wavelengths shorter than 2900 A. Lllis and vi/ells (1) give 

the bactericidal action as confined to the middle ultra-violet 

bet'ween wavelength 3970 and 2100 A. The other sort of effect 

is termed stimulative or biologic since stimulation of biologic 

processes is its commonest expression. This action of the 
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ultra-violet is exerted from ti'ie limit of tiie visible light 

o o 
(3900 A) to about 2900 A. The ultra-violet component of 

solar radiation at the earth’s surface is practically identical 

with the region which is possessed of stimulative action and 

which is not endov/ed with lethal power. In other words, living 

beings on trie face of the earth have at least partially adapted 

themselves to exposure to rays of wavelengths not shorter than 
o 

2900 A. 

Sources of Ultra-Violet Light. 

There are two sources of ultra-violet rays - natural 

and artificial. The natural source is that great body of 

incandescence, the sun, 

Ellis and Wells (2) give the following as artificial 

sources: 

1, Lamps burning fluids in oxygen as carbon-disulphide, 

the so-called chemical lamps, or ouher devices of siiLllar 

character. These are of very restricted application. 

2, High tension disrupted electric spark discharge 

bet'ween metal electrodes - for example, iron, nickel, cobalt, 

copper, tungsten, zinc, magnesium, alumanurn and cadmium. These 

form the basis of siniiole apparatus useful in producing fluorescent 

effects. 

3, Establishment of an arc between electrodes of solid 

metal sucn as iron or carbon, usually without exhau.stion of air, 

4, mercury vapor arcs, especially those created “in vacuo“. 

For an intense study of ultra-violet rays, and their 

application to livestock production, the quartz mercury vapor 
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lamp is used. At a numoer of experiment stations in the 

United States this form of irradiation is used for scientific 

and practical purposes. The lanrp emits rays of the stimulative 

region of the ultra-violet. 

Sunlight as a Source of Ultra-Violet Rays. 

Sunlight is the most po¥/erful form of irradiation 

known; only one tYirenty-billionth part is intercepted by the 

earth, and six-tenths of this amount passes through the earth’s 

atmosphere. As stated, the ultra-violet rays of sunlight 

reach to 2900 A and lie in the region of stimulative or biologic 

action. That sunlight is healthy is a universal conviction. 

Exposure to direct sunlignt, togetner v/ith such factors as may 

be linked with it, has 'wonderful povver to promote health, bodily 

vigor and longevity in animnls otherwise unable to adapt them¬ 

selves to markedly adverse environmental conditions. 

Seasonal Influence on Radiation. 

Sun’s rays reach their maximum about 1 P.M., and 

the greatest intensity of short viravelengtns occurs at the 

same time. 

Seasonal influences affect both the suh ’ s spectral 

range and the intensity of the solar radiation. Russel and 

Russel (3) state tnat in July the maximum range of the spectrum 

is found, YiThile in v;inter the smallest amount of ultra-violet 

radiation is present. In winter the intensity of ultra-violet 

radiation at high altitudes varies witn. that of low, trie 

greatest amount of ultra-violet radiation and calorific 
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radiation Toeing at high altitudes. In summer this condition 

does not exist. From May to Seotemloer the intensity remains 

fairly constant. From October to April inexplicable sudden 

variations often occur. 

The limits of the solar spectrum are influenced by 

the seasons5 by the clearness of the atmosphere5 by the height 

of the sun above the horizon = that is, the time of day » 

and b\^ altitude, but.it has been found that altitude has very 

little effect on the range of sole.r spectrum. However, the 

spectral remge decreases very considerably the lower the sun 

is in the heavens. 

Studying the solar radiation in Ghica.go Bunde-en 

et al (4-) found that during the winter months comparatively 

little ultra-violet radiation of known physiologic significance 

appears in the sun’s spectrum and that ultra-violet rays are 

absorbed to a sufficient degree by the atmosphere, 

Tisdall and Brown (B) state that the sun’s rays during 

December, January and February in the latitude of Toronto have 

a slight but definite biologic effect on rats. They also sta.te 

that the increase in the biologic effect towards liarch, April 

and Ii!ay is not due to a greater intensity but to a greater 

range of ultra-violet rays. 

Biologic Effects of Ultra-Violet Hays, 

Ultra-violet rays, emitted from artificial or natural 

sources, a.re of biologic signific3„nce. These rays are absorbed 

by the skin, Clark (6) states that all rays shorter than 3^00 

are absorbed by a layer of ejjidermis ,1 mm in thickness. The 

shorter the wavelength the thinner the layer which will completely 

absorb it. lilacht et al (7), experimenting with rabbits, found 

>
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that penetration of ultra-violet rays through the living akin 

and other tissues is much greater. They also found that some 

of the shorter ultra-violet rays penetrate more deeply than the 

longer rays. As a result of the absorption of ultra-violet 

light in the epidermiSj the familiar inflammatory reaction 

known as sunburn is produced. 

The Relation Between Ultra-Violet 
Ra,ys and Vitamin D. 

Ultra-violet rays are intimately associated with the 

food factor coiTimonly known as vitamin U, It seems well at this 

point to consider the connection between these two important 

nutritional principles. Ultra-violet rays, of the stimulative 

region in the spectrum^ whether emitted by natural or artificial 

sourcesj and acting on the epidermis, have a biologic effect 

on the body. Related to this biologic effect of the ultra-violet 

ray is the vitamin D of foods. This food factor, on being taken 

into the body, produces a biologic effect identical to that of 

ultra-violet rays. These two factors have a definite physiological 

function in the nutrition of animals. Ultra-violet rays and 

vitamin D, having the same role in animal nutrition, are inter¬ 

changeable - one is replaceable by the other. 

History of Vitamin D, 

It 'was long known that animals on certe^in rations 

which seemed adequate did not do well. In seeking for the cause 

of this condition research workers developed the theory of 

vitamins. This discovery is one of recent years. Ue Kruif (8) 

gives the names of McCollum, Hart and Steenbock, in collabora.tion 

with Dr. Stephen Babcock, as the pioneers in this field. 

Along with other vitamins in foods is vitamin D, known 
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as the antirachitic vitamin. As pointed out 5 this vitamin is 

one of physiological significance, having a direct hearing on 

animal nutrition^ Aside from its antirachitic effect and that 

it is fa-t soluble, little is known. 

Parent Substance of Vitamin D, 

In seeking the parent substance of Vitamin P, Hess, 

Weinstock and Helman (9) made the discovery that cholesterol 

v;as rendered antirachitic by exposure to ultra-violet light. 

This fact was discovered independently, and about the same time, 

by the observers Steenbock and Black, and Rosenheim and Webster. 

Although this discovery has since been confirmed and 

accepted by numerous investigators in many countries, Rosenheim, 

and Webster (10) were able to show in 1926 that cholesterol, 

purified still further by a, chemical method known as bromination, 

had lost its property of becoming antirachitic by irradiation. 

It was found that chemically purified cholesterol no longer 

possesses the absorption spectrum in the ultra-violet region, 

which is characteristic for cholesterol purified by physical 

means only. It became evident that the precursor of vitamin D 

is not cholesterol itself, but of an unknown substa.nce associated 

with cholesterol, Rosenheim and Webster (lO) state that the 

evidence obtained leads to the view tha.t the impurity is a sterol 

of an unsaturated and labile type of which ergosterol is the 

only known representative. The impurity present in cholesterol 

is found in the proportion of one to two thousand. 

Hess and .^..nderson (ll) define ergosterol as an optically 

active sterol, having three double bonds and containing a hydroxyl 

radical. Its molecule, therefore, possesses the two factors 

which have been found to be closely linked with the activation 
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of cholesterol deriyatives. 

Sources of Vitamin D. 

There are two sources of vitamin D which are of 

practical importance in connection \¥ith this study, namely, 

cod liver oil and forage plaints in their natural cured state. 

From the commercial standpoint, cod liver oil is the 

principal source. It is the century old cure of rickets. 

Vitamin D occurs in the liver and hody oils of many species of 

fish, hut the quantity present varies widely for the different 

species. The liver of cod fish contains a liberal amount of 

Vitamin F, The oil extract of livers is a hi-pro.duct of the 

cod fishing industry, ITot only is cod liver oil rich in 

vitainin F, hut also in the .grom^th promoting vitamin A. 

Hays and rougha^ges contain the antirachitic vitamin, 

Vita.min F of these feeds is closely associated with ultra-violet 

rays, Bethlce et al (12) found t)iat the antirachitic potency 

of hays is related to exposure to sunlight, Hess and Weinstock 

(13) found that wheat grown in the dark did not contain vitamin 

F, hut when grown in sunlight possessed the .antirachitic vitamin, 

Green plant tissue contains more vitamin F than dried plant 

tissue. However, hays and roughages exposed to such adverse 

conditions as dew and rain lose their vitamin F content in 

proportion to the degree of ex£)osure, 

Fifferent hays and roughages va.ry as to the amount of 

vitamin F present. It is believed tliat alfalfa hay contains a 

more liberal amount of this vitamin than other hays. Although 

hays and roughages are sources, of vitamin F, their content is 

not as abundant as in cod liver oil, Bethke et al (l2) found 

that sun-cured hays contained a too feeble amount of vitamin F 
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to be of importance in sorae classes of livestock. 

Physiological Significejice of IJltra^ 
Violet Light and Vitamin D, 

As pointed out, ultra-violet rays and vitamin L are 

interrelated and have the sarnie physiological effect on the 

nutrition of animals. It may be wall at this point to consider 

these two factors in relation to the mecheinism involved in 

bringing them to a point where they may have a physiologica.1 

potency/. 

Ultra-violet rays are known to penetrate the epidermal 

portion of the skin and to activate a substance associated with 

the cholestsrol found in the natural grease of the skin, 

Rosenheim and Webster (l4) state that cholesterol is contained 

in gall stones, in the sheaths of nerve fibres, in the natural 

grease of the skin, and widely distributed elsewhere in the body. 

Hess, Weinstock and Helrnan (lO) offer the follo¥;ing hypothesis 

bearing on the rela.tion between ultra-violet light and cholesterol 

"As is well known, the epidermal portion of the skin contains a 

large amount of cholesterol. It would seem possible that this 

cholesterol is normally a.ctivated b^'' ultra-violet irradiation 

and rendered antirachitic. The solar rays and similar artificial 

radiation sxe able to bring about this conversion." They 

presuppose that this activated substance of cholesterol is 

transported to all parts of the body by way of the circulation, 

and tha,t unactiva/ted cholesterol is formed in the skin or trans¬ 

ported to it from other parts of the body. 

Vitamin L of foods, on the other hand, is absorbed from 

the intestinal tract and then circulated to all parts of the body. 

Thus it is evident tha.t the antirachitic fa.ctor is made available 
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for use in the body either when the animal is exposed to ultra¬ 

violet light or when vitemin D is ingested in connection vfith 

the daily ration, 

Vitamin D in Relation to Eone 
Development, 

Vitamin D and ultra-violet rays have a definite 

physiological effect on the growt?Q and composition of hone. 

These food factors are primarily concerned v/ith the laying down' 

in the hone of the proper proportion of calcium and phosphorus* 

There are three distinct phases connected with normal 

hone growth. Bones grow in length hy the production of cartilage 

cells between the epiphysis and diaphysisj and in thickness hy 

the growth of the hone from the inner layers of the periosteum. 

At the same time the medullary canal is enlarged in iDroportion 

to the growth of hone? hy the disappearance of the inner layers 

of hone. As normal hone growth takes place, calcium and phos¬ 

phorus are deposited in the Haversian canals, especially at the 

hase of these canals. It is at this point that vitamin D, or 

the antirachitic factor, plays a very important part in the 

physiological growth of hone. As normsil hone growth tahes place, 

calcium and phosphorus are deposited in the Haversian canals as 

calcium salts. However, this deposition ta.kes place only in the 

presence of vitamin D, If this factor is la.cking these salts 

3.re not deposited and, therefore, normal growth cannot take place. 

Vitamin D serves a,s a catalyst. The amount of calcium salts 

depofeited is in direct relation to the amount of vitamin D present, 

at least until an optimum is reached. 
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Causes and Pathogenesis of 
Bone Abnormalities* 

As has been indicated, failure in the deposition of 

calcium salts in the bone may be the result of a lack of 

vitamin D. Due to a lack of this factor, the disease commonly 

known as rickets may result* This disease, or nutritional 

disorder, is prevalent and very noticeable in growing animals 

due to their bones being in the developing stage* Delafield 

and Prudden (l5) state that in rickets all three phases of 

bone growth are defective. At the epiphysial plate microscopic 

examination disclosed irregular and defective arrangement of 

cartilage cells* Some calcium salts are laid down during the 

onset of the disease, but these are not deposited normally* 

The calcium salts that had been previously deposited becsme 

reabsorbed b^^ the blood, from the base of the Haversian canals, 

leaving a meshwork of connective tissue with numerous pores* 

Scattered throughout were a few cartilage cells* This weakens 

the bones so that under the strain of muscles it bends in various 

directions* To compensate for this weakness, the bone becomes 

thicker by excessive growth at the periosteum and the epiphysial 

plate. The bone marrow canal is not enlarged. In rachitic 

animals, the bones enlarge due to this excessive grov/th, the 

the characteristic enlargement at the joints is seen. 

In mature bone, the blood reabsorbs calcium salts 

from the base of the Haversia.n canals. Haxt et a^l (l6) state 

that if the vitamin D factor is absent calcium salts are not 

redeposited, resulting in the disease known as osteoporosis. 

Hon deposition of calcium salts in the bone is 

accompanied by lowered inorganic phosphorus and calcium content 

of the hlood. However, Hart and Steenbock (17) state that 
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a lower inorganic phosphorus content of the blood could not 

be relied on as an index to rickets* 

In view of this thesis being a study of the antirexhitic 

factor in relation to swine production, it would seem well at 

this point to mention a ie\w words regarding rickets in pigs* 

This disease is prevalent in pigs throughout all parts of the 

country during the winter months. The tialady may develop to a 

point where the pig is neither able to stand or to rise, and the 

trouble, unless relieved, destroys the usefulness of the animal. 

This trouble has been referred to by a variety/ of names such as 

lameness, posterior para-lysis, rheumatism, stiffness and rickets* 

llaynard, Goldberg and Tfiller (l8), in their study of "stiffness” 

in pigs, found that the terms posterior para-lysis and rheumatism 

were not good ones to use as they did not find lesions in the 

spinal cord nor rheuma-toid arthritis* They point oiit, however, 

that it is not to be concluded that paralysis and rheumatism 

are not possible causes of "stiffness" in some causes* It is 

now generally accepted that "stiffness" in swine is rickets. 

Elliot, Crichton a.nd Orr (19) give the gross symptoms of the 

disease as slowing of rate of grow^th, lethargy, difficulty in , 

locomotion, shown by a stiff, stilted gait. Later there follows 

loss of power of the hind legs and deformities in the long bones* 

death ultimately follows. The cause of the disease being knovni, 

a- cure was forthcoming. 

Application of Irra.diation and Vitamin D 
10 An i ma 1 nut r i t i 0 n. 

The application of these nutritional factors to 

livestock production is matter of great importance. Luring 

the past few years a considerable volume of experimental evidence 
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has been brought to light on this xjoint* The follov/ing 

references to experimental findings will convey some impression 

of the interest which the a^nimal husbandma.n has in the factors 

under consideration* 

Among the domesticated animals, poultry is probably 

the most susceptible to rickets* This disease is often called 

"leg weakness”* Experimenting with growing chicks, fed a rsition 

lacking vitamin E, and confined indoors, Hart, Steenbock and 

Lepkovsky. (20) showed the^t in a short period of time rickets 

developed and death soon follow^ed* tlien exposed to sunlight, 

however, chicks grew/ normally* By irradiating hens, Ii8-lpin (21) 

wa-s able to maintain egg production* Hart, Halpin and Johnson 

(22) obtained the same result, but they also found that the 

hatchability of eggs of irradia^ted hens was high. The egg 

production and hatchability of eggs of non-irradiated birds 

decreased as the trial vrent on. That the potency of the 

a.ntirachitic factor in eggs is in relation to exposure of the 

liens was the result obtained by Hughes, Payne, Titus and Moore 

(23) * Hart et al (24) reared chicks successfully by the addition 

of vitamin D in the form, of cod liver oil in the ration, Bunn 

(25) raised poultry economically in confinernent, hoth for 

practicc.l and scientific purposes, hy the use of cod liver oil 

in the diet. 

Exposure to ultra^^violet rays has proven beneficial 

in the rearing of goats. By irradiating goats, Hart, Steenbock 

and Elvehjem. (26) changed a nega^tive calcium bale.nce to a 

positive calcium balance. At the same time, the calcium and 

inorganic phosphorus of the blood we.s increased. 
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Early workers "believed that ultra-violet irradiation 

played an important part in the physiology of the dairy cow 

as regards growth^ mil.k production and calcium balance* Later 

v/ork^ howevei-j does not bear out this supposition* Gullickson 

and Eckles (27) raised calves successfully in confinement. 

Hart et al (28) experimenting with dairy cows in confinement 

stc.te the followings- 

1* Ultra=violet light has little3 if any^ direct 

influence upon the calcium and phosphorus metabolism, 

2* Ultra-violet light has no influencej either fa,vorable 

or adverse5 upon the milk production. 

3» Ultra-violet light has no apparent influence upon 

the calcium and phosphorus content of milk secreted. 

They suggest that cows derive the antirachitic 

vitamin from the feed. However 5 Steenbock et al (29) found 

that irradiating the cow increased the entirichitic potency of 

the milk. 

Practically no experimental work has been done with 

sheep and horses in regstrd to their connection with ultra-violet 

light and vitamin I). Hitchell and Keith (30) state that sheep 

and horsesj as well as cattle? fed rations containing large 

amounts of good roughage and having excess to sunlight and 

pasture part of the year are in little danger of being inadequate! 

nourished in regard to vitamins. 

Feeding a vitamin D free diet and in confined quarters, 

Ha^me^rd, Goldberg and Miller (3i) produced rickets in pigs 

within four months, but similar pigs exposed to sunlight did 

not develop this condition. They state that winter sunligL.t 

may be sufficient in amount and efficiency to produce the 



1.1 

V- -t; r ; , , uiTOti:. if 1 

ncy-' -rk- ../iJ-’c'!; x£v':i;39": 

■- r. -.lOOl^ .‘^0 TS-YmXi ' ; 

MOV- ; i#-i; , ~ ^ ^05 

o .1 0< 

. I-: ■ 

: "i'l 
f>rr.;r 

i^;, , ; 'Or'. V (yt'' 

,., f V .; : o a.r;t 3^41 
V ■' 

x*' . 

>'^ •*. .f 

rfim 

'..^') 11.' -> * * - 

;:ii- - if. 

‘T/iC 

V, :xk.: a..- -.xioi^u , a J ^ a J, 

/ • ' r v/j :.f.x aXoi: -':-"£7.w Iv ''• ' 'M 

.n.-ix >-. i'ovix; ,-xo 

■ , .. ■• •-!. • rX ; [ «: o.rv'.i:•... : ; 

' ■;'. X{'.. yfr/'f' ; ' i.raOxiC^. 4'.viW ■ J.)■.;■:.>XX:■') OfCX 

■:a ■air.;: ^v-- 

} : v ^ r : ^: ■. il; I'.)- 

:} '.O .. I 

,/r'o*\r; ■ •• ■■'j ' 0.'X'I ■'"', i ,Ct.i. .'.t .'o o X. V" ' :,: 

■ ■■ • _ ^ '■ v,x,;:, 
) ;;. wbo : fi: X.g.;: “X't'i; xxVj- 

,::.X.r..,; oJ..t 

- '.'..-‘Ir 

-j.-r---. •; M-j; 

. ... „.; ;j: • - ■> '''fa -' ? 

J '1 V a ') .x- y 

i:<- \:X.[40,1X0::.■x'l 

. 

, •/ , •: .o--:; '. ■' bn:-> 

"i 

a it:; .i 

.'^i ■ . 

.[ ■; stiv .'.-rax oIX 

^ .: -aOil htm ■§., 

,. I ',1.:-, J vrci'i ‘X003 If; .'XnifOffiB :,;g f 
[,.x \v v.,.-. 

5i , 1*:} i 

r I x, :: 

tt ■ 

■.. ’ •.'■ •; .£.;’ 1 c- 'ii;i:X ‘x>.ii3iSi|: 'a'| 

[■';• C'.^ ■ ■• ■.:■•■■- .ul .a6.'..i.ai.lirc?!’T 

i..X. '-i'/ X ■;i.xX>o'.x -: 

'• 't ;. [[f-'; V , bXBX^v;;^- 

■f ■T'.’j. .'... : . :• ; Jitoa ■ ■■::' ■■ ■; 

■. 'T . ' ■' ■- , V. . o !• • f f'. .■ • r .. . t•»•/'■, -x n l-f ■ Vl'X' 



»19~ 

maximum possilDle effect on assimilation of calcium, and 

phosphorus. The T/ork of Steenhock, Kart and Jones (32) is 

in accord with this statement, jUvvardj Culhertson and Hammond 

(33) found that gains of pigs fed outside were higher than 

those fed inside, although "both lots of pigs had free access 

to sunlight. Accounting for this result, they state that 

sunshine ¥’as responsible due to the fact that the outside fed 

pigs were forced to exposure to sunlight. The feed requirement 

per-one hundred pounds ga,in of this lot was considerably lo^/er, 

this result was corroborated by Bohstedt, Bethke, Edgington 

and Robison (34)* Sy artificial irradiation, Evvard et al 

(35) lowered the feed requirement as compared to non“irradiated 

confined pigs. By exposing pigs to sunlight, Steenbock, Ee.rt 

and Jones (32) were able to increase the calcium and phosphorus 

content of bone ash, and the calcium and inorganic phosphorus 

of the blood. iiaynard, Goldberg and Hiller (18) state that the 

calcium and phosphorus of hone a-sh were higher in the sunlight 

pigs. 

With the addition of witamin B through the medium of 

cod liver oil, Bohstedt, Betlike, Edgington and Robison (34) 

prevented rickets in confined pigs. This is in accord with 

the previous findings of Bohstedt and Robison (36).' In richitic 

pigs, Maynard, Goldberg s,nd Miller (18) alleviated this condition 

by the addition of cod liver oil to the rs.tion. Together with 

this alleviation by the use of cod liver oil, Evvard et al (35) 

increased gains and lowered the feed re.^uirement, Reeding pigs 

on a ration containing cod liver oil, Bohstedt, Bethke, 

Edgington and Robison (37) mainta.ined normal calcium a,nd 



r„: . Ito .roalji. " 

.0 .,ror. ^a. >-..-• wS,Jiia 

ii; '*rCIriO , B/iODOBj'n c 

' ' 's'/ ■ ■ •‘ii IRl' 
• : --r V Oj:;i^u\uo i.-a':,( K ? jl 

J/'~ . ■ ' ' ' ,’ V ^' V.'^'#’ 
:. . ; ' :'-n,,:- ,i ■'tra;I^f^eodr 

■ ' '■ ’■- '•-5^ - '‘ ^ ■ ■ ■ ■' .'"■ ■«! ■ ■ , V ■■;■ 
■ ,. ■s.i.i., ■ : • , '^.' ,^rfj-'-7'«:''''' '''1'' ;'''■ ,-:; 

x .j, y-5^ itiqe oj , 
'■' '■■■*■■■ ■ ■ ■ , ■■ . 

.. *, -J. .'-.■>-/> o;r ;;. u; fcrteri0t:^ '": 

.•t 

: :;r:oo 

^'ii-r-ii;- oS -"t'-.oiix® o'.t t-¥.'.)to t »©S£)y asrq 

.. ■ ' SI ■ . ,. ,.,, -v.jii '■ 

;iC)I a'ai" ':g .ifxV':® ;u>ntto<i (j-ei’torf 9n^tt)<l ;* 

■' ' ' ':'■: ■■''■:,i' '■?''■ ."Skit •''§■' 

'; a»1 ’ «; b 0 ; 

/• . ' "-VV' ■ , ao rd -.ba'X 7; r I /i a 

-n-:it ^ 
V 

t? 

bi-n 7n.a-> a B 

■« - SI 
^*a;Opna' ^ , rVrM£*p0a c:i 

■''.fo--' '.■•■■> bss:‘,-.'to‘U,'s,to'iJifrS ilu»■^^ 'siMJ 

' t^ - ,v " ■ ■' '^C 
, b J'' '■ ^ . ' ' , i- -T7'..,.. ' 

'Iti '» .,'a,-, “n 
, si f 

■^.m;u:. r.j;-5 ■'-.u to C.5.0 dftj- or’ ■GTOai ...j &J.cf:: &i@-k *{■-£,) fsanoT. fins 

Gii.; £.'. r -xoli 

‘10 7 i 

n’i 

.,o •)■)■(■'■-lor I- on- i,o'0X,?-:.> o.rtS’fins , &.C 7riocr „,,^'b 

. ■' ■ W r- ' ■■ '■* 
It ' v '■■ ' r. ■ . 

/j-iad n r,p^ tO: 

^rsr.ri ■-.-•TQV iio^ anodrli) ??n.'frMf0an'-;;ici b’fJiiviTH.rj|^||ia7:,j 
1^=—.. -sj . ■■■■ ‘,1"' - V" '■ ^ .■ , ■ ie-: ^ 

P?SSr' 

,.• ^nc■ ,U.riSJ;.V •.0 iro;.tifii« »ls.5g;;.,V'::fr; 

' ■ ■ ■■■ ■ ■: ■.•«., 

hr. • no; , "4 ,,,bop 

M 

,■: ;c: b0:7:’i:U'O fi.L BJ'i7!:oi:'»• f)1r.'‘-riS'v3‘.tq: ■' 
^,1. , 

m 
0 ^.iU ijaa I va L r ; 

'T7 b'o 'f^V.' . '’jii.'-’L 

i.d n 

r} T-^-r;: n' -bfrt 

i oi r’.'.. •'■7?u: ivQ j ,r i.Oitdipb'o t'SS 

•f [ , bi;0 In. fj‘:!i.r • 

Vi 
d.; '-r nt :' i':.;b 7"^ i*. i ^ a 

-nM'jo'v 

^ .. ...iMk 

• ^ ' .itr - “ ’v-" ‘ ‘ '''*'' ■ 
,r.'-.:.iM''. i.n ■'••i;. bo-fdt. 7.,rd bano ;.'o.r. bn^:^' 
^ ‘ ' .. r, 

•;r7 J>> fiO . t.-. .0 • '■ I: ■ It r .,3; c'{,0 a • p0-i 



-20- 

phosphorus content of the hone and hlood. In the chick lots 

hov/ever, these tY70 mineral elements were reduced as the trial 

proceeded. 

In connection with the winter pig feeding experiment 

carried on at the Uniwersity of Alberta during the winter 

1926-27? the pigs deprived of sunlight made slow gains on a. 

high feed requirements with four out of eight ijigs eventually 

developing Y/ell marked symptoms of rickets. These pigs were 

later exposed to sunlights gains were increa,seds and the 

condition of rickets was cornrjletely aAlevia^ted, 

Ultra-Violet Lignt and Vitamin D 
in Relation to the Growth of 
Fall Fapro¥/ed Pigs . 

The objects of an experiBient condiicted at the 

University of Alberta during trie winter of 1927-28 were as 

follows: 

1, To study the effect of sunlight (ultra-violet rays) 

on the calcium assimilation of fall pigs, 

2, To compare sunlight (ultra-violet rays) and cod liver 

oil (vitamin D) with respect to their antirachitic properties. 

3, To make observations on the calcium and phosphorus 

content of the blood, and bone of pigs with access to sunlight 

and others deprived of sunlight. 

4, To note the influence of sunlight as a factor in 

overcoming general **stiffness” in fall pigs. 

5, To stud.y the influences of temperature on tne rate 

and economy of gains of fall pigs. 
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Pigs Used, 

In this experiment thirty-two pigs, bred on the 

University Farm, were used. Of this number four were 

Tam'worths, eight were Tamworth-Yorkshire crossbreds, twelve 

v/ere Berkshire-Yorkshire cross oreds, while eight v/ere Poland- 

china-Yorkshire crossbreds. Yhe average initial weigrit of 

these pigs was 56.6 pounds, with an average initial age of 

72.6 days. 

Method of Allotment. 

The' allotment of pigs was made on the “litter-mate*^ 

basis, in order to secure as nearly as possible absolute uniforniit-w 

of breeding in the various lots. Bight pigs were placed in ail 

groups. The distribution was made as even as possible with 

respect to size, sex, type and condition. One pig in Lot 11, 

a purebred Tamworth, died tTu^ee weeks after the beginning of 

the experiment from causes not believed to be due to the ration. 

The number of pigs in this lot was, therefore, reduced to seven. 

Rations Fed, 

In this experiment the grain mixture consisued of 

oats, barley and shorts, equal parts, and 5% mixed supplement. 

The mixed supplement contained tankage 2.5 pounds, oil meal 

1.25 pounds and alfalfa meal 1.25 pounds. God liver oil, at ■ 

the rate of ^ pound per 100 pounds of grain mixture, was fed 

to Lot IV, Ground limestone was allowed each lot at the rate 

of 2 pounds per 100 pounds grain. 

With respect to the rations and method of treatment, 

the various lots were dealt v/itn as follow’^s; 
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Lot I - Oats 1, Barley 1, bliorts 1, 5% supplement 
and ground limestone (sunlignt at liberty). 

Lot II - Oats 1, Barley 1, Bhorts 1, d% supplement 
and ground limestone (no sunlight - confined 
to pen). 

Lot III - Oats 1, Barley 1, Shorts 1, 5% supplement 
and ground limestone (sunlight after 
February 15th). 

Lot IV - Oats 1, Barley 1, Shorts 1^ 5% supplement 
and ground_limestone (no sunlight. God 
liver oil.-g- pound per 100 pounds grain mixture). 

In connection v/ith this experiment, indoor self¬ 

feeding was practised in all lots. Salt was available to 

the pigs in all lots, in self-feeders, -^^iater, with the chill 

removed, was supplied tiiree times daily. 

Description of Feeds, 

Oats and barley were supplied by the Gillespie 

Grain Company. They were of standard quality, namely, 2 C.W. 

and 3 C.W., respectively. Shorts was obtained from the Canada 

Biscuit Company. The tankage used was Swift’s Digester, v/ith 

a guaranteed analysis of 50$ protein, 6$ fat, 8$ phosphates 

and 3$ rnaxirrium crude fibre. Oilmeal was secured from the 

Alberta Linseed Oil Company. Alfalfa meal of good quality 

was bought from the forth west hilling Corupany, The limestone 

was secured from the Marlboro Cement Company, Cod liver oil, 

known as commercial crude cod liver oil used by poultrymen 

and livestockmen, was supplied by the national Drug Company 

and the Backus Flour, Feed and Seed Company. 

General Nature of the Kation. 

The ration used in this experiment had a nutritive 

ratio of 1;5.1. Containing animal and vegetable protein, it 
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v;a.s considered adequate from the ste^ndpoint of protein. 

Phosphorus requirements were assumed to he totken care of in 

the grsiin rrixture. The basis of this determine.tion were made 

elsewhere (notably Ohio). To make provision for an adequs.te 

suoply of calcium^ ground limestone was e.dded. As a source of 

sodium and chlorines common salt Y/as fed ’’ad libitum". 

In order to sfudy the mineral intake of the pigs, 

an ash analvsis YYas made of all feeds used. 

Analysis of Peeds 

[ Oats 
j 

Barley Shorts Supplerflent 

1 
\ % Ash 
i 

! 2.78 2.85 
) j 

i 3.85 1 12.73 

knalysis of Ash i ! ■ ’ i 
i i 

f 
1 1 

f 1 

[ 
f 
J 

1 Potash fTC20) 15.76 22.10 ' 30 60 I 7-01 
r Soda (llafO) 4.50 5.60 i i 2.68 1 2.60 
\ Lime (CaO) 3.83 1 ! 2.43 1 I 2.58 i ; 45,60 
1 Magnesia (MgO) 6.93 1 ' 9.98 1 1 13.15 : I 2.39 
! Iron Oxide TT’e203) i I 0.14 1 i 0.2A- j 0.16 i i 0.10 
! Aluraina (A1203) | .00 1 .00 j ' .00 : ; . 00 
1 Phosphoric Acid (P205) | ■ 24.30 1 15.43 1 48.49 ' 1 38.59 
! Sulphates (S05) 1 0.32 1 ■"o.is ; 0,16 i i 1,72 
i Silica (Si02) 43.90 j 23.50 1.49 1.82 
’ Chlorine (Cl) ' i 0.52 0.42 0.54 0.32 

Carbon Dioxide (C02) | .00 i 
__ J 

.00 ! 

1 
.00 Traces 

In order to determine the degree of purity of the 

limestonej a -sample was analyzed with the following results 

Silica 2.01^ 
Iron Oxide 0,42^ 
Alumina 0*511^ 
Carbonate of Lime 93-53/^ 
Carbonate of Magnesia 2,92^ 
Yegetable l£atter 0, 34,^ 

Since the limestone Y/as rather coarse^ it was deemed 

advisable ,to regrind it. This y/s.s done in the grinding machine 

of the Soils Department at the University of Alberta. A 

physical comparison was afterwards made by means of the soil 
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sieve method, used by the United States Bures.u of Soils for 

mechanical analysis* The following results were obtained 

from ten-gram samples: 

Sieve 
j 
1 Perforation 

i 

Ground 
Limestone 

Heground 
Limestone 

1 1 

i Hot penetrating Sieve 1 
( 

13.71?’ 

1 

0.05? 
1 mm. 21,34,”? 0.0^ _ 

! 2 ! ' ,5 mm. i j 16.615? 0,2 4/o> 

! 3 64 meshes per 1" 14.725? 1 ! 16.805? 

i " 
130 meshes per 1” 33.625? 1 82.96?? 

Method of Housing. 

The pigs were housed in a frame shed 16’ x 3^% with 

pens 9’ 12’, The shed contained two small windows facing 

north, with no other source of light. Thus none of the confined 

pigs had access to direct ultra-violet light. Lot I had a 

runway 3^^ ^ 22’, thus having free access to sunlight. Lot III 

were given the same privilege after L’ebrue.ry Ijth, in a runway 

36’ X 27^ • 

Weight of Hogs. 

Weights Y/ere taken on three consecutive days e:t the 

beginning of the experiment, and the average of these taken as 

the initial weight. The second of these three days was 

considered as the day on which the experiment began, A similar 

method was followed at the conclusion of the exj^eriment, Y/eights 

of three consecutive days being averaged and the second of tlrie 

three days being considered, as the concluding date of the 

experiment. Throughout the experiment, Y/eights were taken 

every seven days, in order to study the rate and econom^^ of 

gains as correlated to temperature. 





Temperature and Sunshine Records. 

At the close of the experiment, da.ta was secured 

from the Dominion ^Teteorological Bureau, Edmonton, regarding 

maximum and minimum daily temperatures and dahly hours of 

sunshine. The average weekly temperatures aind hours of sunshine 

v/ere studied in relation to the performance of the various 

groups in the experiment. Chart 1 indicates the average weekly 

maximum and minimum temperatures and the e^verage v/eekly ^ours 

of sunshine from Hovemher 23rd, 1927? "to March 21st, I928, 

Laboratory Determinations, 

Laboratory v/ork includ-ed determinant ions of calcium 

au-d inorganic phosphorus content of the blood, ash content of 

the bones, Bind caMcium, phosphorus and magnesium content of 

the bone ash, a,t various stages of the experiment. The blood 

and bones were obtained from litter-mai^te i')igs in each lot. 

The determinations made were as follows» 

1. November 17* Blood samples and tv/o metacarpel bones 

from T3igs of each lot for calcium and inorganic phosphorus 

determinations of the blood, and calcium, lohosrjhorus and magnesiu 

content of the bone 8.sh. 

2, December 4, Blood samples taken from the ears of pigs 

for calcium, and inorg0.nic phosphorus determinations. 

3* December 29• Same determinations a.s December 4th. 

4. January 28. Sa^me determinations a^-s December 4th, but 

the blood Yjas taken from, the tails of pigs. 

R. February 16, Same determinations as Janua,ry 28th. 

6. March 19, Same determinant ions as January 28th. 

7. At the close of the experiment, March 22nd, deterinin- 

actions were made as on November 17th, 

Chart I - page 42. 
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These analyses constituted a check on the calcium 

utilization at the various stages of the develoi)ment of the 

pigs on trial. 

Calculation of Data. 

All calculations relating to this thesis have been 

double checkedj andg in the case of errors? triple checked5 

thus avoidings within reasonable human limits^ the element of 

error. 

Results. 

The results of this experiment will be discussed 

under the following headings! 

1. Calcium and phosphorus intake» 

2. Calcium andphosphor us content of the blood. 

3. Calcium and phosphorus content of the bone. 

4. Rate of gahns. 

5. Rate of feed consumption. 

6. Reed requirement for 100 pounds gain. 

7* Influence of temperature on rate of gains end 
feed requirements. 

Calcium and Phosphorus Intalce. 

The supply of calcium and phosphorus for assimilation 

in the bone is related to the intake of these two mineral elements 

contained in the ration. If the calcium and phosphorus content 

of the ration is in abundance, then any noticeable variations 

occurring in the calcium 8.nd phosphorus content of the blood or 

bone, or bone ash, Eire assumed to be the result of the presence 

or absence of the antirachitic factor. The calcium and phosphorus 

intake of the four lots of pigs in this experiment are shown in 

table IX 
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Talale IX = Calcium and i-’hospliorus 
Intake® 

1 

JTo* 
;of pigs 

Per 100 pounds 
live Y/eight dehly 

Total consumed 

Ca* ■?. , 
L..... . ..-.i 

1 Ca* ?* 

i TPds. , ^Chs.* . i ITbs * “Lh si 

•Lot T “ sunlight 7 i I *04300 .02584 ! 1 4§*48 26.79 
Lot II no sunlight 6 1 j *04402 .02628 i 39^15 23.04 

Lot III “ sunlight i 1 

after Feh*l5 i 7 1 *04196 .02482 1 44*16 26.25 
Lot IV •= cod liver i ! 1 1 1 

oil I ^ 
j ^04153 .02422 1 44.86 ' 26.39 

It is noted that the calcium and phosphorus intake 

of the various lots is approxima.tsly the sama with respect to 

the total anount consumed per pig and per 100 pounds live weight* 

The ca.lcium and phosphorus ra.tic:- of the raction fed 

in this experiment is found to he 1*7-"to Ij wdiile the calcium 

and phosphorus ratio of the hone and the hlood determinations 

is shown to he 2 to 1* 

Since the calcium a.nd inorganic phosphorus content 

of the hlood constitutes the suproly of these two elements 

available for hone huilding^ aaid since it has heen established 

(3S) that this content is correlated to the condition of rickets? 

it was thought well to make determinations from hlood samples 

of litter mate pigs® The results of these determinations are 

shoY/n in the following tables? 
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TalDle I Calcium and Phosphorus Content 
of Blood in Lot I (sunlight). 

Bate Pig ITo. Ca. 

November 17 484 14.41 5.71 
December 4 487 1 13.40 5.46 
[December 29 487 ! 14.47 6.52 
January 26 487 14.40 1 5-40 
Pebruary I6 487 13.20 i 6.14 
jlviarch 15 835 16.05 1 6.90 
March 23 835 15.69 1 6.98 

1 

[Average 14.517 j 6.158 

Table II “ Calcium and i-hosphorus Content 
of Blood in Lot II (no sunlight)* 

B^te Pig Ho. per '1' 00 cc. blood serum 

\ 

Ca. p. 

? 
i 

ITovember I7 

i 

489 ! 

1 

14,01 5.60 
iBecember 4 483 ! 15.04 5.48 
’January 3 483 15.97 5.44 
1January 26 483 1 15,40 5.06 
|pebrua.ry 16 483 I 15.28 ; 7.50 
March 1? 833 i 15.19 1 1 7.68 

»M0.rch 23 833 i 14.84 
! 

1 6.64 
I t 

[Average 
1 ^ ._J 

j 15.104 1 6.514 

and 
Table III - CalciunyPhosphorus Content of 

Blood In Lot III (sunlight after 
Pebruary Ijth). 

Bate Pig Ho. Mgm. per 

Ca. 

d-Tovember I7 486 16.11 
1 Beeember 4 
IBecember 29 

490 
, 490 

16.11 
16.58 

■January/’ 26 490 16.00 
!Pebruary I6 ! ! 490 ! 1 15.50 
hvlarch 15 1 836 ' 13.95 
March 23 ! 

1 
1 836 13.10 

Average 1 15.335 

6.15 
6.30 
7.82 
5.02 
^.94- 

9.28 
9.36 

7«124 
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Tatle IV - Calciun] and Phosphorus Content of Blood 
in Lot IV (cod. liver oil). 

Date Pig ITo, Ivigm. per 100 cc. blood serum 

Ca. P. 

ITovember I7 492 14.50 5.78 
December 4 488 14.04 5.10 
December 29 488 15.47 8.28 
January 26 j 488 15.50 5-66 

jFebruary I6 488 15.60 7.32 
March Ij I 839 1 14.99 7.14 

[March 23 | 
f 1 

839 j 15.68 9.58 

j Average 15.111 6.960 

A condition v/hich presents itself at the outset in 

considering the calcium and inorganic phosphorus content of 

the blood is the part which individuality ma^' play. Litter- 

mate pigs? newly” weaned, anid from which blood samples were 

taken,on ITovember lyth, show calcium contents of 14.41, 14.01, 

l6.11 and 14.90 in Lots I, II, III and IV, respectively. This 

occurrence makes comparisons on the beisis of average composition 

by lots unreliable. It would appear that the only reliable 

method of comparison v/ould, be on the basis of a percentage 

increase or decrease in the calcium a.nd phosphorus content of 

the blood of individual pigs in the various groups from which 

blood S8.mples were taken 8.t different dates. Considering pigs 

ITo. 487^ 483j 490 and 488 in Lots I, II, III and IV, respectively, 

it is found that the calcium content of the blood in Lot I 

decreased 1.49,^ between December 4th end February l6th, increased 

1*59/^ in decreased 3*7^^ in Lot III, end increased 

11.11/9 in Lot IV. The decrease in Lot I and the increase in 

Lot II are difficult to explain. Individuality may have played 

an important part in connection with this occurrence. The 
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slight 1.2/ decrease of 3*7^^ might he regarded as 

more significant s.nd would seem to indicate a tendency toward 

a reduction in the csilciurn supply in these pigs deprived of 

sunlight to .l'ehruar2^“ Ijth. The most marked variation occurs 

in Lot IV5 fed cod liver oil, where an increase of 11*11^ in 

the calcium content of the blood took place. Considering the 

phosphorus content of the blood of these pigs, it is to be 

noted that the same general trend is followed. In Lot I 

an increase of 12.64^ occurred, in Lot II an increase of 

in Lot III a decrease of 5*71%? s.ncl in Lot lY an increase of 

43.5^/^* The increase of 43®5T7j in the phosphorus content of 

the blood from the x^ig in Lot IV is the most notable occurrence, 

and, when considered in conjunction with the increase in the 

calcium content, would indicate that vitamin D as obtained from 

the cod liver oil vms the factor responsible for this increase. 

Composition of the Bone Ash. 

The percentage of ash in bone is an indica..tion of 

bone strength, and is a reliable guide as to the utilization 

of mineral, elements in bone development. Variations in calcium., 

phosphorus and magnesium content of bone a^sii indica.te varj^'irig 

degrees of utilization of the volume of these elements which 

was available for assimilation. In order to study the effect 

which the experimiental factors under considera.tion had on the 

comToosition of the bone in the various groups, ash determination 

were made from litter“mate pigs. The results of these analyses 

are shown'in the following tables» 
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Table Y - Bone Analysis. Lot I (sunlight). 

Bate Pig ITo. Ash Ca. p. Mg. 

% 
1 
1 November 17 4-84 ■54.09 36.13 18.75 .861 
1 February l6 487 60.61 38.87 |18,44 ■ .737 
1 March 23 835 62.67 38.44 p.8,52 .746 
1 
1 Average 
'i 

1 
i 
! I 59.123 37.813 j18.570 .781 

f 

\ i i L.-_L 

Table VI - Bone Analysis, Lot II (no sunlight). 

Bate Pig ITo, Ash 

! 

Ca. p. 

% 
Of /O A i 

1 
i /° 

November 17 489 53.65 36.50 18.90 ! .789 
February 16 483 59.91 38.90 I 118.12 ! I .768 . 
March 23 833 ; ; 61.58 37.50 18.32 .712 

1 Average 

j 
1 

58.38 37.633 18.446 • 75b 

Table VII - Bone Analysis. Lot III (sunlight 
after February■l^th). 

Babe ^ig ITo, Ash Ca, 47 9 Mg. 

November 17 
February I6 
March 23 

Average 

486 
490 
836 I 

1 

o1 
/o 

53.70 
61.40 

: 63.26 

59.453 

36.68 
.38.37 
37.B5 

37.633 

19*07 
18.49 i 
18,84 i 

18,80 

p 

.793 . 

.808 
i .919 
! .840 
I , 840 
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Ta^ble VIII - Bone Analysis. Lot IV (cod liver oil). 

Bate Pig Ifo. Ash C a • P. Mg. 

^ ..- _, 

i 5? % i 

ITovember 17 492 52.10 36.67 1 18.53 j .803 
February I6 480 1 ! 61.06 I 1 39.04 i 18.22 .753 
March 23 839 ' 61.54 j 37.90 1 18.50 .820 

Average 58.20 37.936 

L 
j 18.416 .792 

The percenta^ge of asli of the hones in all lots is 

remarkably uniform, a.nd in comparing these ana^lyses 7/ith those 

obta.ined by other Y^orkers (37) i't ^iiay be ststted tha.t ash per¬ 

centages rs^nging from ^8 to 5*9/^ indicaf&e good assimilation and 

very acceptable strength of bone% hone of the bones taken from 

pigs at the conclusion of the experiment (March 23rd) indicate 

a-ny mineral deficiency or tendency/ toY/ard faculty assimila.tion. 

Vhile it has been pointed out that individuality undoubtedly 

pla.ys some part in determining: bone composition, it is of 

interest to compare the rate of increase of the percentage of 

ash in the bone hetween the initia.l and final dates of the 

experiment. The percentage of ash increased in Lot I, 

14.78^ in Lot II, 17.80^ in Lot III and l8.12;^ in Lot IV. The 

smallest increase took place in Lot II where the pigs were 

deprived of sunlight during the entire experiment, and the 

largest increase occurred among the pigs in Lot IV receiving 

cod liver oil. So far as the calcium content of the bone is 

concerned, the greatest increase occurred in Lot I where the 

pigs were allowed access to sunlight, with the smallest increase 

in Lot II where the pigs yvere deprived of sunlight. steady 

decrease in percentage of phosphorus is to be noted in all lots 
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as the pigs increa.se in a^ge* This decrease was greatest in 

Lot II, and lowest in Lot IV. The magnesium content of the 

bone does not seem to showany consistent trend with advancing 

age, and the percentage of increase or decrease cannot be 

related to any experimental factor, Vith regand to the 0.sh 

analyses in connection with this experiment, it cannot be 

said that any outstanding differences a.re in evidence. All 

lots sho?7 a high ash percentage. The 'percentage of calcium 

by lots is remarkably consistent, and the same msij be said 

with regard to phosphorus. 

It v/ould appear that the ration used in all lots 

had a high degree of antirachitic potency, and this condition 

overcame the x)ossibility of the ultra=violet rays of the 

sunlight and vitamin D of the cod' liver oil exerting 8,nj 

marked influence. 

Hate of Gains. 

The rate of gains made by the pigs in the vanious 

lots is shown in table X. 

Table X “ Average Daily Gain per Pig, 

Lot ITo. Average da.ily gain 

i 
j 
’ Lbs, 

I 1 [sunlight) 1 1 1.10 
II ! [no sunlight) J i 1,06 
Ill ( [sun1ight after P eb.15 / 1.12 
IV i [cod liver oil) l.l8 

The highest average daily gain was made hy the pigs 

in Lot IV receiving cod liver oil, being 11,32/^ higher than 
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tlie gains made by Lot IIj the lowest of the four groups. 

Although the gains made by the pigs in Lot 15 hau?'ing free 

access to sunlight? were higher than those of Lot 11? deprived 

of sunlight, they were not n.s high as the gains made by the 

pigs in jLot TV, receiving the counterpart of sunlight? namely? 

vitamin L of the cod liver oil. This result was probably due 

to the fact tlmt the pigs in Lot !?_ having free excess to a 

runway, were encouraged to take jDlenty of exercise, a condition 

which might tend to somewdis.t lower the rate of gains. The 

average daily gain made by the pigs of Lot III, deprived of 

sunlight till.February l^th, is somewhat higher than that made 

by the pigs of Lot I, This is probably due to the pigs of 

Lot III being in confinement during the larger part of the 

experiment? and thus held more closely to the feed supply which 

w:,.-s available at all times in a self-feeder. 

In order to obtehn & more detailed conxarison of the 

rate of gains made by the various groups? fourteen day weights 

of five pigs carried throughout the experiment are plotted 

on Chart II* Of particular interest is the fsxt that the gains 

are remarkably uniform in a.ll groups. The rate of gahns' of the 

pigs of Lots I? II and III is Yevj close, while the gains in 

Lot IV were considerably higher, being 14,53/^ above those of 

Lot X at the close of the experiment. 

Although the average initial weights of the groups 

were practically the same, the rate of gain in the cod liver 

oil group was not only higher than in the others, but was the 

most consistent. The gains of Lot' I were fairly consistent 

throughout the experiment, while the gains of Lot II, deprived 

of sunlight, showed a tendency to fall off eit the latter part 

of the experiment. The gains of the pigs of Lot III after 

Chart II - page 43, 
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exposure to sunlight hegari to increase slightly, prohahly 

due to the heneficial effect of sunlight. 

The consistency of the rate of gains of each group 

seems to suggest that the hasal ration used in all lots had 

a. high degree of the antirachitic potency. 

Rate of Reed Consumption. 

The average daily feed consuraption, based on 100 

pounds live weight of pig, is shown in table XI. 

Table XI Average Daily Reed Consumption, 
per 100 Pounds Live Weight. 

j Lot R-q. Average Daily Reed Consumption 

P ’’ " 

1 . 
LIds . 

i 
j I (sunlight) 4.31 
> II (no sunlight) ■4.38 
’ III (sunlight after 
1 Reb. 15) 4.15 

! ” 
4.08 

The average daily feed consumption per 100 pounds 

live v/eight of Lot II v/as the highest, tha.t of 4^3^ pounds, 

followed by Lots I, III and IV ¥/ith a daily consumption of 

4.31# 4^15 and 4.08 pounds, sespectively. The avers.ge daily 

feed consumption is rela.ted to the average daily gains. Of 

particular interest in this experiment is the fa.ct that higher 

gains v/ere made by the lots having a lower daily feed consumption 

indicating a high degree of utilization. 

Reed Requirements per 100 Pounds Gain. 

It is well hno^/n tlmt normal growth of pigs results 

from good feeding and proper physiological activity within the 

body. These two factors working together result in a condition 
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generally spoken of as "thrift". It has been well established 

that any physiological derangement has a tendency to produce 

"unthriftiness". This condition is correlated with the feed 

requirement. A high feed requirement indicates a. low degree 

of utilization of the food consumed, and a low feed requirement is 

indicative of a high degree of utilization. The feed requirements 

per 100 pounds gain of the pigs in this experiment are shown 

in table aII. 

Table XII = Feed Requirement per 100 
Pounds Ga.in. 

Feeds Lot I Lot IT Lot III Lot IV 

sunlight no 
sunlight 

sunlight after 
Feb, 15 

cod liver 
oil 

Lbs. Lbs. 
1 
i Lbs, 
j 

Lbs. 

Grain 455.61 473.46 434.34 416.70 
Mixed supplement 24.00 24.90 22.84 21.94 
Limestone 9.6. 1 9.96 9.14 8.77 
Salt 1.39 i 1 l>94 1.25 1,49 
Cod liver oil ...... ( . 2.20 

1 Total 490.60 

j 

510.26 

1 . 

467.51 

i: 

451.1 

The feed requirement i)sr 100 pounds gain was highest 

in Lot II, folloY/ed by Lots I| III a-,nd' IV, respectively. Lot 

II, confined indoors, had a higher feed requirement of 13*11^^ 

as compa.red to Lot IV, and 4.07^ higher than Lot I which had 

free access to sunlight. It is evident, then, that Lot II did 

not utilize the feed as efficiently as the groups exposed to 

sunlight or receiving vitamin I) of cod liver oil. It is'well 

to note that Lot IV, confined indoors but fed cod liver oil, 

had a low feed requirement, namely, 4^1*1 pounds, a figure 
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which indicates very economical production. Lot I, receiving 

sunlight, had a feed requirement per 100 pounds gain of 490,6 

pounds, which is somswhet higher than that of cod liver oil 

group. However, this ma,y he due to the fact that the pigs 

having free access to sunlight and alloY^ed a runway required 

more food to maintain body energy lost through exercise. 

As regards feed requirements per 100 pounds gain 

of the groups under consideration, there is an indication that 

tiltra^violet light and vitamin B of *cod liver oil tend to 

promote better physiological activity, thus resulting; in more 

efficient utilization of the feed consumed. 

Influence of Temperature on the Rate of Gains. 

It has been the general opinion that pigs make slower 

gains a.nd require more feed to make growth in cold weather than 

in mild weather. It W8.s, therefore, thought well to give this 

matter some consideration in this experiment. The average 

weekly gains of the individual lots in relation to the average 

Y/eekly temperature are shown in chart III.* From a study of the 

chart, it was found tiic.t the pigs in Lot I, having access to 

sunliglit, rnaxle higher gsmns during the colder weather 8.nd lower 

gains during the mild weather. This e.ccurred during 11 weeks 

out of the 17 weeks tha,t the pigs were on experiment. Identical 

results were found in Lots III and IV, The relation noted was 

not so marked in Lot II, where gains were higher during the 

colder Y/eather in 9 v/eeks out of the 17 ^-©eks of the experiment. 

It Y/ould appear that during the cold weather there is a tendency 

toward higher gains, with loYirer gains being registered during 

periods of higher temperatures, 

*Ghart III - 'page 44. 
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Tiie influence of Temperature on the 
Feed Requirement per 100 Pounds Gain, 

The influence of temperature on the feed requirement 

per 100 pounds gain of Lots I, II, III and IV is shown in 

charts IV, V, VI and VII, pages 45, 46, 47 and 48, respectively. 

From a study of these charts it , is shov/n tnat during the warm 

\ueather the feed requirement is increased, and that during 

cold spells the feed requirement is lowered. This condition 

is more marked in Lot IV, fed cod liver oil. In cold spells 

the pigs were not inclined to exercise, and were usually found 

close to the feed supply. Since the basal requirement is not 

necessarily increased during cold weather, it would seem 

reasonable to assume that a high intake over and above the 

basal requireBient would result in greater returns in body 

growth on the feed consumed and, therefore, a loviier feed 

requirement per 100 pounds gain. 

Burnmary. 

The fact that the pigs in this experiment were 

generally thrifty indicates that the basal ration could be 

regarded as satisfactory for fail farrowed pigs. That the 

ration was reasonably adequate from the standpoint of the 

antirachitic factor was evidenced by the good grovsrth and 

general thrift of the pigs and by the increase of the calcium 

and phosphorus content of the blood and bone ash as the trial 

proceeded. These determinations shov/ed that normal bone growth 

took place. 

That vitamin D of cod river oil fed in the ration 

had a beneficial effect is shown by the fact that when added 
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to the feed allowance of confined pigs the gains v/ere higher 

and the feed requirement per 100 pounds gain lovirer as compared 

witn pigs in confinement and receiving the basal ration only. 

In addition to these beneficial effects, cod liver oil feeding 

manifested itself in a condition referred to among livestock 

men as "bloom”, It was noticeable tlu^oughout the experiment 

that the pigs fed cod liver oil appeared more tiirifty, smoother 

in the skin, and more lustrous in the hair. At the close of 

the experiment, the condition, finish and general appearance 

of tnese pigs was superior to that of the pigs in the other 

lots. 

That ultra-violet rays exert a beneficial effect 

Was indicated by the nigher rate of gains and the lowering of 

the feed requirement of pigs exposed to sunlight as compared 

to pigs in confinement. The rate of gains of pigs in confinement 

was increased when the pigs were exposed to sunlight, an 

occurrence which adds ¥/eignt to the suggestion that sunlight 

exerts a beneficial effect. It was noted that pigs receiving 

sunlight showed greater indications of thirift in skin and hair 

than the pigs which were d.eprived of sunligiin during the 

experiment. 

Since the pigs on the basal ration not receiving any 

special antirachitic treatment made satisfactory growth, it 

would appear that the results obtained were due, in part, to 

the vitamin D content of the alfalfa meal, and the availability 

of the calcium and phosphorus of the ration. It would appear 

that the ground limestone containing 93,53% of calcium carbonate 

provided an ample supply of calcium in a readily available form. 
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These two factors working in harmony prevented any physiological 

di s or der s , 

periods of low temperature did not apjoear to exert 

a depressing effect on the rate of growtn of pigs in this 

experiment. On the contrary, during periods of cold weather 

gains wei'e increased, and the amount of feed required for 

growth was reduced. Phis result suggests that ordinary Alberta 

winter weather snould not be a limiting factor in fall' pig 

production. 

Conclusions. 

From the foregoing data and comments the following 

conclusions may be dravm: 

1, file basal ration used in this ■ experiment contained 

sufficient calcium and phosphorus and sufficient of the anti¬ 

rachitic factor to prevent »stiffness" in fall pigs. 

2, Supplying vitamin D in cod liver oil resulted in an 

increase in the percentage of bone ash, and an increase in the 

percentage of calcium in the bone. 

3, Exposure to sunlight increased the percentage of bone 

ash and percentage of calcium, although the increase was not 

as marked as when cod liver oil was fed. 

4, While there was some variation in the percentage of 

bone ash in tne various groups, all lots yielded what might be 

regarded as normal growth. 

5, Calcium and phosphorus were present in tne bone in 

the ratio of 2:1, and in the ration fed in the ratio of 1.7:1. 

6, Calcium and phosphorus determinations on blood samples 

did not yield results tnat could be regarded as suggesb?^ve. 
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Individuality appears to play an important part in this 

connection, 

7. God liver oil tends to exert a more 'beneficial 

effect on "Winter grown pigs than exposure to sunlight. 

8. Vitamin D of cod river oil and sunligiit promoted 

an increase in gains and made for a lo'wer feed requirement 

as compared witn pigs on the 'basal ration only. 

9. Cod liver oil fed at the rate of ^fo had a replacement 

value of 43.7p per pound, or §3.75 per gallon. It v/as actually 

purchased at a price of §2.00 per gallon. 

10. Ground limestone fed at rne rate of 2 pounds per 

100 pounds of the grain allowance seemed to constitute a good 

source of calcium supply. 

11, More rapid and economical gains were made during 

periods of low temperatures than during mild v/eather. 
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Chart I - Average vyeekly MSiXiimim and Minimum Temperature 

and 

Average Meekly hours of Sunshine. 
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chart II - Comparative Kate of Gains Kased on 14 day 
Weights. 

Lots I, II, III and IV 
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Chart III - y^eekiy Gains in Kelation to average 
Weekly Temperature. 

Lots I, ll, ill and IV 
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Ghart IV - Feed xtequlrenient. Feed Gonsuiiiption and 
Gains in delation to leriiperature. 

L/Ot 1 - Exposure to Sunlight 
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Glaart V - Feed rlequlreraeni:, Feed Consumption and 
Gains in xdelation to iernp©nature. 

Lot I - No Sunlight 
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Chart VI - Feed liequirement, Feed G on sumption and 
Gains in Relation to Temperature. 

Lot III - Sunlignt after February 15 
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Chart VII - Feed Requiremem:, Feed Consumption and 
Gains in Relation to i'emperature. 

Lot IV God Liver Oil 
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