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CLAIMS TO ORIGINAL RESEARCH 

1. Comprehensive statistical comparisons of four criteria of 

calcification in the chick assay tor vitamin D have been 

undertaken. 

2. Comparative studies of diets. based on the A.o.A.c. diet with 

varying amounts of calcium and phosphorus, have been made. 

The curative feeding period has been compared with the preven

tive period using several diets. Further studies have been 

carried out on the ettect ot breed of chicks. 

3. The validity and advantages of the calculation of error tram 

the variation of replicated group means has been established. 

4. The sources ot variabili"b.r in the response of chicks over a 

period of time have been studied and suggestions made for a 

more reproducible assay. 

5. From a consideration of the above factors a modified procedure 

employing appropriate statistical criteria. has been proposed. 

6. A comparison has been made of tour methods for the cl1emica.l 

estimation of vitamin D. Some sources of error have been 

pointed out and suggestions have been made tor more critical 

study. One method has been made much more sensitive. 
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THE CHICK ASSAY FOR VITA!ITN D 

AND SOME OBSERVATIONS 

ON THE CHEMICAL METHODS FOR ITS DETERMINATION 

INTRODUCTION 

Knowledge o£ the importance or a nutritional factor in 

the etiology of rickets may be said to date from the pioneer work 

of Mellanby in 1919. The therapeutic value of fish oils tor 

rickets. although recognized for centuries~ was shown to be due to 

a factor quite distinct from vitamin A. The exact identity of the 

factor. however~ was obscured for some time when it was found that 

sunlight and ultraviolet irradiation also had curative effects. 

In 1926 accidental discovery of the role of cholesterol and relat

ed sterols made it possible to conclude that sunlight and cod 

liver oil cure rickets because sunlight produces in the skin the 

sarne (or a similar) vitamin which cod liver oil provides ready 

made. 

Livestock confined under artificial conditions have a 

high requirement for the antirachitic factors. This is especially 

true tor poultry and it was demonstrated as early as 1922 by the 

Wisconsin group that chicks oould be kept healthy in confinement 

much longer when fed fish oils. Because of the long winters in 

Canada the use of vitamin D for poultry is of prime importance. It 



2. 

has been responsible for changing the industry fram a seasonal to 

an all year basis. Research has shown that various forms of vita

min D differ widely in their antirachitic potency when fed either 

to the same animal or to different species. Thus vitamin n3 is 

approximately equal in activity to vitamin n2 when fed to the rat. 

but tor the chick vitamin n3 may be 100 times as potento This 

makes it necessary to employ different assay techniques for mammals 

and poultry. This thesis concerns only vitamin D as applied to 

poultry. 

It is interesting to note that in spite ot tl1e volume of 

research which has accumulated on vitamin n. comparatively little 

is known regarding its fundamental action. Possibly less is known 

of its chemistr.y particularly in relation to its estimatio~ As 

the biological method is the final criterion of vitamin D activity 

its lack or precision and other disadvantages has delayed the develop

ment of chemical methods. The ~portanoe of biological research in 

this field is. therefore, twofold. 

Accordingly. studies have been undertaken on the biologic

al estimation o£ vitamin D with chicks with a view to developing 

new and simpler teclmiques and improving existing ones. Preliminary 

investigations have also been made of chemical procedures. It is 

the purpose of this thesis to report the results or these studies. 



PART I 

THE CHICK ASSAY FOR VIT.AMIN D 

REVIEW OF LITlmATURE 

The vitamin D potena.y ot a preparation is determined by 

comparing the calcification ot animals fed this unknown prepara

tion with those ted a known vitamin D standard. Up to 1928 the 

rat was used exclusi~ly as the experimental subject. Calcific

ation was assessed by the ash per cent of the tibia or femur, or 

by the width of the zone ot recalcification in rachitic tibia or 

femur as determined by the line test or by x-ray diagnosis of 

these areas. About this time Dr. carrick o~ Purdue University 

found that a solution of irradiated ergosterol (D2) produced no 

healing ot rickets in chicks although it was active for rats. 

(Bills. 1935). This observation was checked~ others. e.g., 

Massengale and Nussmeier (1930); Hess and Supplee (1930). 

From the results of this work it was definitely established that 

acti'VB.ted ergosterol was comparatively inactive tor the chick. It 

was also evident that any vitamin D supplement intended tor poultry 

would have to be tested on poultry- to determine ita actirlty for 

that species. A test with chicks was the most feasible solution. 

The problem ot finding the best and simplest criterion ot 

calcification then arose. tn 1931 Hart. Kline and Keenan proposed 
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a method based on the use of the ash per cent ot tibia. Subsequent

ly various other criteria were suggested• including radiographic 

methods. body weight increase. and per cent ash of toes. 

(a) METHODS 

1. Tibia Ash 

The first reported work on this method 11'8.8 that of Hart. 

Kline and Keenan (1931) who proposed a diet for the production ot 

rickets in chicks. This ration is very similar to that reconnnended 

by the present A.o.A.c. (1940) tentative procedure. They used the 

ash per cent of the dr,y £at-free tibia as the criterion of calcific

ation. Griem (1932). the associate referee of the A.o.A.c., proposed 

a preventive method tor the detection of cod liver oil in teed mix

tures. The unlalown oil was fed at levels of 1/8, 1/4, 1/2 per cent 

and the calcification of the tibiae compared with that or other 

chicks fed a cod liver oil of known potency. The chicks were fed in 

groups or six or more for five weeks when they were killed and the 

tibiae dissected. cleaned. extracted and ashed. 

Griem in 1934• after further experience with this proce

dure. suggested that it be officially recognized by the A.o.A.c. As 

a result of collaborative studies. e.g •• Lachat (1935, 1936a),Griam 

(1938). considerable standardization of technique was effected in 

the various laboratories with the result that the method became more 

reliable. Following a detailed stu~ of the variability of day old 

to tour week old chicks Lachat {1936b) recommended that ten chicks 
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per group was sufficient and that group ashing could be practised. 

Slight modifications were made (Griem. 1936• 1937b) and in 1937 it 

was recommended (Griem. 1937a) that one group be reserved for neg

ative control purposes and one or more additioDal groups tor each 

oil to be assayed. However. judging by the variability between 

laboratories (Griea. 19S8) and the Y&riation between individual 

chicks (GrieJD.• 1939&) it was evident that enough chicks were not 

being uaedJ nevertheleas. the A.o.A.c. (1940) method still apeci• 

tied a minimum of only one group of twenty chicks on ea.oh oil. Un

less more groups and dosage levels are used it is ot course ~ 

possible to predict with any accuracy the potency of the tmknown. 

!o 1Dsure that all chicks receive the same amount ot 

Titam:ln D. Grab (1936) dosed them individually daily with the vita

min contained in 0.1 ml. oil. McChesney and Hamburger (1940) also 

dosed their chicks individuall:y. In 1940 the A.o.A.c. procedure 

with the addition ot several refinements was adopted as an alter

Dative method by the British Standards Institution. At the present 

time its wide use see~ to be its chief advantage. It is subject 

to Dl8lJY errors. particularly the human one in marrSpulation. It is 

time oonsrmdng and• therefore. costly. It ia. however. as specific 

as ~ method used at present. 

2. Radio~hio Tecbnique 

In 1932 Sohroeder reported results of studies on the 'rlta-

min n assay using an x-ray technique. The x-ray photographs ot the 

tibia-tarso-metatarsal joiDt were compared with a series of standard 
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pictures which were coded numerically. 

Grab (1936) also used x-rays to assess calcification and 

rated his photographs with plus signs. Hal vorson and tacbat ( 1936) 

and Lacbat (1937} used a somewhat similar system but based it on 

the density of the leg bones. All these methods have the disadvant-

age according to the 

standards. 

Olsson (1936) proposed a radiographic method in which the 

actual distance between the tarsal and metatarsal elements (t.m.t. 

distance) is measured in millimeters. This permits more readily the 

application of statistical procedures for the estimation of potency 

and error of the assay. 

ed6 (Olsson 1939a6 b). 

Minor improvements were subsequently report

In 1941 {but not available until September. 

1945) Olsson issued a most comprehensive review of all research up 

to that time including also much new work concerning the estimation 

of vitamin D with chicks and discussed in detail all pl~ses of the 

radiographic method. 

Olsson•s method was recommended as an alternative criter-

ion to the tibia ash by the British standards Institution (1940). 

It was oor,1pared with several other tests by l~cChesney et al. (1940) 

and found to give similar results. Jones and Elliot {1943) have 

studied this method in conjunction with the growth method. Baker 

and Wright (1940) and Olsson (1941) shmved that this method yields 

substantially similar results to those ot the tibia ash method. 



However. the tor.mer authors record the results ot only one test. 

Where indi-vidual data are required tor studying problems 

suoh as the variability or chicks. the advantage ot the radiographic 

procedure is obvious. It eliminates much of the variation in ~ 

ipulation and is more rapid. 

3. Chick Growth 

In ~ laboratories records of obick weights have been 

kept as a check on assays. Some laboratories have recommended the 

use of bod~eigbt tor the calculation ot the results of an assay; 

••G•• Jonea and Elliot (1943) and carver et al. (1939). Jones and 

Elliot claimed it was equally as good as the x-ray teclmique and some

what simpler but Lachat (1936b) did not support this claim. The 

chief criticism of the method seems to be its lack of apecitioity. 

tor growth is affected by so mamy tactors. The varying results ob

tained in different laboratories are undoubtedly due to the type o£ 

diet ted. tor it has been shown in this laboratory (lligiconq and 

Easlie. 194la) that greater growth may or may not be obtained on an 

increased vitamin D intake depending on the calcium and phosphorus 

content of the diet. 

4. Toe Aah 

:More recently Baird and MacMillan (1942) have suggested 

the use of toe ash as a criterion ot oaloitioation. It also haa 

certain advantages over the tibia ash method and for obtai"ing com• 

poaite group data is probably the simplest ot all aethods. Ba.ird 
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and JlacJJiillan suggested extracting and drying the toes as was done 

with tibia. Some time after the present work was begun ETans and 

st. Jolm (1944) and Evana and Carver (1944) substantiated the work 

ot Baird and Macltillan and showed that either the extracted or un• 

extracted toes could be used. In all these papers the number of 

chicks used was 8J1all and no systematic attempt was made to naluate 

the methods statistically. Since part ot this work was completed• a 

more critical comparison ba.a been made by Bliss (1945 ). He obtained 

a high correlation between tibia and toe data and found that toes 

were equally as reliable as tibia in the vitamin D assay. 

s. other Methods 

Various attempts have been made to apply the rat line 

test to chicks. e•G•• Carver. He1ma,n and Cook (1939); Lacbat and 

Halvorson (1937); ucchesney et al. {1940). but it has DeTer met 

with wide acceptance. Probably the chiet difficulty with this 

method was that there is no definite line ot recalcification formed 

in the chick tibia as there is in the rat and consequently measure

meat may be difficult and unreliable. 

The oalcium and phosphorus content of the blood• accord

ing to Lachat and Halvorson (1936c ), and Lachat (1937) were not 

reliable criteria ot the antirachitic activity ot vitamin D aupple

aents. The range between negative and positive controls was too 

narrow. 

rhe possible use of radioactive strontium in the assay has 

been suggested by Weissberger and Harria (1942). The amowrt absorbed. 

which was the criterion, was determined by difference between the 



amount fed by stomach tube and the amount excreted. Vitamin D 

promoted retention of strontium in a. manner similar to that of cal

cium. It is doubtful if this could be readily adapted to routine 

assays. 

The role of phosphatase in calcium. phosphorus and vita

min D metabolism has been studied by Auchinachie and Emslie (1934). 

Its use for the estimation of vitamin D in chicks has been suggested 

by Motzok (1945). However. as phosphatase is affected by many fact

ors other than vitamin D level and is more tedious than other avail

able methods it is doubtful if the method will find wide acceptance. 

(b) FACTORS AFFECTING THE RESULTS OF CHICK ASSAYS 

1. Treatment of Tibiae 

In the original paper by Hart et al. (1931) the chick 

tibia were dissected. cleaned of adhering flesh. extracted, dried 

and ashed at 500° c. until white. In collaborative assays (Lachat. 

1937) it became evident that there was considerable difference be

tween laboratories in their treatment of the bones and suggestions 

were made for standardization of technique. 

It has been suggested (St. John et al •• 1933; Harshaw, 

Fritz and Ti tus, 1934; Johnston# 1942 and Fritz and Halloran. 1943) 

that it would be simpler in cleaning tibia to remove the cartilage 

caps. It would also save time. Whether this procedure would 

greatly improve the accuracy is doubtful and has never been taken 

up by the A.o.A.C. The removal of the cartilage would increase the 
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per cent ash in the bone (Bethlce and Record. 1934). Lachat (1935) 

observed that the removal of flesh from the bones was tacili tated it 

they were boiled in water tor a short time. In 1939 the A.o.A.c. 

(Griem) recommended two minutes but Motzok and Hill (1943) showed 

that one minute was the maximum allowable without influencing the 

per cent ash. Using undissected tibiae Fritz and Halloran (1943) 

claimed tour minutes boiling had no effect. The lack of agreement 

was partly due to the degree of dissection used. 

-~ different methods or extraction have been followed. 

Lachat (1935) found alcohol and ether extractions to be the most 

efficient although Bethka and Record (1934) clatmed alcohol alone 

was as good as the two solvents. In later work Lachat (1937) con• 

firmed his earlier oonclusiona. The use of alcohol and ether was 

also recommended by the work of Dustman (1937) and Motzok et al. 

(1942). Fritz and Halloran (1943) pointed out that carbon tetra

chloride might break up and yield tree HCl Wlder certain conditions 

and consequently would be unsatisfactory. 

As to whether or not bones should be crushed se8118d to 

depend on the length and thoroughness of extraction. Crushing 

has been recommended particularly by Lacbat (1937) and Fritz and 

Halloran (1943) but found unnecessary by Motzok and Hill (1943). 

substantiating data ot this laboratory (lligiconq and .Emslie. 

194lb )• The storage of bones by b-eezing was not recommended by 

Lachat (1936). He suggested that. after cleaning• the bones 
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be held in alcohole Motzok and Hill (1943) found that the bone 

ash per cent was affected by treezing. 

In studying aahing technique tachat {1937) concluded that 

ashing at 600° C. for 18 hours was about the same as 8000 tor 1 to 2 

hours. Motzok and Hill (1943), found 8500 tor one hour to be satis• 

factory. 

Fritz and Halloran (1943) in an attempt to speed up the 

tibia ash procedure suggested that extraction and dr,ytng be el1mju• 

ated and that the green bones be ashed directly. This modification 

offered no great advantage when toes could be used with considerably 

less trouble. 

2. Treatment of Chicks 

RelatiTBly little definite knowledge exists concerning the 

exact effects ot such factors as temperature, lighting and moisture 

content of the air. Ideally' temperature and moisture ahould be 

under control and particularly be uniform throughout the laboratory 

tor all groups of an assay. It has been suggested thaii temperature 

may iDf'luence calcification (Titua 1943). If this is the case 

temperature variations could cause positional differences. 

Frosted bulbs are probably the most satisfactory source 

ot light for Titamin D assay. although the only indication of this 

is the note by Wilgeroth and Fritz (1944). Some laboratories have 

used low illumination or blue lights. other laboratories, however, 

use ordinary untrosted bulbs. Undoubted~ equal illumination of all 
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groups is important especially for feeding. A 12 hour illumination 

day is probably most satisfactory. 

Titus (1943) has recommended that young chicks be taught 

to eat at once so that possible variations in feed and vitamins 

consumed may be eliminated as far as possible. No data are avail

able to judge the advantage of such a procedure. 

The control of feed intake in chick assays would be de

sirable but is rather difficult to accomplish. No data exist on 

the possible effect of this factor. Under present conditions of 

chick assays this could only be applied to groups and not to indi

viduals. How much improvement this would effect is difficult to 

estimate. 

3. Sex of Chicks 

The effect of sex of chicks on their state of calcific• 

ation was one of the first factors studied. Holmes et al. {1932) 

found that at six weeks or age the ash. calcium and phosphorus per 

cent of female chick tibiae were definitely higher than those or 

the tibia from male chicks. At three weeks of age this difference 

was only slight. using X-ray technique on ten week old chicks 

Schroeder (1933) concluded that if the calcification or the female 

metatarsus was 100 that of the male would average 81. For bone ash 

the difference would not be as great. i.e •• 100 to 96. The differ

ence is explained by the existence of a differe~t rate of calcific-

ation in the tibia and metatarsus. 
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Laobat (1934• 1936a• b) and Lachat and Halvorson (1936a) 

found differences in calcification as judged by per cent ash between 

male and female chicks. This effect appeared to 'VarY with the degree 

ot rickets. i.e •• males had higher bone ash at severely rachitic 

levels while the reverse was true as the ration approached normal• 

ity. It is doubtful if sufficient numbers of chicks were used to 

allow definite conclusions to be made. tachat (1936b) concluded 

that in chicks up to three or four weeks of age this difference 

was not great and could be disregarded. This conclusion was sub-

stantiated by Olsson (1941) with X-ray data and by Jligicovslcy- and 

Ems lie (194lb) in this laboratory with tibia ash data. 

4. Weight ot Chicks 

Griem (1939b) • in an outline of the A.o.A.c. method• re-

commeDded that chiclca below the weight ot 100 gm. be eliminated 

trom final calculations. At the time it was thought that this would 

reduce variability as small chicks may not reach the same degree of 

rickets as normal ones. Knudsen and Tolle (1940) studied this pro

blem on collaborative data and tound that in some laboratories small 

chicks gave a higher per cent ash while in other laboratories there 

was no difference. Following a statistical study by' Loy et al. 

(194la) it was decided to include all chicks in assays regardless 

ot size. 

olsson (1941) also noted that the t.m.t. 'V8.lues varied 

with weight when the weights of the groups were equalized at the 
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beginning of the ourati ve period. He found that with this diet the 

mean weight was lower than normal in groups on severe vitamin D 

deficiency and their t.m.t. values somewhat less than they would 

be if their weight were normal. He corrected for this by using 

the formula: 

3Win. • t.m.t. 
2Wm + Wo 

where 1\'in=mea.n weight for normal groups 

Wo = observed weight. 

5. Rachitogenic Diets 

Table 1 outlines the composition of the chief rachito-

ge~~c diets used in vitamin D assays with chicks. 

The diet proposed originally by Hart et al. (1931) is 

still used by the A.o.A.C. with only minor changes. tachat et al. 

(1932) studied a series of thirteen rachitogenic diets and conclud-

ed that the Wisconsin diet was most satisfactory. although only one 

chick in ten was alive at the end of five weeks. Loy et al. (194lb) 6 

Baird and Barthen (1941) and very recently Bliss (1947) tested modi-

fied rations which were considered more complete than the A.o.A.C. 

diet. but the advaJ1tages of the new modifications were not great. 

The position of the response curve may have changed but the pre

cision was not affected significantly. 

Hunter et al. (1932) found that the addition of vitamin A 

to a rachitogenic diet had no effect on the calcification. Minor 

calcitml and phosphorus variations of the basal diet as might occur 



Ingredients 

Corn 
Kiddlings 
casein 
Ground Wheat 
Bran 
Meat Meal 
Linseed Oil Meal 
Wheat Gluten 
Skim Milk Powder 
Soy Bean Meal 
Grd. Alfalfa 
Salt (Iodized) 
caco3 
Cai(P04)2 
Dr ed Yeast 
Oil 
MnS04 

Charcoal 
Bonemeal 
Limestone 

Calcium 
Phosphorus 

14a. 

TABLE 1 

Rachitogenic Diets 

(percentage composition) 

Hart 
Kline Massengale 
Keenan A.o.A.C. Bills 
(1931) (1940) (1936) 

59 57 56 
25 25 --
12 12 ---- -- ---- -- 10 -- -- ---- -- 10 -- -- 10 .... -- 9 -- -- ---- -- --

1 1 1 
1 -- 2 
1 2 --
1 2 ---- 1 2 -- 0.2 --

g./kilo. -- -- --- -- ---- -- --
0.9-1.0 o.1-o.a 1.0 
o.s-o.s 0.7-0.8 o.s 

* Add 4.4% bonemeal to make ea = 1.6%, P = l.()'fo. 

Olsson B.S.Ie 
(1939) (1940) 

36 35 -- 23 
-- --
30 ---- 16 -- 10 -- ---- --
10 8 
16 --

6 5 
1 Oo5 -- ---- ---- --o.s 1 -- --
o.s* ---- ---- 1.5 

0.3* 1.6 
0.4 1.0 
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with different lots of feed were found (Grie.m et al.# 1935 and Supplee 

1935) to have no effect on the results of assays. It has been shown 

in this laboratory (Migicovsky and Emslie 194la) that the calcium 

and phosphorus content of the diet and also the ratio of calcium to 

phosphorus may at certain levels have a considerable influence on 

the difference between negative and positive controls. At other 

levels this influence will not be nearly so marked. Within pract

ical feeding limits the level of vitamin D in the hen's ration does 

not affect the per oent ash in the bones of chicks hatched from 

eggs produced by these hens# (Kline et al., 1935). Motzok et al. 

(1943) found that different types of yeast may cause wide variation 

in growth and calcification of chicks. Fritz and Halloran (1943) 

suggested that the vitamin B complex may be a factor influencing 

calcificatio~ 

Olsson (1941) lists a series of diets which are quite 

similar in calcium and phosphorus content. The composition ot a 

typical one is given in Table 1. For the depletion period he uses 

a diet containing 0.3 to 0.5 per cent of calcium and phosphorus. 

In the curative period the calcium and phosphorus is increased to 

about 1.6 and 1.0 per cent, respectively. by adding mineral supple

ments. By the use or these diets he claims to be able to get more 

complete and rapid depletion than would be otherwise possible. 

The question of diet becomes of considerably more import

ance when assaying feed mixtures for vitamin D potency. Theoret

ically it would be most satisfactory to extract the vitamin with a 



solvent. then feed as an oil in the usual manner. Griem (1935) 

pointed out that this may not be feasible and recommended a dilution 

method. It is obvious. however. that whateTer method is used the 

calcium and phosphorus contents of the diets tor the reference and 

unknown oils must be the same. 

6. Length of Feeding Period. 

The length of feeding period has been subject to change 

ever since Hart et alo (1931) recommended a tive week preventive 

period for their tibia ash method. Lachat et al. (1932) showed 

that the tour week period was as reliable as the tive week period 

and later (Lachat• 1936b) recommended that a three week period be 

used. This was adopted by the .A.o.A.c. the next year (Griem. 

l937b) and incorporated in the latest tentative official method 

(A.o.A.c •• 1945). De Witt et al. (1942) have since suggested the 

possibility ot a two week assay period. Massengale and Bills (1936) 

used a two week depletion and a four week curative period but this 

method was not put into general use. carver et al. (1939) also 

used a curative method but cut the time to one and three weeks. 

None ot this work. however • represents an intensive study ot all 

factors concerned and the adoption of the three week period has 

been largely a matter of convenience. 

In Europe Olsson (1936) studied the calcification ot 

ohicka and concluded that a six week period was most satisfactory. 

tater. olsson (1939a• b) proposed a curative method in which the 
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chicks were fed a Yery low mineral diet (ea and p = 0.3 - Oe5%) 

for the first week and then for the remaining three weeks minerals 

and vitamin D were added. The calcium and phosphorus content of 

the final diet approximates 1.6 and 1.0 per cent. respectively. In 

his comprehensive paper in 1941 he suggests that by using this 

system or feeding it is possible actually to reduce the curative 

period to two weeka without sacrificing the accuracy to ~ appre

ciable extent. 

In adopting Olsson1 s procedure the B.s.r. (1940) use one 

feed throughout the assay. i.e •• one containing about l.S,: calcium 

and l.q% phosphorus. They use a three week curative period tol• 

lowing the one week depletion. Employing their technique. Jones 

and Elliot {1943) compared tour. five and six week old chicks and 

found that as judged by fiducial limits the four week chicks. i.e •• 

three week curative period. were the least variable. The differ

ence was not aigniticaat. 

Baird and Barthen {1941), using the A.o.A.c. diet. tested 

the relative merits of the 3 week preventive and 2 week curative 

types of assay but were unable to show arry difference. 

7. Dose-Response Relation of Vit_~p_D 

The relation between the dose and response has been vari-

ously interpreted by different authors. In America. chief~ because 

of inadequate statistical interpretation. it has been common to use 

the usual dose-response relation. e.g •• Fritz and Halloran (1943), 



Evans and St. John (1944) and Carver. Heiman and Cook {1939). How

ever. Knudsen and Tolle (1940) using collaborative data point out 

that the curve is actually exponential and the log. (dose) relation 

should be used. This was substantiated by Homeyer (1943) using 

data from another collaborative assay (Baird and Barthen. 1941). 

The A.o.A.c. (1940) make no recommendation in this regard. 

Olason (1939a) showed that the relation between log. 

(dose) and response was linear in the t.m.t. method. Baker and 

Wright (1940) found that the use of the log. (dose)-log. (response) 

curve was more satisfactory. It is this system that was adopted by 

the B.s.r. (1940) for the radiographic data. There se~s no doubt 

that the log. {dose) relationship should be universally used. 

It has been generally understood in chick assays as in 

rat assays that the standard should be administered to chicks at 

each assay. However. vassengale and Bills (1936) used a master 

reference curve and more recently Bliss (1945) has shown that for 

his laboratory it is possibly more accurate to use the combined 

slope ot a series of reference curves. Whether these principles 

will tind wide support remains to be demonstrated. 

8. Biological Variation and Statist~cal Interpretation 

Bliss (1941) has stated that a deter.mination of poten~ 

in a biological assay should always include an estimate of its error 

and that no assay with an indeterminate error can be considered sat

isfactory. There is no question of the soundness ot these statements. 



As ordinarilY deter.mined and understood the error ot a 

biological assay is generally calculated from the Yariance between 

individuals receiving the same treatment. Ma.ssengale and Bills 

{1936) and Oser {1939) among others have attempted to estimate the 

variation in this way. However. in comparing assay procedures and 

stmilar work the slope of the response line is ot equal importance 

and should have been considered by these authors. As Tolle (1940). 

Knudsen and Tolle (1940) and Baird and Barthen (1941) have shown. 

there is also considerable ~iation between groups receiving the 

same le~l ot Titamin D. All laboratories have experienced the ~ 

ability to reproduce closely the results ot assays carried out at 

different times. Many collaborative experiments carried out by 

A.o.A.c. and Animal Vitamin Research Council (A.v.R.c.). e.g., 

Baird and B&rthen (1941) have shown that between laboratories there 

is a wide variation even when using feed and oils from the same lot. 

In Tiew ot the importance and nature of the variability in 

chick assays it is not surprising that much of the work recorded 

above is more or less contradictor.y. A great deal ot research has 

been carried out with as ffltr as six chicks in a group and only one 

group on a treatment. The experiment was probably carried out only 

once. The hope ot another laboratory duplicating such results may 

be rather remote and the feasibility ot drawing general conclusiona 

from such isolated experiments is extremely queatioDable. Data ob

tained by the writer have shown that by using as maey- as seven as• 

says it haa been possible to prove statisticall7 that one procedure 
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yielded higher results than another whereas actually no difference 

existed on the examination ot a large DUmber of assays. The 

sampling error in experiments of this type is extremely ~arge and 

must be reckoned with when general conclusions are to be drawn. 

The sources ot this variation are many and Taried. Pos

sibly- the greatest source ot variation is that inherent in the 

chicks themselves, (Baird and Barthen. 1941). O'Neil (1941) has 

shown a family di.ttenm.ce in the calcitication ot chicks and later 

(o•meil 1944) that 'Variations in the ash content ot the tibia and 

toes of da7 old chicks were not correlated. SeX is not likely an 

important factor in three week old chicks, (tachat. 1934). Motzok 

et al. (1943) have pointed out that Leghorns may be more T&riable 

than other chicks and suggested that crosses ot inbred lines be 

used. The lack ot inbreeding in chicks as compared with rata is 

undoubtedly an important .factor but definite conclusions oarmot be 

drawn trom these preliminary experiments. There is also the pos• 

sibility of strain differences within breeds. In tibia ash there 

is the human element in dissection. Lachat and Halvorson (1936b) 

haTe demonstrated a seasonal variation in the response to vitamin n. 

The widespread ocourence ot variation necessitates some 

expression or it in assays. In a veey comprehensiTe study of a 

collaboratiTe experiment Homeyer (1943) recommends the use of an 

expression ot the error ot each assay. In Europe (B.S.I •• 1940• 

olaaon. 1941) somewhat wider use has been made of the estimate ot 

error in chick assays than in America (A.o.A.C. • 1940• Knudaen and 
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Toll•• 1940). However. since this atudy was completed Waddell and 

Kennedy (1947b) have proposed a system ot statistical analysis. 

Olsson in 1939 proposed a s.yatam ot statistical analysis 

and recommended a correction tor varying chick weight. In 1940 the 

British Standard Institution published their specification in which 

validity of the assay could be tested on the basis of the straight• 

nesa of response linea and their paralleli~ It the slope ot the 

log. dose-response curves is not well defined a procedure for oal-

culating the "true" fiducial limits is described. Irwin (1943) has 

also outlined a similar procedure for the true ltmits. 

Bliss (1940) has published a method of factorial analysis 

of the rat assay for vitamin D which yields almost the same results 

statistically as the B.S.I. method. This method is probably simpler 

than the B.S.I. but all groups must have the same number ot individ--

ua.la. This ia often ditticult to obtain in chick assays unless re-

plicated group averages are used. 

As the fiducial limits are iDtluenced to a certain extent 

by the difference in potency between standard and unknown they are 

not entirely satisfactory tor the comparison ot different assays 

and response linea. Bliaa and cattell (194~) have suggested the 

use of the )__ratio, i.e., a~:=: standard deviation. The greater 
slope 

this ratio is the more variable the data and the more unsatistact-

or,y is the response line. 
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9. Sta.Ddard ot Reference 

The u.s.p. reference cod liver oil No. 2 is at present 

used exclusively in the UDited States as a standard of reference 

for chick assay. In Canada the Canadian Standard reference oil 

which is bottled from a sub-lot or the u.s.p. oil is widely used. 

The A.o.A.c. chick unit of vitamin D (A.o.A.c •• 1945) is equal in 

biological activity for the chick to one unit of vitamin D in the 

u.s.p. reference cod liver oil in this method of assay. In Great 

Britain. (B.S.I •• 1940). and SWeden (Olsson. 1941), cr.ystalline n3 

is used as standard. One B.s.z. unit of vitamin n3 activity is 

defined as the specific act1Yit7 ot 1 mg. or the provisional wtan

dard preparation. i.e.. 1 mg. of a solution ot pure olive oil con

taining 0.000025 m.g. of crystalline Ds• Olsson (1941) has recom

mended the use of the "chick unit" (Kttkeneinheit) to be the anti• 

rachitic activity ot 0.01 gamma of pure ceystalline Ds• 

The advantages of cr.ystalline vitamin n3 as a standard 

are obvious. The most important one is that its purity can be 

determined b.y exact ph¥sical and chemical analyses. Studies have 

been carried out in this laboratoey since 1940 to deternd ne the 

relative potency ot the B.s.r. and A.o.A.c. standards. A ·~ 

ot the data indicate that the B.s.r. preparation contains approx• 

imately 1200 A.o.A.c. units per gram. !his would be equivalent to 

48 million A.o.A.c. units per gram or.ystalline Ds• In the u.s. 

the Animal Nutrition Research Council (formerly Ani1181 Vitamin 



Research Council) have also studied this problem. Preliminar.y re~ 

aults were presented by Fritz (1945) in which a potency of 49 mil• 

lion units was assigned to the crystalline product. Jlore recentq 

further data by this group have been reported by Waddell and Kennedy 

(1947a). In separate series of assays 64e7• 53.7 and 58.4 million 

units per gram were assigned to their preparations. Data by Kotzok 

et al. (1947) suggest a value of 52 million units. It seems clear, 

therefore. that the original value of 40 million is too low. Some 

ot the differences in the estimates are undoubtedly due to differ

ences in the purity of the samples as well as biological variation. 

!here is also the problem of a species difference in the 

reaction to the vitamins of fish oils and cr,ystalline D3• For ex

ample Boucher (1944) and Bird (1944) have shown that turkeys do not 

react equally to these products when fed on the same chick unit 

basis. Singsen and Mitchell (1945) indicate that under certain con

d.i tions chicks may not react in the same way to the two sources of 

vitamin. 

Possible disadvantages in the use of vitamin D3 are not 

great and should disappear in a relatively- short time. There seems 

to be some question of stability. In the writer•s laboratory the 

B•S•I• standard has shown in occasional caaea a potency of onl7 halt 

that expected. Discussions with other workers. e.g •• tromAyerst. 

McKenna & Harrison. have suggested similar difficulties. Further

more., the work ot Waddell & Kermedy (1947a) suggest that different 



preparations ot crystalline vitamin n3 may be slightly different in 

potency. These difficulties should disappear. however. when more 

detailed studies are aTailable on the properties of the crystalline 

material. In addition. the possibilities of same of the eaters of 

vitamin D3 must not be overlooked. 

Considered as a whole. there seems no insurmountable ob

jection. with the possible exception of precedent. tor adhering 

further to the system of units tor the expression of potency. The 

use ot actual weights in milligrams or gamma of vitamin n3 would 

put vitamin D nomenclature on the same status as the B vitamins. 

What is more important. it would elim:illate auy necessity of determin

ing the potency ot the pure material in terms of units. 

This review would suggest that while there bave been many 

v.ariations of assay procedure proposed. none ot them are eminently 

satisfactory. There is a lack of comparative data on the methodso 

There is need particularly tor a thorough statistical study or the 

'Various modifications ot most genera.l.ly accepted methods with a view 

to determining the most reliable and simple one. There is also need 

tor studying and elimi21•ting souroes ot error. In view of the scar

city of intor.mation on these problems this thesis has been planned to 

atu~ such factors as relative precision and accuracy ot various 

criteria of response. ~stem ot feeding. (i.e •• preventive and cura

tive). length ot teeding period. effect of diet. and breed ot chicks. 

Particular attention has been given to the statistical interpretation 

of chick assaya and to sources ot variation. 
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EXPERIMENTAL 

The oils used for assay in this study were samples handled 

in the routine work of the Vitamin Laboratory and were represent

ative ot those most commonly used in Canadian poultr,r feeding. In 

most of the assays the unknown oils were fed to three or tour groups 

ot chiolca at each ot two or three dosage levels while the Canadian 

Standard Reterence oil No. 1 was always ted at three levels. The 

dosage levels were spaced at equal logarithmic intervals to permit 

coding tn the calculations. Usually twenty chicks were started in 

each groupo The diet. feeding system and preparation of tibiae re-

commanded by the A.o.A.c. (1940) were used unless otherwise stated. 

In many assays. the toes as well as the tibiae were re• 

moved and X•rays were taken of the tibia•tarao-metatarsal joint. 

The centre toe was removed at the third joint from the claw and 

either wrapped in filter paper b~ groups or tagged individuallY and 

put directly into the extractor. These were designated "extracted" 

toes. "Fresh" toes were weighed in closed weighing bottles and 

then dried and ashed as usual. 'rhe use ot weighing bottles could 

be elimiD&ted by using the dry weight of toes previous to aahing. 

When the va.riabili ty ot response ot individuals was being studied 

the tibiae and toes were ashed individuallyJ otherwise they were 

oo.mposited in groups and aahed as such. 
I 

TM method ot Knudsen and Tolle (1942) was used to cal• 

culate potency from composite data. For individual chick data the 
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B.s.r. (1940) method of analysis was used to calculate the estimate 

ot potency and ita fiducial limits. This was supplemented by the 

X test (" = a/b = standard deviation) ot Bliss and Cattell (1943) 
slope 

to study the precision of the assays. In the B.s.r. method where 

Q2jP (i.e., regression function) exceeds 60 times s2 (i.e •• variance 

tor error) the calculation of potency is similar to the Knudsen-

Tolle method, and the "approximate" tor.mula is used tor the calcul-

ation of fiducial limits. However. where this criterion is not 

satisfied, i.e., Q2/P L... 60s2, a correction is necessary tor both 

the estimate ot potency and fiducial limits. Under these circum

stances. as Irwin (1943) has pointed out, the approximate formula 

not only underestimates the width ot the fiducial range but also 

biases its position. In the comparison of the tour methods describ• 

ed in this paper, because many ot the assays using tibia and toes. 

were calculated tro.m composite data where no correction was possible. 

the approximate tor.mula was employed for the sake of uniformity even 

though the statistical criterion was not always satisfied. In the 

Appendix examples are worked out by the B.S.I. system tor individ• 

ual data and P7 the Bliss (1940) system tor replicate data. 

Radiographic Technique 

x-ray photographs of the right tibia-tarso~metatarsal 

joint were taken of all chicks on the day before killing at 3 weeks 

of age. The radiographs were made on Dupont or Kodak, 5" x 7" no 

screen. tine grain film with a Victor portable model X-ray apparatus. 

The cone of the instrument was fitted with a lead sleeve which 



27. 

reached almost to the film and protected the operator tram excessive 

radiation as shown in Figure 1. An exposure ot one second at 12 

inches. 16 m.a. and K.V. position 2 was found to be most satistact• 

ory. The radiographs were taken through a one inch square hole cut 

in a lead mask under which the film holder was manipulated by means 

of a special frame. With this equipment it was possible to x-ray 

up to 300 chicks an hour. The films were examined under a microscope 

with a 12 x magnification (lower magnification would give equally 

good results) using a calibrated ocular scale with an extended zero 

line. Thls z-ero mark was lined up across the proximal ends of the 

two metatarsal bones and the distance of the tarsal bone read on 

the scale to the nearest 0.06 mm. Prints of radiographs of normal 

and rachitic chicks are shown in Figure 2. the distances between the 

lines being t.m.t. distances. Logarithms ot the t.m.t. distance 

were used tor all calculations unless otherwise mentioned and to 

avoid the difficulty of negative entries logarithms were taken ot 

the ~lues multiplied by 10. With practice it was found possible 

to read 800 radiographs a day with little effort. The suggestion 

ot marking the end of the metatarsal bones with a scalpel under 

naked eye inspection was not found practicable as it could often 

be seen under the microscope that the line was not in the correct 

place. 

It was found in preliminary tests that the t.m.t. measure

ments made by this method were quite reproducible. The results of 
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FIGURE lo Method of x-raying chicks. The lead sleeve is raised 

to show position of the chick leg. 
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some ot these tests are reported in Table 2o It is evident from 

this table that. considering data from inexperienced readers. there 

is a maximum difference of about 10 per cent between the results of 

different readers. There is a difference of 6 per cant between 

readings or the same person before and after becoming experienced. 

These differences would be considerably reduced with experience. 

Data reported in this paper tor complete experiments or series or 

experiments were read by the same person. It was found after much 

of this work was completed, that reading the x-rays with a microfilm 

viewer was more sa.tiatactory and much easier than with the micro

scope. 
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TABLE 2 

Reproducibility of Results by the Radiographic Technique 

(Assay 104) 

ASSAY INEXPERIENCED EXPERIENCED 

PERIOD GROUP Observer R Observer c Observer R 
(WEEKS) Potency Limits* Potency Limits* Potency Limits* 

Percent Percent Percent 

2 1-20 117 79-127 106 80.125 113 8Q-l26 

2 21-40 88 78-128 -- -- 94 75-133 

3 1•20 115 83-120 105 82-122 112 83-121 

* Approximate limits at P = o.os. 



TABLE 3 

A Comparison ot Four Criteria of Calcification 

POTENCY (A.O.&.C. UIITS) DIFFERENCE 
ASSAY NO. EXPEC!ED AS CALCULATED FROM AS PERCENT . OF TIBIA VALUES 

POTENCY Tibia Toe AsE Log. Toe aali Log. 
Ash EitraoteCI FreaJi t.a.t. EXtracted FresE t.m.t. 

84 1200 1835 1957 2066 2689 + 7 +13 +47 
86 2000 3432 4056 4280 3772 +18 +26 +10 
87 200 258 281 .... 267 + 9 .... + 3 
88 200 294 379 -- 289 +29 -- - 2 
89 200 380 424 .... 383 +12 -- + 1 
90 400 498 551 540 560 +10 + 8 +12 
91 400 422 481 666 408 +13 +34 - 3 
92 400 434 507 536 466 +17 +24 + 5 
93 400 475 478 -- 561 + 1 -- +18 
94 400 519 -- -- 616 -- -- - 1 
95 400 378 -- -- 372 -- -- - 2 
96 400 248 265 248 242 + 7 0 - 2 
97 400 324 244 232 252 -25 -28 -22 
98 4000 3664 2962 2727 3228 -19 -26 -12 
99 200 377 377 324 360 0 -14 - 5 

100 200 233 211 219 199 - 9 - 6 -15 
101 200 214 210 189 202 - 2 -12 - 6 
102 200 238 226 211 244 - 5 -11 + 3 

103 200 401 361 318 386 -10 -21 - 4 
104 100 102 108 110 112 + 6 + 8 +10 
105 400 538 536 682 421 0 + 8 -22 
106 200 447 225 342 269 -so -23 -40 

107 400 864 446 587 522 -48 -32 -40 
108 200 321 246 308 223 -23 - 4 -31 

111 2000 3122 2828 2874 3090 - 9 - 8 - 1 
112 1000 1380 1758 1443 1157 +27 + 6 -16 

114 400 373 570 686 444 +53 +52 +19 

115 200 224 280 272 247 +25 +21 +10 

Means + 1.3 + o.s - 3.1 
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methods. the chief variation betng tn the estimates of the individ• 

ual oils. It a mean of all four assays can be considered the most 

probable estimate ot the true potency of an oil• then the most ac

curate method is the one which will most closely approximate that 

Yalue. i.~, have the smallest standard deviation. To compare the 

methods on this basis. means of the estimates of potency by all 

methods tor each oil and the standard deviations of the differences 

of the tour methods trom these means were calculated. The standard 

deviations were 15.0• 11.4. 10.6, ~d 10.0 per cent tor tibia. ex

tracted toes, fresh toes and t.m.t •• respectively~ while the mean 

differences were 2.4, 0.2. 0.7 and -3.3. In general then, there 

seems to be no doubt that the toe ash and x-ray methods yield esti

mates ot potency equally as reliable as those by the tibia ash 

method. This conclusion substantiates the work ot Baird and 

MacKillan (1942) using a smaller number ot chicks. 

Data tram assay 104 were plotted on semi-log. paper and 

reproduced iD Figure 3 to illustrate the ranges ot response of the 

tour criteria of calcification and the similarity of their log. 

(dose)-response curves. Approximately 45 chicks (3 groups of 15 

each) were used to determine each of the points on the graph. To 

facilitate comparison the scale tor the radiographic method has been 

inverted. The regression lines were calculated from the combined 

data tor reference and unknown oil and the combined decoded slopes 

are entered in the charts. It is evident that the response curves 

tor all tour methods are quite similar and although in this parti-
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eular assay some of the curves may not be strictly linear • they show 

good agreement. 

In general. it may be stated that the chief differences 

between the methods lie in the time and labour involved and not in 

the estimate obtained. 
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2. Relative Precision of Methods 

Individual data were collected for comparison of the pre

cisio~ of the different methods. Table 4 summarizes the results of 

a series of 7 assays involving 1740 chicks in .nich the data tor 

tibiae and toes are paired. It can be seen. according to the fid

ucial limits. that the toe ash method gives approximately the same 

precision as does the tibia ash method. Indi~dual assays may 

favour either tibia or toe in precision. 

Table 5 presents a more detailed study ot the variability 

within the assays. In this table the standard errors in logarithms. 

from which the fiducial limits of the previous table were calculated. 

have been listed along with the corresponding standard deviations 

(s) and coefficients of variation. The combined slopes {b) of the 

log. (dose)-response curves have been decoded to permit the calcul• 

ation of the statistic ).. ( = s,/b) with ita standard error for each 

assay. In order to remove any bias due to the tact that all four 

series of assays do not contain the same number of oils and that 

oils of any one series tend to show the same type of slope and de• 

gree of variability. means of the four series rather than of the 7 

individual values were used in the final comparison. It is evident. 

over the period of t~e during which these assays were carried out. 

that the variance tor error and slope change to a certain extent. 

Their relationship to each other is also subject to change though 

of a lesser degree. In general. the standard errors of the assays 

in logarithms show the same interpretation of variability as does 
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TABLE 4 

Summary of Assays Calculated from Individual Tibia and Toe Ash Data 

EXPECTED ASSAYED POTENCY NUMBER 
SERIES ASSAY TYPE OF POTENCY Tibiae Toes No. No. OIL (A.O.A.C. OF 

M 
UNITS) Potency Limitsl Potency Limitsl CHICKS 

1 62 n3 Prep- 1000 1533 1323-1777 1443 1219-1707 340 
aration (86-ll&fo) (85-118%) 

2 77 n3 Prep-- 1000 990 898-1092 12'72 1159-1395 400 
aration (91-110%) (91•110%) 

18 Feeding 400 343 292-406 356 3lo-409 
Oil (85--118%) (87•115%) 

3 
79 Feeding 

394 
400 305 256-363 376 32D-440 

Oil (84-119'/o) (85-117%) 

87 Feeding 200 258 219-304 281 225-352 
Oil (85-118%) (SQ-125%) 

4 
88 Feeding 200 294 249-348 379 300.478 

606 Oil (85•118%) (79-12&fo) 

89 Feeding 200 380 32Q-451 424 33o-644 
Oil (84-119'/o) (78-128%) 

Total 
87-1162 86-1172 

1740 
)leans 

" 1 Approxjmate fiducial limits calculated for ~ points. (According to B.S.I. 
criterion approximate limits are valid tor these assays.) 

2 Means of the tour series of assays. 
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TABLE 5 

Precision of Tibia and Toe Ash Methods as Expressed by Their s.E •• ~ • and c. v. 

TIBIA ASH TOE ASH DIFFER• Slope NECES· 
ASSAY 

Slope ENCE SARY1 s.E. (de• ~ s.E. (de- ~ (Toe A - DIFFER• (in c.v. s.n. coded) (in c.v. s.n. coded) ENCE 
logs.) % s b (a/b) logs.) % s b (s/b) Tibia A ) 

62 o.o326 8.61 3.504 16.201 0.216 :!: o.o22 0.0370 14.42 2.067 8.120 0.255 ! 0.030 +0.039 0.073 

77 o.o215 7.72 2.850 13.249 0.215 : 0.016 0.0204 12.57 1.714 8.765 0.196 ! o.o13 -0.019 0.040 

78 0.0364 6.63 2.717 11.433 o.238 ! o.o22 0.0320 11.04 1o607 7o688 0.209 ! o.o18 -0.029 0.056 
79 0.0377 6.18 2.558 10.802 o.237 :!: o.o22 0.0353 9.91 1.476 7.048 o.2o9 :!: o.o18 -0.028 0.056 

Mean 0.0371 6.41 2.638 11.118 o.238 :!: o.o22 o.o337 10.48 1.542 7.368 0.209 ! 0.018 -0.029 0.056 

87 0.0364 7.47 3.038 9.806 o.310 ! o.o32 0.0497 9.91 1.359 3.330 0.408 ! 0.053 +0.098 Oo121 
88 0.0368 7.15 2.925 10.117 o.289 ~ o.o28 0.0513 9.40 1.309 3.731 0.351 ! 0.040 +0.062 0.096 
89 0.0377 6.98 2.896 10.626 0.273 ! 0.025 o.0550 9.57 1.341 3o605 0.372 ! 0.045 +0.099 0.101 

Mean 0.0370 7.20 2.953 10.183 0.290 ! 0.028 o.o52o 9o63 1e336 3o555 0.376 ! 0.046 +0.086 0.104 

Means 
of 4 

o.235 ! o.ol9 series o.0321 1o49 2.986 12.688 o.o358 11o78 1o665 6.952 o.239 +Oo019 0.053 

1 Necessary difference for significance= t (at P = o.os) X standard error of difference between A tor tibiae,A tor toes. 



the ~test both between the various assays and between toes and 

tibiae. The coefficients of Tariabili~ (c.v.). on the other hand• 

because the,y do not take into account the slope of the log. (dose)

response lines do not reflect the same degree of variability. The 

fallacy of their use in studying assay procedures is clearly shown 

by the data. For example. as the coefficients of variation for 

each of the 7 comparisons are greater for toes than for tibiae. 

toes would be considered more variable. but this does not necessar

ily mean that the same relationship holds tor precision. 

It is evident. in comparing toes and tibiae by the A test. 

that tor the 6 pairs of values none ot the differences between toes 

and tibiae are significant at the 5 per cent point. nor are they all 

of the same sign. The means ot the four series are practically 

identical tor toes and tibiae and the mean difference is negligible. 

It may. therefore. be concluded that there is no demonstrable dif• 

terence between the precision of assays calculated from toe ash and 

those calculated from tibia ash. 

In order to illustrate further the similarity of the log. 

(dose)-response curves for toe and tibia ash. data from Assay 62 

are presented in Table s. As originally set up this assay consist• 

ed ot four levels each of reference and assay oils. It was found 

that both toes and tibiae showed a curved response line for the D3 

preparation and. therefore. the upper level was omitted. Using only 

the three lawer levels. rendering the log. (dose)-response lines for 
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TABLE 6 

Characteristics ot Tibia Ash and Toe Ash Response curves in Assay 62 

TIBIA ASH TOE ASH 

b3 D3 
c.s.R.o. prepara- Combined c.s.R.o. prepara- Combined 

tion tion 

For 4 lenls 
Error 
Variance 12.823 G.eso 4.309 2.918 
F for dev• 
iation 
from st. 
line 1.99 4.72 1.23 7.50 
Fat 5% 
point 3.04 3.07 3.04 3.07 

For 3 levels 
Mean ash% 39.57 42.37 40.71 13.85 16.04 14.33 
No. ot 
chioks 164 106 260 154 106 260 
F for dev-
iation 
from st. 
line 2.14 2.86 1.25 o.oo3 
Fat 5% 
point 3.91 3.94 3.91 3.94 
F tor non-
parallel 
lines 0.697 1.354 
Fat 5% 

3.88 point s.aa 
Error Vari• 
ance 15.034 8.239 12.276 5.211 2.900 4.273 

s.D. 3.87'1 2.870 3.504 2.283 1.703 2.067 
Coded 
slope (b) 3e034 2.589 2e853 1.281 1.647 1.430 



each rectilinear and parallel. toes again agree well with tibiae. 

Differences in the responses and estimates of potency ob

tailled iD tiTe assays with each of three different toes (inner~ mid

dle and outer) are illustrated in Table 7. The data indicate that 

there are constant differences between the ash content ot the 3 toes 

and, therefore. it toes are used to determine the response, the aame 

toe must be used throughout e:ny one assay. Approximately the same 

variation may be expected between the potencies deter.mined trom dit• 

tereDt toes as between the other methods. ~he use ot two toes in an 

asaay readily turnishes duplicate results, an average of which would 

yield a considerably more reliable estimate ot poteucy than either 

one alone. 

Amother aeriea of assays, namely, assays 87 to 95, in~ 

vol'ViDg 1693 cbioks, was carried out using both indi'Vidual tibia 

ash and radio~phio methods. As in the tibia-toe comparison. the 

data used here were comparable. ea.oh value tor tibia ash baviDg a 

corresponding value tor the radiographic method. In Table 8 the 

fiducial limits iD per oent. the standard deviations (s). the de

coded slopes {b) and the s/b ratio of the log. (dose)-respoDBe 

curves have been tabulated. It can be seen that, although s/b for 

the radiographic method is greater in every oase than that tor the 

tibia ash method, yet only in the case gf assay 94 does the differ

ence approach aiguiticance at the 5 per cent point. B.y combining 

the 9 comparisons by the ~z.method as outlined by Fisher (1934) an 

overall measure of the difference was obtained. The ).~lue was 

found to be 26.036 whioh, with n = 18, yielded a p T<alue or 
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TABLE 7 

Comparison of the Ash Content and Potency Calculated from Different Extracted Toes 

TOE ASH (Percent) No. OF ESTIMATION OF POTENCY (A.O.A.C. UNITS) 
Inside Middle outsi<ie GROUPS ASSAY Inside Middle outside 

lo. Toes Toes Toes AVER- Toes Toes Toe a 
AGED 

93 12.58 13.39 13.74 20 483 478 481 
111 13.90 14.56 15.04 38 2868 2828 3888 
122A* 14.06 14.72 15e01 15 1390 1972 1888 
112B* 13.57 14.40 14.97 16 1191 1544 1719 
114 14.07 14.78 15.41 16 476 570 508 

* A = A.o.A.c. method. 

B = B·S•I• method. 
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TABLE 8 -
The precision or the Tibia Ashand Radiographic Procedures 

TIBIA ASH METHOD RADIOGRAPHIC METHOD ~1o~ t.m.t.) 
DIFFERENCE NUMBER ASSAY Fiducial* Standard Decoded 

)..= (s/b) + Fiducial* Standard Decoded t.m.t. A - OF Limits Deviation Slope • s.E. Limits Deviation Slope N= (s/b) ! S.E. tibia A CHICKS Percent s b Percent s b 

87 85-118 . 3.0382 9.8075 o.310 ! o.o31 83-121 0.1854 -0.5223 0.355 ! 0.041 +0.045 
88 85-118 2.9260 10.1166 o.289 ! o.o28 82-123 0.1774 -0.5034 0.352 ! 0.041 +0.063 606 
89 84-119 2.8962 10.6268 o.273 : o.o25 82-121 0.1775 -0.5584 0.318 :t 0.033 +0.045 
90 87-115 3.5029 13.8683 o.253 ! o.o23 85-118 0.1982 -0.6963 o.285 ! o.o28 +0.032 
91 85-118 3.6033 ' 13.2644 0.272 ! 0.028 84-119 0.2066 - 0.7156 o.289 ~ o.o31 +0.017 509 
92 86-117 3.6302 14.1148 o.257 t o.o25 85-118 0.2093 - 0.7643 0.274 ± 0.028 +0.017 
93 86-116 4.0631 13.7714 o.295 ! o.o29 82-122 0.2479 - 0.6719 o.369 ± o.044 +0.074 
94 88-114 3.7767 15.5736 o.243 ! o.o2o 84-119 0.2339 - 0.7161 0.372 .t 0.035 +0.084 578 
95 87-115 3.9353 16.2649 . o.u2 ! o.o21 85-118 0.2200 - 0.7089 0.310 ! 0.034 +0.068 

Means 86-117 3.4858 13.0454 0.270 ! 0.023 84-120 0.2062 -0.6508 o.s2o ! o.o33 +0.050 

* Appro~te fiducial limits at P = o.o5. 
According to the criterion of the B.S.I. method. 
approximate limits are valid for the assays reported 
in this table. 
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approximately 0.09. Although approaching the 5 per cent point. the 

ditterencea are not considered to be significant with these data. 

This conclusion substantiates the work of Baker and Wright (1940) 

although in their data the bone ash tends to be the more variable. 

This alight but constant difference is also reflected in the tid• 

uoial limits. It is pointed out aga.in that the radiographic tech

Dique of Olaeon as used in this paper involved ol'lly the actual 

principle of X•raying the chicks and was not used as a complete 

methodo 

Considering the results of these oomparieona as a whole. 

it ia evident that there 11 DO atatiatically aigaiticaut difference 

between the precision of the three criteria of calcification. 
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3. !WO Week Assay Period 

As it was possible to X•ray the same chicks at both two 

and three weeks. the radiographic procedure offered the most valid 

basis tor a comparison of the two feeding periods. Accordingly,the 

potency. approximate fiducial limits and "ratios were calculated 

tro.m a series of 8 assays tor both feeding periods. The results ot 

these comparisons are presented in Table 9. It should be pointed 

out that tor this particular comparison ot A • s the data were not 

strictly paired• that is it a chick died after being X-rayed at 2 

weeks, its 2 week value was not removed. However. as mortality was 

low in this period (less than 3 per 100), the data are comparable. 

It can be seen. from Table 9, that in all but 2 of the 

assays the 2 week estimate is higher than that at 3 weeks. The 

mean difference between estimates of potency at 2 and 3 weeks is 

11 per cent. The combined probability of the significance of dif• 

ferences between estimates. using the 'X-2-method or Fisher (1934) was 

found to be greater than o.ao. It may, therefore, be concluded 

that there is no significant difference between the estimates ot 

potency determined at 2 and at 3 weeks. 

Considering the precision of the method• it is evident 

from the A ratios that in eveey case the 2 week assay period yields 

more ~iable results than does the 3 week period. The differences, 

although large. are not significant when each assay ia viewed by 

itaelt or when combined. as the standard errors of the 2 week data 
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TABLE 9 

Comparison of two and three week data 

TY'IO WEEK DATA THREE WEEK DATA DIFFER• 
CRI .. stand- Stand- ENCE 
TERION ard 

A ard .A BE-
OF ASSAY Devia- Devia• TWEEN 

CAWIFI- NO. Po• Limits-!~ tion Slope Po- Limits-If. tion Slope = (s/b) .,\ •s 
CATION tenoy Percent 8 b = (sfo) tency Percent s b 

Radio- 104 113 80.125 0.1819 Oe4561 o.399 ! o.o57 112 83-121 0.1905 0.5507 0.346 : o.044 o.os3 
graphs 105 396 72-139 0.1586 Oo3028 Oo 524 ! Oe110 421 79-127 0.1981 0.5390 0.368 ! o.056 o.1f?6 

106 275 64-157 0.1653 0.2726 0.606 ;t 0.146 269 73-138 0.2025 0.4669 0.434 ! o.o11 0.172 
107 584 66-152 0.1613 0.3015 0.535 : 0.114 522 76•132 0.1920 0.5020 0.382 ! 0.060 0.153 
108 249 69-146 0.1624 0.3042 o. 534 ! 0.114 223 74-135 0.2050 0.4678 0.438 t o.o19 o.o96 
111 4432 76-132 Ool463 0.2402 0.610 t 0.102 3090 83-121 0.1679 0.4375 0.384 t 0.042 0.226 
112 1533 59-171 0.1385 0.2285 o.606 : 0.168 1124 80.126 0.1492 0.4777 0.312 :.t 0.047 o.294 
114 402 63-158 0.1367 0.1825 0.749 :.t 0.222 444 70.144 0.1959 0.3538 0.554 t 0.125 0.195 

Means 69-148 0.1564 0.2861 0.570 77-131 0.1876 0.4744 0.402 0.168 

* Approximate limits at P = 0.05. 



are also relatiYely large. Bowever. in view ot the tact that the 

ratios are UDitor.mly less tor the 3 week data. on the average 42 

per cent less. it would seem to indicate that the 2 week data are 

definitel7 less precise than the 3 week data. The chief reason tor 

this seems to be that the lower slope (b) of the log. -(dose)-re• 

sponse curves at 2 weeks is not sufficiently balanced by a lesser 

ftriability (s). Substantially similar observations were made by 

De Witt et al. (1942). Although for same of the assays reported in 

Table 9 the approximate fiducial limits. particularly at 2 weeks. 

underestimate the true width of the fiducial range. yet they show 

the same trend as the ~ ratios. Whatever limits are calculated, 

ot course, do not attect the comparison by the Amethod. 

To turDish some idea as to how the other 3 criteria would 

react. one ot the assays (No. 104) was carried out entirely in du• 

l)licate under the same conditions and at the same time. One set of ... 

chicks was killed at two weelca and the other was killed at 3 weeks. 

The estimate• of potency were as tollaws: 

At 2 weeks At 3 weeks . -
Radiographic 94 112 

Extracted toe 87 108 

Fresh toe 104 110 

Tibia 98 102 

The results of these comparisons. when considered in conjunction 

with those of Table 9 substantiate the conclusion that there is no 

·significant difference between estimates of potency determined at 
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2 and at 3 weeks. 

If it may be considered as established that two week data 

may be used tor assay purposes. the method offers a certain advant

age as regards time required. In ~ew ot the relatively poorer de

finition of the slope of the response lines in such tests. the ques

tion ot the use ot true or approxfmate fiducial lfmits assumes great

er importance. Ordinarily, with three week data the slope is sut

ficieutly wall defined that the approximate tor.mula gives the same 

results as the true one. As Irwin (1943) has pointed out. it the 

slope is not well defined the approximate formula not only under

estimates the fiducial range. but also biases its position. In 

Tiew of these facts it seemed desirable to ascertain the relative 

merits of the two formulae tor two and three week chick data. and 

also deter.mine whether the correction should be applied to the 

potena,y as well as to the fiducial range. The data. presented in 

Table 10. indicate that the approximate tor.mula gives a fair esti

mate of the potency at two weeks. The correction factor used in 

the true tor.mula tends to spread the potency from the expected 

value, e.g •• in those cases where the potencies are above the ex .. 

'pected potency the true for.mula gives still higher estimates. 

It is suggested, then. that for a preliminar.y test, two 

week data. in which the slope is not well defined, can furnish in• 

dications ot the potency of tmknown samples without the use of the 

correction factor and may serve a useful purpose in preliminary 

aurveys of oil potency. 
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TABLE 10 

True and Approximate Fiducial Limits 
Calculated for TWo and Three Week Radiographic Data 

TWO WEEK DATA THREE WEEK DATA 
-~-

True Approximate True Afl!roximate 
~otenoy t3iilts po\;enoy tilidts Potency Limits Potency L!Dilts 

% % % % 

114 79-126 113 ao-125 112 83-121 112 83-121 

416 7o-143 404 72-139 434 78-128 421 79-127 

323 59-1'71 275 64-157 288 71•142 269 73-138 

666 62--161 584 6&-152 550 74-135 522 76-132 

273 66-153 249 69-146 234 72-138 223 74-135 

4870 67-150 4432 76-132 3090 83-121 3090 83-121 

2006 so-199 1633 59-171 1166 79-127 1124 ao-126 

468 56-179 402 63-158 484 66-151 444 7D-144 
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4o Reproduoibili;tz of Methods 

Besides giving a similar estimate o£ potenoy and degree 

of precision in assaying unknown materials, a method. to be entirely 

satisfactory, must also yield reproducible results when the same 

material is assayed a number of times. In vitamin D assays the cost 

ot such a repetition of tests would be prohibitive if carried out 

tor that purpose alone. As it has been the custo.m in this laboratory 

to use tour groups of chicks at each of three dosage levels of the 

reference oil tor most ot the assays reported above. an opportunity 

was afforded of considering two groups at each level as "standard" 

and two as "unknown, " and thus calculating the potency of the "un.., 

known." A mean of several assays tor each method would furnish an 

esttmate of the precision or reproducibility (Knudsen. 1944). 

Four groups of chicks were fed at each dosage level or 

standard reference oil in most ot these assays. In a few cases 

only three groups were fed at each dose. In order to obtain fur

ther comparisons of the five criteria. data were also taken tram 

four other test oils which had been fed to three or tour groups or 
chicks at each of three levels. For each assay there were nine to 

twelve groups available tor partition into "standard" and "un.., 

known" categories. To accomplish this separation aost efficiently, 

a series of arrangements was made out. These arrangements were 

then applied to the assays in two ways. namely, (1) arbitrar,y and 

systematic allocation ot the arrangements, and (2) randamization of 
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the same arrangements between assays. Randomization was carried out 

according to the method outlined by Goulden (1939). This permitted 

two separate estimations to be made of the data. The potency ot the 

"standard" was considered as lOO for convenience and the "unknown" 

defined in relation to that value. Analysis of variance was carried 

out on the data to deter.mine the relative ~portance of the varia

bility between methods and assays. 

The results of the assays are presented graphically in 

Figures 4 and s. and a summary of the data according to criterion 

of calcification is given in Table 11. The figures show no defin

ite difference between methods and the data of Table 11 substantiate 

this observation. As there are a few rather discordant values. the 

data have been considered in two ways: (1) using all values and (2) 

omitting those values ~g outside ! 3 s.n. In elimjnating these 

questiouable results it has been assumed that values lying outside 

! 3 s.n. (odds 370:1) have been affected by factors other than those 

ordinari~ encountered in tests ot this type. From this point of 

view. it is evident that all five criteria are approximately equally 

accurate as judged by the means and equally precise as judged by the 

standard deviations. It anything. the tibiae are the most variable. 

In the systematic partition of groups the means for all methods were 

higher. 

The partition of the total variabili~ between methods 

and error in Table 12 shows that the variance between methods was 

in all cases considerably less than that for error. In view of pre-
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TABLE 11 

Comparison ot Mean Estimates of Potency by Five Criteria of Calcification 
(expected potency = 100) 

Toe Ash Log Log 
Tibia (ex- Toe Ash t.m.t. t.m.t. All 
Ash tracted) (fresh) 3 Weeks 2 weeks Methods 

Systematic Grouping 
All 'ft.lues 

Mean 121 105 116 112 109 113 s.D. 52 15 26 16 13 31 
S.E. 12 4 8 4 5 4 

Omitting values out-
side ! 3 s.o. 

Mean 109 -- -- -- ... 110 
s.n. 18 -- -- -- -- 18 
s.E. 4 -- -- -- -- 2 

Random Grouping 
All 'ftluea 

102 Mean 98 10? 103 103 94: 
s.n. 22 20 15 26 25 22 
s.E. 5 6 6 ., 10 3 

ami tting values out-
side ! 3 s.n. 

97 100 }lean 103 -- ----s.n. 11 -- 12 -- 18 --s.E. 3 -- 3 -- 2 --
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TABLE 12 

Summary of Analysis of Variance of Estimates of Potency 

GROUPING 

Systematic 

Random 

VARIANCE 
DUE TO 

Methods 
Error 

:Methods 
Error 

FOR ALL VALUES 

n.F. 

4 
62 

4 
62 

Mean Squares 

565.8 
987.3 

290.0 
471.1 

OMITTING VALUES 
OUTSIDE t S.D. 

n.F. 

4: 
61 

4 
60 

Mean S~ares 

202.3 
326.4 

176.3 
304.6 
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vioua results. this observation was to be expected. 

These results fUrnish further evidence tn support ot 00~ 

olusions reached above that there is no essential difference in ac

curacy or precision between the tibia ash, toe ash, and radiographic 

(t.m.t. distance) methods for vitamin D assay with chicks at three 

weeks of age. 

5. A Co.mpar~son of Die~s .~d reading Periods 

It has been observed in this laboratory that chick assays 

for Titamin D in which the British Standards Institution (1940) diet 

and feeding period were used. often show less variability as meas

ured b.Y fiducial limits than is commonly encountered in the A.o.A.c. 

(1940) procedure. These procedures differ chiefly in two ways. The 

A.o.A.C. aethod consists ot the three week preventive period using 

a diet with a calcium and phosphorus content of approximately o.a 

and 0.7 per cent. respecti~l7• On the other hand• the B.S.I. re• 

commands tor the x-ray method a one week depletion and three week 

curative period with a diet having a calcium and phosphorus content 

of about 10 5 and 1.0 per cent. respectively. (For bone ash method 

the A.o.A.c. diet is used.) The observed difference in variability 

could be caused by either one or both of these factors or the dif

ference tn age of the chicks. Although the two diets differ in 

their constituents and source ot calcium and phosphorus, the con• 

tent and ratio of these elements are possibly the most important 

factors. 

Four experiments were carried out at different times over 
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a period of more than a year. Precision was judged by the sjb ratio 

or the response lines of X-ray and bone ash data. Analysis of vari

ance was carried out on all data and the distribution of variance be

tween replicates and individuals was deter.mined. 

The calcium and phosphorus content of the diets used are 

given in Table 13. Each value is the mean of 3 to 5 samples. The 

variation in composition is about what would be expected when mixed 

traa different lots of teed over a period of time. 

}!iXperiment 1. A preliminary experiment was carried out in 

which both the A.o.A.c. and B.S.I. procedures were used to test the 

potency of an oil. Both procedures were adhered to as regards diet 

and feeding period. The Canadian Standard Reference oil was fed to 

three groups of 20 chicks at each of three dosage levels and the as

say oil at two levels. The pooled values of this preliminary test 

are presented. 

Experiment 2. In a more comprehensive experiment. only 

the Canadian standard Reference oil was used. The study involved a 

comparison of the response curves of the A.o.A.c. and B.s.r. diets. 

each fed according to both the A.o.A.C. and B.s.r. procedures. The 

standard oil was ted at three levels, 6.67, 15, 33.75 units as re

presenting the lower. middle. and upper dosage range. Four groups 

ot 20 chicks each were started at each level with one other group 

serving as negative control tor each comparison. The whole experi

ment involYed the use of approximately 1000 chicks. 



42a. 

TABLE 13 

Calcium and Phosphorus Content ot Diets 

(as percent of air•dry sample) 

A.O.A.C. DIET B.S.I. DIET 
EXPERIMENT 

Calcium Phosphorus Calcium Phosphorus 

1 0.91 o.a7 1.59 loO! 

2 o.s2 0.74 1.36 o.eo 

3 o.so o.a2 -- --
4 0.77 o.7s 1.46 o.ea 

Means o.s5 o.eo 1.47 0.90 
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~eriment 3. This was a repetition of halt ot Experiment 

2, using onlY the A.o.A.c. diet. 

Expertme~t 4. In the previous tests only three levels of 

oil were ted. It was thought desirable to deter.mine the position 

ot the curves in somewhat more detail. Accordingly another experi

ment was set up in which the reference oil was fed to 3 groups of 

20 chicks at each of 6 dosage levels equally spaced on the logarith

mic scale and ranging tram 4.45 to 33.75 units per 100 grams teed. 

The steepest straight line 3 point portion of each curve was used 

tor comparison. 

The radiographic data are summarized in Table 14. It is 

evident that as the age of the chicks increases up to 3 or 4 weeks 

the precision as measured by the sjb ratio also increases. This 

increase is caused chiefly by the greater slope of the log. (dose)

reaponse curve. The B.s.I. assay period (i.e., 1 week depletion 

+ 3 week curative) is in 4 cases more precise than the 3 week A.o.A.c. 

period and in one test equal~ precise. The differences are not al• 

ways significant. however. There is no difference between the 1 + 2 

week and the 3 week periods. 

As the slope ot the log. {dose)-response curve is the 

chiet factor determining the magnitude of the ).. ratio, the response 

curves in Figure 6 plotted tram the mean level response tor X-ray 

and toe ash data show the same trends as the ratios. It should be 

pointed out in this connection that. although the response lines 

were not always linear tor the first three experiments, it was felt 
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TABLE 14 

Precision Ratios a)b for A.o.A.c. and B.s.r. Feeds 
and Procedures Using Radiographic Criterion 

Age ot Standard 
Feedittg Chicks Deviation Slope 

Diet Procedure (Weeks) s b 

A.o.A.c. A.o.A.c. 2 0.139 -0.228 
3 0.149 -0.478 

B.S.I• BeSeie 1 + 1 0.124 ..0.191 
1 + 2 0.112 -0.328 
1 + 3 0.153 -0.653 

A.o.A.c. A.o.A.c. 2 0.147 -0.211 
3 0.188 -0.436 

B.S.I. 1 + 1 0.194 -0.256 
1 + 2 0.183 -0.514 
1 + 3 0.181 -0.631 

B.S.I. A.o.A.c. 2 0.123 -0.145 
3 0.152 -0.300 

BeSei• 1 + 1 0.159 -0.138 
1 + 2 0.156 -0.267 
1 + 3 0.175 -0.363 

A.o.A.c. A.o.A.c. 2 0.167 -0.228 
3 0.214 -0.672 

B.S.Ie 1 + 1 0.198 -0.272 
1 + 2 0.202 -0.'111 
1 + 3 0.196 -0.817 

A.o.A.c. A.o.A.c. 3 0.145 -o.857 

B·S•I• 1 + 2 0.179 -0.885 
1 + 3 0.182 •1.038 

B.s.r. B•S•I• 1 + 2 0.136 -0.277 
1 + 3 0.161 -0.394 

Ratio 
s;P 

o.s1 ! o.lT 
0.31 ~ o.os 

0.66 + • o.21 
0.34 ~ o.o6 
0.23 : o.o3 

0.70 ! 0.13 
+ 0.43 - o.os 

0.76 ! 0.15 
o.ss : o.04 
o.29 ! o.o3 

o.as ! 0.18 
0.51 ! o.o7 

1.16 : 0.33 
o.ss ! o.os 
0.48 ! 0.06 

o.73 ! 0.24 
0.32 ! o.os 

0.73 ! o.2s 
0.28 1 0.04 
0.24 ! 0.03 

o.11 ! o.02 

o.2o : o.os 
o.1e ~ o.o2 

0.49 : 0.14 
o.•1 ! o.to 
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FIGURE 6. Log. (dose)-response curves for two criteria in four 

experiments. A = A.o.A.c. diet, B = B.s.r. diet. Numbers 

indicate type and length of feeding period. For oonven-

ience the 0 dosag~ level was plotted at log. interval 

equal to that between other levels. 



that the overall slope for the sjb ratio gave a fairer comparison 

ot the procedures than if the steepest two dose portion had been 

used. It only the two higher levels bad been considered the dif

ferences in slope and ratio would have been magnified particularly 

in comparisons involving the 1 and 3 week period. In each experi

ment the root mean square (s) tor replicates has been calculated 

tor both criteria and tram this the sjb ratio has been obtained. 

As interest lies chiefly in the comparison ot the 3 week and the 

1 + 3 week assay period• replicate and individual data have been 

assembled in !able 15. In the replicate data the same trends are 

evident and emphasized. but as the error becomes larger with in• 

creasing ratios. the significance of the differences is in same 

oases actually less than when using the error (s) fram individuals. 

Bone ash data are not as favorable to the 1 + 3 week assay as are 

the radiographic data. 

For the A.o.A.C. diet alone the average percentage de

crease in the s)b ratios (i.e •• s/b at 3 weeks - s)b at 1 + 3 

weeks) has been calculated to be approximately 43 per cent tor the 

ratios using replicate error and 34 per cent for the ratios using 

individual error. This represents an tmportant increase in pre

cision which. to yield the same standard error of log-ratio of pot~ 

encies. would require the use of more than twice as many chicks. 

Using the B.s.r. diet the difference is not as marked. 

Another estimation of the merits of assay procedures is 

the relation between the variances for doses and for replicates. 



TABLE 15 

Ratios •/b for :S Week and 1 + 3 Week Periods when a is Calculated 
fraa Replicate and Error Variance 

Neces-
8 Feeding Period sary 

Criter- Experi- Diet Calculated Differ-
ion ment From 3 Week 1 + 3 Week 

ence 
(P=0.05) 

x-ray 1 A.o.A.c. Replicate 0.38 ! o.og -- --
Error 0.31 ~ o.os -- --

B.S.Ie Replicate -- 0.22 ~ o.os .... 
Error -- 0.23 ~ 0.03 .... 

2 A.o.A.c. Replicate 0.67 t 0.18 0.29 + 0.43 - o.os 
Error o.43 : o.os 0.29 ! o.o2 o.11 

B.S.Ie Replicate 0.95 i 0.30 0.82 ! 0.24 o.a6 
Error 0.51 ~ o.o1 0.48 ! o.oa 0.18 

3 A.o.A.c. Replicate 0.83 ~ 0.37 o.29 ~ o.oa 0.93 
Error 0.32 ! o.os 0.24 ~ 0.03 0.11 

4 A.o.A.c. Replicate 0.25 ! o.o7 0.18 t o.os 0.20 
Error 0.17 % o.o2 0.11 ~ o.o2 o.oo 

B.s.r. Replicate -- 0.42 ~ 0.14 --
Error -- 0.41 t 0.10 --

Bonel 1 A.o.A.c. Replicate o.s1 : o.1s -- --
Ash Error -- -- --

B.s.r. Replicate -- 0.28 ! o.os ---
Error - -- --

2 A.o.A.c. Replicate 1.00 ! o.32 0.44 ! 0.10 0.77 
Error o.s2 ! o.o1 o.2s :t o.o2 0.15 



In an ideal assay the -variance between doses should be a maximum 

and that between replicates a ~. Thia is actually a differ

ent way o£ expressing the relation between slope and error. The 

variance ratios are given in Table 16 and lead to the same oonolu .. 

sions as the s/b ratios. It replicate variance is taken as error 

then almost all the ratios are significant and differ only in de• 

gree of significance. 

The difference tn the 3 and 1 + 3 week periods may be due 

to either one or both of two factors. i.e., the depletion period 

and the age ot the chicks. If only the two higher levels in the 

assaya are considered. it is evident that. with time, chicks on 

the preventive assay are becoming more rachitic at both levels 

while those on the curative assay are becoming more rachitic on 

the lower level and less rachitic on the upper level. That ia, 

in the curative assay the response lines tend to cross while in the 

preventive assay the change of slope is relatively less and there 

is not the same tendency tor crossing. For assay purposes the 

croea•over point could be taken as the mid-point of the response 

line tor a three point assay. In view o£ the tact that there is 

no ditference between the 3 and 1 + 2 week periods it is suggested 

that the chief' factor may be the age of the chicks. It is obvious 

then that it facilities are available tor depletion of chicks there 

is an ad'Vallt&ge in using week•old rather than da,...old chicks to 

start the assay. This problem is discussed at greater length later 

in this section. 
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TABLE 16 

Variance Ratios tor Levels/Replicates tor 
3 week and 1 + 3 Week Periods 

EXPERI• X•RAY DATA BONE ASH DATA 1 

MENT 
DIET 

3 week 1 + 3 week 3 Week 1 + 3 Week 

1 A.o.A.c. 11.94*"Jo .. .... --- ---
B.S.Ie --- 21.16-,'f* --- --· 
A.o.A.c. 17.6&f'* 110.02** 8.33-r.-'Jo 44.1~~ 

B.S.Ie 9.77** 15.91~~ 31.72** 16.6~~ 

3 A.o.A.c. 3.93 38.17'** 24.8'1-H* 40.56** 

4 A.o.A.c. 26.74** 44el<>H* 10.55-.* 12.42M-

BeSeie ...... 9.15* --· 19.3(}** 

* Significant at P • o.os 

* tt " P :a o.o1 
1 Toe ash data except for Exper~ent 3 which is tibia ash. 
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In comparing the two diets it will be noticed that there 

is not a great deal ot difference between the~ The x-ray data 

(Table 13 and 14) Show the A.o.A.c. diet to be better in all cases 

and in most cases significantly. However. the bone ash data show 

no difference. In this connection it might be mentioned that pre

ltmina~ evidence obtained in this laborator.y indicates that x-ray 

and bone ash.oriteria may not always show the same degree of cal

cification when different diets are compared. It has already been 

show.n that with the same diet both criteria give the same response. 

Fram the curves of Figure 6 it will be noted that the B.s.r. diet 

at the lower levels of vitamin D produces a lesser degree of rick

ets than the A.o.A.c. diet. It may. therefore. be assumed that. 

tn general. the A.o.A.c. diet under conditions of this laborator,y 

is someWhat more satisfactory. 

Olsson {1941) has claimed certain advantages for a low 

mineral depletion period and a curative period where the diet is 

supplemented with both calcium and phosphorus as well as varying 

levels of vitamin n. In view of these considerations and the data 

reported earlier in this section. an experiment was set up to test 

three diets in different combinations. The basis of all diets was 

the A.o.A.c. diet. The law mineral diet was the A.o.A.c. without 

mineral. The percentage composition from analysis of the diets 

was as follows: 



Low mineral 

A.o.A.c. 

A.o.A.c. + Uineral 

47. 

Calcium 

0.10 

1.01 

1.82 

Phosphorus 

0.25 

0.79 

0.84 

Three combinations were made of these diets tor a curative type of 

assay. In the first one the A.o.A.c. diet was used in both the 

depletion and curative periodso In the second the law mineral diet 

was used as depletion tor the A.o.A.c. in the curative period. and 

in the third the low mineral diet was used as a depletion for the 

A.o.A.c. diet supplemented with mineral. The latter diet approx

imated that of Olsson in content of calcium and phosphorus al

though the depletion was probably somewhat more severe. The diets 

were judged by the ratios of the variance between doses to that 

within doses for the steepest two dose portion of the response 

curve in each case. The chicks were X•rayed at two. three and 

tour weeks of age• and the magnified radiographs read in milltmet-

ers. 

The data are presented in Table 17 and the curves are plot

ted in two ways in Figure 7. It may be noted that the law mineral 

diet produces more rachitic chicks at one week of age than does 

the A.o.A.c. diet. This allows the higher levels to become more 

nor.mal while the lower levels became more rachitic. The remainder 

ot the data. however. do not indicate that this makes for a great 

difference in the curves. There is a difference in the location 

ot the most sensitive part of the curve. e.g •• the steepest part 



PERIOD 
(WKS.) 

1 + 1 

1 + 2 

1 + 3 

47a. 

TABLE 17 

Variation Within and Between Doses for Three Diet Combinations 
Using a Depletion Period 

DIET 
VARI-
ANCES AOAC - .AOAC Low Min. - AOAC Low Mine - AOAC 

Ye an Mean Mean 
n.F. Squares F. D.F. Squares F D.F. Squares 

Doses 1 452 12.2 2 1340 12.6 2 573 
Erro~ 103 37 -- 101 106 .... 100 92 

Doses 1 2850 44.5 1 3444 32.5 -- ---
Erro~~ 70 64 -- 68 106 -- -- --
Doses 1 4371 60.7 1 7541 69.8 1 5510 
Erro~· 70 72 -- 66 108 -- 66 132 

* Combination of variance between replicate groups and individuals. 

+Min. 

F 

6.2 --
----

41.7 --
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ot the low mineral--A.o.A.c. + mineral curve is between 6 and 15 

units, while tor the other two it is between 16 and 33.75 units. 

In general, however. there are no great differences evident be

tween the methods as regards slope or precision of response lines. 

These conclusions in regard to the curative assay are in line with 

work on various diets in the preventive assay by Migicovsky and 

Emslie of this laboratory. and by Bliss (1946). Evidently the re

sponse line representing the response per unit dose tends to be 

much the same regardless ot diet, at least within fairly wide 

limits, but changes in the calcium and phosphorus content of the 

diet does alter its position. 

It was postulated earlier in this section that within 

limits the age of chicks may be of greater ~portance in deter.min• 

ing the slope ot the dose-response curve than diet or type of f.eed

ing period. To test this hypothesis an experiment was set up com

paring the curative and preventive periods on three diets of vary

ing calcium and phosphorus content. The chicks were X-rayed at 1, 

2. 3, and 4 weeks ot age. and the readings were recorded in mil

limeters of the magnified radiograph as in the last exper~ent. 

The diets were based on the A.o.A.C. (1940) diet, the calcium and 

phosphorus content being adjusted by additions o£ calcium carbon• 

ate and tricalcium phosphate to the mineral-free basal diet. The 

percentage composition from analysis o£ the diets were as follows: 
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Calcium Phosphorus 

A.o.A.c. 0.91 0.83 

High Calcium 2.95 0.53 

Low Calcium 0.52 0.83 

The data have been plotted in three ways in Figures s. 9 

and 10 to clarity the comparisons. They have also been analyzed 

statistically to partition the total variance into two factors, be

tween and within doses, the latter including both the individual 

and replicate variance. These data are given in Table 18. From 

Figure 8 it is evident that again there is greater tendency with 

time for cross over in the curative test than there is in the pre--

ventive, although these tests are not particularly good examples. 

It is difficult to determine tram the single test whether the poor 

type of response curve found on the law calcium curative test is a 

true condition or is caused by some experimental mishap. There is 
• 

not as much difference in the two and three week data as is usual-

ly evident. When the progress ot calcification is plotted against 

time as in Figure 9 the difference in degree of rickets on the 

three diets becomes more evldent. on the low calcium diet chicks 

seem to reach a certain degree ot rickets and remain there while 

on the other diets the lower levels become progressively more 

rachitic. In Figure 10 the curves of Figure 8 have been selected 

on the basis of age of chicks to make the curves more comparable 

at the same age. Again no marked differences are evident. 
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!he data in Table 18 show the same trend as the figures. 

It is also evident that the mean squares tor error in the A.o.A.c. 
diets are much lower than those tor the high calcium diets. This 

indicates that differences between doses need not be so great tor 

the A.o.A.C. diet as for the others to obtain the same degree of 

precision. The data also show that the A.o.A.c. diet is at least 

as good as either of the others. but on the basis of only one 

test no definite conclusions will be drawn. 

In general. age seams of greater importance in the chick 

assay than diet. The curative period makes it possible to obtain 

an equally precise assay one week sooner. The exact status of the 

law calcium diet is not clear fram these data but the A.o.A.c. 
diet is as useful as any diet tested. 

6. Breed of Chicks 

White Leghor.n chicks have been used almost exclusively 

tor vitamin D assays in the u.s. as evidenced by the methods pro

posed by Carver et al. {1939). Massengale and Bills (1936) and 

A.o.A.c. (1940). Olsson (1941) has also recommended their use. 

on the other hand• the B.s.r. (1940) method recommends crossbred 

chicks of one sex. In general chick teeding. it is recognized 

that crossbred chicks are more vigorous and exhibit more unito~ 

and rapid growth than pure bred chicks. but comparatively little 

information is available on their behaviour in vitamin D assays. 

Heiman and Tighe (1942) reported that the vitamin D re

quirements ot Leghorn chicks were the same as those ot crossbred 
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TABLE 18 

Variance ratios for 3 Diets Using Curative and Preventive Feeding Periods 

AGE OF CHICKS IN WEEKS 

PERIOD DIET VARIANC~'t- 2 3 ' DUE TO 
variance F variance F variance F 

curative tow ea Dose -- -- -- -- 51 0.3 
Error ... --- -- -- 170 --

A.o.A.c. Dose 1052 llol 2004 25.6 2583 31o0 
Error 95 ~ 78 ... 83 --

High ea Dose 485 4.0 1978 9.6 3031 13.8 
Error 121 -- 205 -- 230 --

Preventive Low ea Dose 1007 14.6 829 8.7 1659 14.7 
Error 69 -- 95 -- 113 --

A.o.A.c. Dose 408 8.9 408 10.2 924 16.5 
Error 46 -- 40 -- 56 --

High ea Dose 799 8.9 1176 9.8 1344 9.3 
Error 89 -- 120 -- 145 --

* In each case. d.f. = 1 tor dose = 75 (approx.) for error. 
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chicks. The Leghorn had higher bone ash at all levels of vitamin 

D and reached a higher maxtmum calcificatioD. The slope of the 

response lines were quite similar but no estimate of variation was 

possibleo Motzok et ale (1943) carried our preliminar,y experfments 

on this subject and suggested that "crossbreeding of two inbred 

lines may reduce individual variability." A close examination of 

their data. however. reveals some discrepancies. Consider. for 

example. their Table s. page 267. While two of their groups show 

very low coefficients of variation the third group shows greater 

Tariability than the three pure bred lots at the same per cent 

bone ash. Similar criticism may be levelled at their Table 4. 

Further.more. the slope of the response curves of the crossbreds 

has not been considered at all. 

It is possible that crosses ot certain breeds may pro

duce more unifor.m chicks than other breeds. In the same paper. 

Motzok et al •• compared certain breeds as regards suitability tor 

vitamin D assay. The authors conclude that the New Hampshires 

compared favourably with the White Leghorns but that the Barred 

Rocks gave a smaller spread. In Table 19 the data have been re

calculated and combined and they show that• expressed by the 

ratio of coefficient of variability/spread. New Hampshires are 

somewhat more precise in response than the other two breeds. The 

significance of this result is doubtful. but both experiments show 

the same trend. rhe results do suggest that there may be possib• 

ilities of getttng a better chick than the pure bred White Leghor.n. 



BREED 

White 
Leghorn 

Barred 
Rock. 

New 
Hampshire 
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TABLE 19 

Breed of Chicks and variability of Response 

(re-analysis of data by Motzok et al. 1943) 

:MOTZOK' S TABLE 3 MOTZOK 1S TABLE 4 
Spread Coefficient Coefficient Spread Coefficient Coefficient 
in ash of Spread in ash ot Spread percent variation percent Variation 

1So6 9.15 Oo67 6.7 9.07 1.36 

11.6 7.81 Oo67 s.o 7.87 1.57 

13o3 7.46 0.66 '1.6 7.13 o.94 
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In Tiew ot the importance of this subject two experiments 

were set up to test the relative merits of pure versus crossbreds. 

In the first test an assay was set up in duplicate using the A.o.A.c. 

diet ted to pure breds and to crossbreds. Each part consisted of 

one negative control group and three levels of three groups each tor 

both the unknown oil and reference oil. The pure breds were White 

Leghorns• and the crossbreds were obtained by mating Barred Rock males 

and Leghorn females. In the second test Leghorns were compared with 

both crosses of Leghorn and Barred Rocks. Eight replicate groups tor 

each breed were fed at each of three levels of vitamin D as the re• 

terence oilo The numbers per group varied from 3 to 8 depending on 

the number available but was the same in all cages for any one breed. 

By feeding all three breeds in one cage possible pen differences were 

eliminated and the value obtained tor replicates should give a more 

critical test. This ~stem may. however. be criticised on the 

basis that if there was ~ tendency tor the crossbreds to be larger 

and more active. they might take advantage of smaller ohioks and 

aDy difference would consequently be exaggerated. 

The data from the first exper~ent are presented in two 

ways. In Table 20 the sjb ratios tor the x-ray data favour the 

crossbreds but those for toe ash data do not. The ratio of vari

ance& in Table 21 show a similar trend. Data from the second ex

periment are given in Table a 22 and 23 and in general show no con .. 

elusive differences between the breeds. Neither does there see.m 

to be clear cut evidence of differences in the vitamin D requirements, 



BREliD 

.. 
Pure 
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TABLE 20 

Summar.y of sjb Ratios for Pure and Cross Bred Chicks 

(on basis of individual chick) 

S CALCULATED X-RAY DATA TOE ASH DATA 
FROM VARIANCE 
FOR s b sjb 8 b 

Replicates 0.4560 -0.4245 1.074 2.9136 5.2695 
Error 0.2114 .. o.4245 0.498 -- .... 

s(b 

0.562 --
cross Replicates 

Error 
o.3061 -0.4948 o.619 
o.1s23 -0.4948 o.sse 

2.5860 4.5547 0.564 
-- -- --



TABLE 21 

Analysis of Variance for Pure and Cross Bred Chicks 

Variation X-RAY DATA TOE ASH DATA 
Breed Due Mean Mean 

'lo D/F Squares F D/F Squares F 

Leghorn Doses 3 0.5790 13.0 3 4.2873 a.oe 

Replicates 10 o.2079 4.7 10 0.5306 

Error 249 0.0447 -- -- -- -· 

3 1.1450 3 2.1031 5.03 

Replicates 10 Oo0937 10 Oe4180 

Error 266 o.0332 ... -- --
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TABLE 22 

s/b Ratios for Pure and Cross Bred Chicks 

TIBIA ASH TOE ASH 
BREED 

8 b s(b s b s/b 

Leghorn 0.9482 10.0041 o.095 0.5282 3.0695 0.172 

LeHe X BeR• 1.4894 13.1094 Oell4 0.5344 4.8063 o.111 

B.R. X L.H. le8226 10.7774 0.169 0.4671 3.6413 0.128 
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TABLE 23 

Analysis of Variance tor Data on Pure and Cross Bred Chicks 

TIBIA ASH TOE ASH 
BREED VARIATION D/F 

DUE TO Mean Mean F 
Squares F Squares 

Leghorn Between Doses 2 23.5170 26.2 2.3778 a.s 
Within Doses 21 0.8991 -- 0.2790 --

L.H. X 
B.R. Between Doses 2 43.0151 19.4 5.7777 20.2 

Within Doses 21 2.2185 -- 0.2856 --
B·R· X 

L.H. Between Doses 2 28.9428 8.7 3.3163 15.2 
Within Doses 21 3.3219 -- 0.2182 --
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i.e •• there is no difference between breeds in the amount of vita

min required to get initial response or optimum response. Both 

experfments contir.m the increased growth of crossbreds. If graw

th were the criterion of vitamjn D action. undoubtedly there 

would be an advantage in using crossbreds. 

As mentioned above. strain differences must not be 

overlooked. It is possible that this factor was operative in the 

above experiments. Recent discussions with other workers in this 

field indicate that much work is being undertaken to study this 

problem. 

1. The Estimation ~r ~rror from Replica~~ Groups. 

It has been the general practice in this laboratory. 

when comparing different criteria of calcification# to feed three 

or tour groups of chicks at each dosage level. It is thus pos

sible tor each vitamin D supplement to partition the total vari

ance into (1) variance between individuals of each group. i.e •• 

error variance. (2) variance between replicate groups at each 

dose. and (3) variance between doses. Fiducial limits are ordin

arily calculated from the error variance. However# if the vari

ability between replicate groups exceeds that between individuals 

of one group# then the error variance does not adequately express 

the variability of the assay. Under these circumstances. Bliss 

(1943) recommends that individual data be disregarded and group 

replication praoticed. The error mdght then be estimated from the 

variance between the replicates. considering the.m as individuals. 
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This procedure would involve considerably less labour by elimin

ating the need for individual data. It would also eliminate the 

confounding of treatment effects with possible pen differences as 

different dosage groups must be kept in different pens. As to 

whether or not such a procedure should be adopted would depend up

on the average relationship between the variance for replicates 

and variance for error for each individual laboratory. 

This study was based on assays and methods which have 

been described above. Analyses of variance have been carried out 

on each oil• both reference and unknown- which has been fed to re

plicated groups of chicks. For both the tibia ash and 3 week 

radiographic methods more than 30 oils. involving over 4.000 

chicks. were analyzed statistically. Lesser numbers were avail

able tor the other methods. 

To determine the effect of the two variances on the 

estimation of error. the fiducial limits were calculated by 

using group means as individual values. The variance between 

these replicated group means was taken as the error variance and 

the value of "t" for the 5 per cent points properly adjusted for 

the degrees or freedom for replicates rather than for individuals. 

The means were not weighted for the number of chicks. Where the 

number of chicks in each group is approximately equal_ as is the 

case iQ the assays reported herein- the error of this procedure 

is negligible. For purposes of comparison_ the limits. calcul

ated ·in the usual way trom error variance as reported previously • 
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were also tabulated. The B.s.r. (1940) system or calculation was 

used for both types of data and the approximate formula for fiduc

ial limits was employed. As the potency is the same for both 

methods fiducial limits are just as valid as the ~ ratio for eo~ 

parison of methods in this case. 

The pooled analysis is presented in Table 24. It is 

evident that for all four methods the variance between replicates, 

on the average, exceeds the variance for error. The ratio of these 

two variances is significant in each case at the 5 per cent point 

on the basis of the pooled degrees of freedom, but is not signifi

cant (e.g., tibia ash) on the basis of the average number of degrees 

of freedom available for the individual oils. The same is true for 

all criteria of response except that of toe ash. This would indi

cate that the variance ratios are on the borderline of significance 

and exhibit values which require more than one assay before their 

significance can be established. The important fact seems to be 

that while the ratios are not excessively large (toe ash to the 

contra~). nevertheless 1 the variance for error does underestimate 

the whole variability of the assays. 

In order to determine what effect the ratios of the re-

plicate variance to the error variance had on the fiducial limits. 

part of the series of assays was recalculated using the group means 

as single individual values. To clari(y further the relation be• 

tween the variance ratios and the limits, the F values for repli• 

~ cates were computed for the combined unknown and standard oils and 



Criterion 
ot 

Calcification 

Tibia ash 

Toe ash 
(extracted) 

Radiographs 
(3 weeks) 

Radiographs 
(2 weeks) 

55 a. 

TABLE24 

Pooled Data for Comparison ot Varianoes 
Between Replicates and for Error 

No. ot 
Oils 

31 

9 

35 

13 

Variance Degrees 
ot Due to 

Freedom 

Replicates 168 
Error 4251 

Replicates 53 
Error 1384 

Replicates 183 
Error 4140 

Replicates 76 
Error 1671 

Mean F 
Squares Values 

17.834 1.71 
10.449 --

6.131 2.36 
2.600 --

0.0527 1.24 
0.0425 --

o.o36l 1.so 
o.o241 --

Ieoesaary 
F 

(P=0.05) 

1.19 --
1.35 --
1.18 --
1.29 --
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entered along with the limits. These data are ginn in Table 26 

with means of groups of assays for comparing the different criteria 

ot calcification more critically. 

Table 25 shows that the relation ot the limits calculated 

from replicates to those calculated tram error varies in proportion 

to the F value. There is an appreciable difference in the magnitude 

ot the F values of different assays. AYerages for all assays at the 

foot ot this table show that for all methods the limits calculated 

from replicates are on the average wider than those calculated from 

error. In the comparison of methods the three week X-ray method and 

the tibia ash method on the average yield quite similar results 

(assays 87-95). In the next comparison (assays 99-114) limits tor 

replicates tor the 3 week methods give the same interpretation of 

the variability. with tibia ash being a probable exception. This 

discrepancy seems to be caused chiefly by Assays 105-109 which were 

carried out at the same time and which may not be entirely represent

ative. 

EXamples ot the methods of calculation are given in the 

Appendix for both the B.S.I. (1940) procedure. using individual 

X .. ray data. and the Bliss {1940) method. using replicated group 

(fresh toe) data. to per.mit comparison ot the two methods. Bliss's 

method is particularly suited to the use of group means as there 

should seldom be difficulty with missing values. The differences 

in the calculations are obvious. When these are considered. together 

with the labour saved in composite ashing. some idea of the advantages 



TABLE 25 

Comparison of fiducial Limits Calculated tram Variance Between Individuals (error) 
and from Variance Between Replicate Groups 

APPROXIMATE FIDUCIAL LIMITS1 COMBINED F VALUES 
LIMITS 

ASSAY NO. OF CALCULATED Toe Ash Radio- Radio- Toe 
NO. CHICKS . FROM Tibia (Ex- graphic graphic Toe Ash (Ex- x-ray x-ray 

Ash tracted) (3 weeks) {2 weekB) (Fresh) Tibia tracted) (3 wks.) (2 wks.) 

62 

77 

87 

88 

89 

90 

91 

92 

93 

94 

95 

99 

100 

101 

102 

103 

104 

106 

106 

107 

108 

111 

112 

114 

259 Replicates 85-117 78-128 
Error 86-116 85•118 

400 Replicates 81-124 91-110 
Error 91-110 91•110 

340 Replicates 84-119 82-123 
Error 85-118 80.125 

332 Replicates 85-118 65•154 
Error 85-118 79-126 

358 Replicates 89-113 65-153 
Error 84-119 78-128 

331 Replicates 8Q-125 78-129 
Error 87-115 

310 Replicates 84-119 84-120 
Error 85-118 

307 Replicates 80.125 83-121 
Error 86-117 

341 Replicates BQ-125 89-112 
Error 86-116 

340 Replicates 81•124 
~ Error 88-114 

319 Replicates 83-121 --
Error 87-115 --

322 Replicates 66-151 71-142 
Error 

340 Replicates 72-139 85-117 
Error 

325 Replicates 71•141 81-124 
Error 

324 Replicates 74•135 82-121 
Error 

326 Replicates 58-174 7Q-142 
Error -- --

270 Replicates 87-115 85-117 
Error -- --

245 Replicates 51-195 75-134 
Error 

244 Replicates 3Q-337 75-133 
Error --

241 Replicates 37-271 73-137 
Error 

237 Replicates 41-241 75-133 
Error 

429 Replicates 84-119 86-116 
Error 

198 Replicates 74-135 82-122 
Error 

266 Replicates ao-125 61•164 
Error -- -· 

Mean• of assays for comparing methods 
62-89 Replicates 85-118 76-134 

Error 86-116 83-121 
87-95 Replicates 83-121 --

Error 86-117 
99-1142 Replicates 63-175 77-131 

Error 

-----
80.125 
83-121 
80.125 
82-123 
78-128 
82-121 
79-126 
85-118 
88-114 
84-119 
85-118 
85-118 
80.125 
82-122 
82-122 
84-119 
82-122 
85-118 
68-146 
71-141 
80.125 
74-135 
70.142 
76-132 
79-127 
77-129 
58-174 
70..142 
80.125 
83-121 
67-148 
79-127 
65-154 
73-138 
65-153 
76-132 
68-148 
74-135 
74-135 
83-121 
73-138 
80..126 
63-158 
70.144 

--
82-123 
84-120 
70.144 
76-133 

All assays3 Replicates 83•121 76-134 75-135 
Error 86·116 83-121 79-128 

-----
--
--
--

-
---

--
--

72-138 
8Q-125 
64-156 
72-139 
58-172 
64-157 
50..200 
66-152 
63-158 
69-146 
58-172 
76-132 
47-211 
59-171 
72-140 
63-158 

-
-

61-168 
69-148 

61-168 
69-148 

r 

•• Oo84 1.7~ -- -
•• 4el&lf- Oe93 --

0.94 0.67 lo13 

o.62 3.o~ 1.09 --
0.40 2.48* 1.26 --

79-126 1.93* 1.61 -- --
69•145 le38 0.75 -- --
79-126 2.49* -- 1.09 

--
1.78* 1.01 

2.26~f- 1.01 -
-- 1.77 1.18 - --

78-128 -- 1.21 

88-114 '· 1.02 -
82-123 -- -- 1.27 --
86-116 0.92 -- -- --
74-136 -- - 2.02* --
87-116 -- -- 1.06 

83-121 -- ~ 1.95* -
78-129 -- -- 1.25 --
76-132 1.62 

77-130 1.23 --
80..125 1.59 

58-173 - 1.46 

64-156 -- -- 1.36 --
1.39 1.77 ---
1.51 -- 1.11 - --

78-131 -- 1.38 -- -
•• 1e69 1.77 1.27 

- --
* F values significant at 5,% point. Significance of mean F values not assessed here. 
1 Approximate limits calculated for "t" at P = o.o5. 
2 Only 8 assays used in average for 2 week radiographic method. 
3 All assays having values for both replicates and error. 

---
--
---

--

---
--
--
--

1.89* 

1.42 --
1.14 

2.23* --
1.12 

1.43 --
1.07 --
0.44 

-
1.34 

1.34 -
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ot this system may be gained. Furthermore. as mentioned before. 

because different dosage groups cannot be fed in the same pens 

the variance within pens may not be a valid error for testing dif

ferences between treatment. e.g •• in this laboratory the testing 

error wuuld be underestimated. 

B. The Estimation of Error from the Variation in Response of 

Replicate groups with Time. 

It has been observed that the refinements introduced in 

the preceding section may not explain all the discrepancies found 

in the chick assay. The variation in repeated assays or the srume 

oil are often greater than would be expected. Discussions with 

other workers indicate that this difficulty is not confined to this 

laboratory. Discrepancies in the data of some laboratories men

tioned by Bliss (1946) suggest the presence of some factor or fact

ors which cause differences between assays greater than the intern

al errors o£ the assays. The impression is that an estimate obtain

ed from a series of assays may be more reproducible than one which 

is determined at any one t~e. because of the possible bias o£ a 

single test. Bliss (1945) has suggested the use of a combined slope 

from several assays. waddell and Kennedy (1947a) showed that this 

procedure has advantages. Whether it would be applicable to all 

laboratories would depend on the relative magnitude of the factors 

involved. In view of the importance of this problem. it seemed 

desirable to study the variability of response when assays are re

peated at different t~es. 
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Series of assays for each of the three criteria of cal

cification. tibia ash. toe ash and x-ray. were selected from data 

extending over two years work. Details of the assay procedures 

~re given in earlier sections. Only those assays were selected 

in which four groups of chicks had been f'ed the Canadian Standard 

Reference Oil at each of three dosage levels. The dosage levels 

{9. 15 and 25 units per 100 gm. diet) and the distribution of' 

groups in the various pens were the same in all assays. Under 

these restrictions there were 12 monthly tests available for tibia 

ash, 19 tests for toe ash and 6 tests for the radiographic method. 

Analysis of variance was carried out in each case on the group 

means. Assuming that the variance within groups determined in the 

previous section was a reliable estimate, this variance was con

verted to the group basis by dividing by the mean of the number per 

group (Snedeoor and Cox. 1935). As the numbers per group ~re ver,y 

unifor.m the error of this method was considered relatively unimport

ant. Data from an analysis of an assay which had been replicated 

three times are also included. In this assay 3 groups were fed at 

each of three doses during each of three months. The dosage levels 

were 10. 16 and 22.6 units per 100 gm. diet. 

In the study of the reference oil alone. four groups at 

different cage levels were fed each of three doses of the standard 

oil. Accordingly. the sources of variation in each month may be 

partitioned as follo~: 
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Factor D.F. 

Cage level (replicate) 3 

Slope (b) 1 ) 
) Dose 

curn.ture 1 ) 

Cage X Slope 3 ) 
) Cage X Dose 

Cage X Curvature 3 ) 

It was found that although cage X slope interaction tended 

to be somewhat greater than the cage X curvature interaction. they 

. 
were similar enough to be pooled for an error ter.m. This cage X dose 

variance was then determined tor each assay and the series of values 

so obtained tested for homogeneity by Bartlett's ~test. The -y!-

values for tibia and x-ray methods were 17.4 (11 d.£.) and 4.16 

(5 d.t.). respectively. These were not significant at the 5 per cent 

level but the x_z.. for toe ash. 44.17 (18 d.£.)~ was significant. Never--

theless. these cage X dose varianoes were pooled over the whole length 

ot the experiment to furnish an over all error term with 72 degrees 

ot freedom tor tibia ash 114 tor toe ash and 36 for the x-ray data. 

The complete analysis of variance is given in Table 26. For com-

parative purposes. the variance& within subclasses and within groups 

of chicks discussed in the previous section are also listed. 

The significance of cage level and months may be judged 

by the magnitude of the interaction of the two factors. only tn 

the case ot tibia ash is the cage level significant and then just 

on the borderline. The month taotor is highly significant in all 
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TABLE 26 

Analysis of Variance of Response to Canadian Standard Reference Oil 
in Several Assays tor Three Criteria o£ Calcification 

TIBIA ASH TOE ASH X-RAY 
SOURCE OF 
VARIATION 

Months 

Cage level (Reps) 

Cage x Month 

Slope b0 

curvature 

Months x Slope 

Months X Curvature 

Error 

Within dose month 
subclasses 

Within groups 

D·F• 

11 

3 

33 

1 

1 

11 

11 

72 

108 

2300 

* Significant at P = o.os 
* " " P< 0.01 .. 

Mean 
Squares n.F. 

24.93;:• 18 

1.78 3 

0.61 54 

664.97*H- 1 

0.21 1 

2.aa.~ 18 

2.8or.'* 18 

1.09 114 

0.96 171 

o.sao ssoo 

Mean Mean 
Squares n.F. Squares 

a. 75!h'=* 5 0.2483** 

0.125 3 o.ooo2 

0.199 15 0.0023 

156.35(}** 1 0.6211~£* 

0.377 1 o.o1a2·u· 

l.lB~'m 5 0.0102*1-

0.488~~ 5 0.0053 

0.236 36 0.0030 

0.222 54 0.0026 

o.145 1200 o.oo24 
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oases indicating that the response is subject to periodic variation. 

This should not affect the precision of the assay as both standard 

and unknown oils should be affected equally. 

The slope is highly significant. The fact that the curv

ature is negligible except for X-ray data indicates that. on the 

whole. the assays were valid as far as linearity was concerned. The 

higher curvature for the X-ray data suggests a difference in the 

sensitivity of this criterion to the levels of vitamin fed. Exam

ination of the curves show that somewhat lower levels would furnish 

a more sensitive assay when the X-ray criterion is used. The month 

X slope interaction is significant in all cases. indicating that 

the slope of the dose response curve varies significantly from 

month to month. The month X curvature interaction is also signifi

cant for toe and tibia ash. It is suggested that this combination 

of conditions may be caused by changes in the sensitivity of the 

chick to vitamin n. i.e •• the amount of vitamin required to give 

measurable response. That this is probably the most important 

single factor is demonstrated by the fact that when the slope X 

month interaction is recalculated using only the steepest part of 

each response curve. its significance disappears in the case of 

tibia ash and x-ray data and is greatly reduced in the toe ash data 

although it still holds a probability of approximately 0.01 per cent. 

The slope X month interactions become 0.87• 0.556 and 0.0030• resp. 

tor tibia. toe and x-ray data. The reason for the higher variabil-

1~ of the toe ash response is not clear but as the same assays 
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were not available for all criteria their comparison is not as 

critical as would be desired. The stability of slope in the tibia 

and x-ray data are in line with the findings of Bliss (1945). 

Table 27 presents an analysis of the response to two oils. 

In each assay an error ter.m was calculated with 10 degrees of free

dom consisting of the pooled interactions involving the replicate 

or cage level factor. These te~ were essentially homogeneous 

from one assay to another and were. therefore. pooled to obtain an 

error ter.m for the whole experiment with 30 degrees of freedom. The 

difference between the assumed potencies of the oils is larger than 

desirable and possibly contributes to the significant lack of paral

leli~. This condition. however. should not invalidate tests of 

other factors. Variation of slope from month to month is not signi

ficant. although for tibia ash the potency changes appreciably. 

The interaction of months with other effects (6 degrees of freedom) 

is significant for the x-ray data and fairly high for tibia ash. 

Because of the high month X curvature effects in Table 26 

and the relatively high interaction of months with other factors in 

Table 27. it is evident that under the conditions of this laborator.y 

the most sensitive part of the curve is not always in the same part 

of the range of 9• 15. and 25 units as used here. Possibly there 

should be four doses in this range for this laborator,y. The dif

ficulty of deter.mining the exact position is obvious when the fact

ors controlling these changes are not understood. Experimental 

conditions may ~ in other laboratories to produce different 
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TABLE 27 

Analysis of Variance of Response of TWo Oils 
in Three Assays by Three Criteria 

SOURCE OF MEAN SQUARES 
VARIATION n.F. Tibia Ash Toe Ash 

Months 2 11 .ss g.::-~ 2.688* 

Cage Level (Reps) 2 0.164 0.221 

Cage x Month 4 0.752 0.336 

Oils 1 417.661~-~ 62.412~-* 

Combined Slope 1 68.476~1' 18.233~~ 

Parallelism 1 11.716** 1.761 

Combined Curvature 1 1.078 o.o13 

Opposed Curvature 1 0.163 Oe475 

Yonths x Oils 2 6.798* 0.642 

Months x Slope 2 o.a64 le294 

Months x other Effects 6 3.028 f 0.394 

other Interactions 30 1.393 0.519 

* Significant at P = o.os 

** .. 

x-ray 

o.0514-r.* 

o.ooos 

0.0010 

o.9GO~ 

0.2147** 

o.o2a9** 

o.oo1a 

o.oooo 

Oo0034 

o.oooo 

0.0105*-* 

0.0018 



effects from those observed here. Studies on the factors causing 

this change in the position of the response level should aid a 

great deal in improving the assay technique. Undoubtedly they in

clude such influences as season. te.mperature6 diet of parent stock• 

supply of vitamin and mineral in the egg and possibly others. 

As the slopes are actually homogeneous for tibia and 

x-ray data the use of a combined slope as suggested by Bliss (1945) 

is permissible. It would mean6 however. that more dosage levels 

should be fed but only the sensitive portion of the curve used in 

calculations. This may mean discarding some groups of chicks. If 

3 doses are used for calculations as is customary. there remains 

the question as to what should be done until dosage responses can 

be predicted accurately. or can be controlled at constant levels. 

Alternative suggestions include the use of only the steepest part 

of the response curves. or the replication of assay groups over a 

period of time. The latter method may be particularly effective 

in aiding in the study of the factors involved6 particularly the 

variation from month to month. This method would also seem to be 

indicated for assays such as the determination of the potency of D3# 

where the most accurate and reproducible work is required. When 

the variance is increased by the use of month factors in this way 

the fiducial limits of the assay will be found somewhat wider. 

However. there should be greater probability of duplicating an 

assay within predicted limits 6 i.e •• greater reproducibility. 



That the month factor is of considerable importance in 

this laborato~ is further substantiated by studies on the growth 

of chicks on vitamin D tests. Data on the increase in weight in 

3 weeks of chicks fed the A.o.A.c. diet with various levels of the 

Canadian Standard Reference Oil were selected from 21 assays in

volving almost s.ooo chicks. The standard oil had been fed to 3 

or 4 groups of chicks at each of three dosage levels. These levels 

~re the s~e in each assay and were considered as different diets 

for the purpose of this study. An analysis of variance presented 

in Table 28 was made on the group means. The variance tor indivi

duals. based on 11 assays. was calculated in the usual manner and 

divided by the harmonic mean ( 18. 8) of the number per group to 

bring it to the group basis. 

It is evident that. using the within group variance as 

testing error. there is a significant variance between replicates 

or within subclasses. Using the latter variance as testing error. 

there is a significant variability for the diet X month interaction. 

This indicates that the difference between diets in different months 

varies significantly more than would be expected from random sampling. 

It may. therefore. be concluded that until conditions can 

be controlled and understood. the error of an assay may be found to 

be greater than predicted from the variance within or between r~ 

plicate groups of chicks. The replication of groups over a period 

of time may furnish a more reproducible type or assay and be part

icularly useful in experimental studies of the method. 



63a. 

TABLE 28 

Analysis of variance of Repeated Tests 
on Growth of Chicks on Three Dietsl 

variance Mean 
Due to D.F. Squares 

Diet 2 2007*''1-

Month 20 1373-H 

Diet x Month 40 81~· 

In subclasses 185 55-i~ 

Within groups 2090 27.6 

1 Analysis consists of 2 series ot 
assaYB• 3 groups per diet for 8 
months and 4 groups per diet for 
13 months. Interaction and main 
effects compared with subclasses 
and subclasses with groups. 

* Significant at P = o.os 
-3H~ " " p < 0.01 
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DISCUSSION 

The revi6W of literature has indicated that a great deal 

of research has been put into the chick assay for vitamin D yet 

the methods are still cumbersome and far from satisfactory. In 

many experiments there has been little if any adequate statistical 

control. In this thesis an attempt has been made to critically 

assess various modifications of the assay method with the aid of 

recently developed bioassay techniques. 

Four criteria of calcification have been compared. All 

methods show considerable and approximately equal variability in 

their estimate of the potency of the oils and in their reproduci

bility. For an estimate of the precision of an assay involving 

individual data. the radiographic technique has unquestioned ad

vantages in manipulation and practically equal precision to other 

methods. If x-ray equipment is not available. the use of toe ash 

on the extracted basis offers considerable simplification and equal 

precision to the official tibia ash procedure. If a purely routine 

prooedure is required• the use of toes on the fresh basis undoubt

edly furnishes the most rapid procedure. The 2 week feeding peri

od seams of particular value for use with fresh toes although it 

also is applicable to the other procedures for estimates of potency 

involving composite data. Its wide application. however. may be 

limited as the precision is relatively law. 

A comparison of the preventive and curative types of 

feeding periods indicate that the age of chicks is more important 
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than the type of period. The spread between dosage levels in

creases with age. It is possible to obtain a 35 to 40 per cent 

increase in precision by the use of a 3 week curative period as 

compared to the 3 week preventive. for the chicks are a week older 

at the start of the curative period. Provided diets produce a 

reasonable degree of rickets there is little difference for diets 

of widely differing calcium and phosphorus contents in the slope 

per unit dose. The position of the response line. however. may 

may vary markedly. The A.o.A.c. diet is as good as any which have 

been tested. The advantage of crossbred chicks does not seem to 

be as important as has sometimes been postulated. It is suggested 

that the strain of chicks may be of equal or greater importance. 

The calculation of fiducial l~its in the usual manner 

from the error variance may very definitely underestimate the 

whole variance of an assay. For this laboratory. the adoption of 

routine replication of groups to be used for the estimation of 

error seems to be indicated. Besides expressing the error of an 

assay more adequately. the use of replicate groups will cut the 

labour of the toe ash methods to less than 1/15 of that required 

for individual data. The latter may then be disregarded. As 

there is fair agreement in most cases between limits calculated 

from composite fresh toe data and from other criteria of response. 

the use of fresh toes should merit wider use as a rapid routine 

procedure. 



The applicability of this system of analysis to data ob

tained in other laboratories will, of course, depend on the rela

tion between the two variances in those laboratories. However, in 

view of the differences found between replicate groups in collabor

ative assays, e.g., Baird and Barthen (194lh it may be expected 

that the use of replicate groups for the estimate of error should 

have a wide applicability. 

The importance of the variation in response of replicate 

groups with time has been demonstrated. The results indicate that 

the chick assay for vitamin D is not as precise as it has sometimes 

been considered. Until these sources of variation are known and 

understood• it is suggested that repetition of assays may be neoes

sar,y for reliable results. One group of chicks at each of three 

levels of each oil repeated in 3 or 4 months should offer a repro

ducible assay. This would make assays somewhat slower to complete 

but the increase in reliability of the result should warrant the 

time if a particularly reliable estimate is required. In view of 

the greater variability of slope and curvature with time, it will 

be evident that fiducial limits calculated from a variance in

volving months will be somewhat wider than if calculated from re

plicates in one assay or from individuals. The wider limits in

dicate that the chick assay for vitamin D is not as precise as it 

has sometimes been consideredo It suggests the need for repet

ition of experiments before general conclusions are drawn. It 

also suggests that some of the lack ot agreement found in 
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collaborative assays and chick experiments may be attributed to 

variation within the laboratories themselves causing a bias in 

individual tests. 

Since this system of assay was proposed~ Waddell and 

Kennedy (1947b) with the collaboration of Bliss, published a 

method of analysis involving the estimation o~ error from the 

deviations of group means £ram the log. (dose)-response curve. 

There was no essential difference between this method and the 

calculation of error from replicates when applied to the same 

assays, i.e., both criteria gave the same measure of experiment

al error. If several replicates or months are used for each dose 

then the method proposed in this thesis would be the logical one 

to use. However, if replication is not practiced then the method 

of Waddell and Kennedy must be used. The question then follows, 

is replication necessary? It is the author's opinion that it is 

necessary until such time as more is known about the chick assay 

method. The variability of the variance for error in the work of 

Waddell and Kennedy (1947a) indicates that their method does not 

estimate it as reliably as would be desired. The use of the com

bined slope markedly improves the estimate of error and eliminates 

some of the rather impossible values. However~ as pointed out in 

the last section, to use a combined slope it must be relatively 

unifor.m from assay to assay. To obtain this uniformity~ certain 

doses may need to be discarded. This again reduces the available 

data. 
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It is pointed out that our knowledge of vitamin D assay 

is still far from complete. The most logical approach to the pro

blem would seam to be a comprehensive study by several laboratories 

of all factors which cannot be held under control but which may 

cause variability in the assay results. For this purpose repeated 

assays of oils should be carried out using replicated groups at 

each dosage level. It is with this idea in view that the method 

outlined in the Appendix has been proposed. 

In view of the advantages of using a crystalline material 

rather than a cod liver oil for reference standard. the following 

recommendations are made: (1) That crystalline n3 be used as a 

standard for vitamin D tests with chicks. (2) that in place of the 

International Standard for n2• vitamin n3 be used as the Interna

tional Standard for all vitamin D tests. (3) that the standard 

solution be made up in the same way as the B.s.r. (1940) provision

al standard. i.e •• each mg. solution to contain 0.000025 mg. cryst

alline D3• (4) that the weight system of expressing potency be 

adopted with the descriptive term "rat test'' or "chick test" ap

pended to indicate the type of test applied. (5) that if the unit 

system is to be adhered to. the units be designated "International 

chick unit" and "International rat unit" of vitamin D. 

The response range of 10 to 20 A.o.A.c. units would be 

equivalent in the weight system to approximately 0.2 to 0.4 micro

grams as one unit would be equivalent to approximately 0.02 micro

grams. Of course. as mentioned above, if the weight system were 

used it would eliminate the use of units entirely. 



(1) 

APPENDIX 

The following method is proposed on the basis of a con

sideration of the literature and of the results reported in this 

thesis. This method is not to be considered as a final or com

plete procedure but rather as a tentative one which may serve as 

a guide in future studies of the method. That there is great need 

for such detailed studies is evident from the foregoing discus

sion. The method should be especially useful where a particularly 

reliable estimate of potency is required. e.g •• in the estimation 

of potency of pure vitamin n3• 

The system of statistical analysis chosen to handle the 

data is that of Bliss and Marks (1939a• b) and Bliss (1940). other 

methods give approximately the same results and the B·S•I• method. 

which has been used to a considerable extent in this thesis. is 

also outlined here (Tables IV to VII) for reference purposeso In 

view of recent changes in the concept of error in chick assays. 

which have been outlined in this thesis. and of the need for stat

istical studies of the procedure the method of Bliss was thought 

to offer certain advantages. 

TENTATIVE PROCEDURE FOR CHICK ASSAY OF VITAMIN D3 

The assay is conducted on groups of chicks kept in 

screen bottom cages away from sunlight or other source of actinic 

light. There should be constant temperature control throughout 

the room during the test period. Artificial light is supplied 



tor 12 hours per diea. 

Chicks 

(2) 

Chicks. tram stock ot uniform breeding which has receiTed 

an opttmua level of ~tamin D. are placed in batteries at one or 

two days of age and fed the rachitogenic diet ad libitum tor one --....... -
week. At this time the chicks are distributed at random into 

groups of ten to twenty and fed the rachitogenic diet with various 

levels ot Titam1n D supplements. 

Diet 

The A.o.A.Co diet ia recommended. The composition is 

as tollows: 

Per cent 

Ground corn 57 

Kiddlinga 26 

Casein 12 

Bon•irrad. yeast 2 

cas(P04)2 2 

Iodized salt 1 

Corn oil 1 

JIDS04 0.2 gm./Jd.lo. 

!he ingredients must be thoroughly mixed. The calcium: 

phosphorus ratio should approximate 1.2:1 with a phosphorus content 

of 0.1-0.9 per cent. Only one batch of diet should be used for all 

groups of any one test. To facilitate mixing with the diet, the 

oila containing Titamin D are diluted to one per cent of the 
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diet with corn oil. Negative control diet is mixed with one per 

cent corn oil aloneo Fresh water is supplied ad libitum to all -----
groups. 

system of Assaz 

All data will be on the basis of group meanso All re-

sponses must be on the linear part of the log. {dose)-response 

curve, and dosage levels should be spaced at equal logarithmic 

intervals to per.mit coding in the calculations. 

For routine tests, three or four groups of chicks should 

be ted at each of three dosage levels of the standard reference 

oil. It is desirable to have the same distribution of groups for 

the unknown oil. 

For assays where greater accuracy and reproducibility 

are desired the groups should be replicated over a period of weeks 

or months, using different lots of' chicks, diet, etc. This will 

tend to eliminate the possible bias of an assay carried out eo~ 

pletely at one time. 

The length of the feeding period on the curative diet 

may be varied from 2 to 4 weeks according to the precision requir-

ed. At the end of the period the chicks are killed by chlorofor.m-

ing in groups. 

Criteria of Calcification - Toe Ash 

Centre toes are removed at the third joint from the claw, 

taking care not to cut the bone on either side of the joint. The 

determination of ash may be made on the fresh basis when the toes 



(4) 

are put into tared weighing bottles. After weighing. they are 

ashed at 8000 c. to constant weight. the temperature being raised 

slowly at first. If ashing cannot be carried out immediately the 

toes may be put into crucibles and dried to constant weight. When 

convenient the toes are ashed in these crucibles. The moisture

free fat-free basis may also be employed to express toe as~ in 

which case the toes are wrapped in hardened filter paper by groups 

and preserved in 9~ ethyl alcohol until extraction can be carried 

out. Extraction with alcohol and ether may be carried out in a 

large Soxhlett or Bailey-Walker type extractor. The use of both 

centre toes serves to increase the accuracy of the test with little 

extra labour. 

Estimation of Potencz and Error of Assays 

Bliss's {1940) factorial analysis has been applied to 

the chick assay for vitamin D. The calculations of an assay in 

ter.ms ot fresh toe ash data are given in Tables I and II• It is 

necessary that equal numbers of responses be available for each 

dose of both standard and unknown. Dosages should be equally 

spaced on the logarithmic scale to facilitate codingo The re

sponses. i.e •• group means, are put down under their appropriate 

headings. In this case tl1ere are three replicate groups for each 

of three doses of standard (S) and unknown (u). Analysis of vari

ance is then carried out on these group means. The total sum of 

squares is partitioned into that between doses and within doses 

or error. This partition is used where replicate groups are fed 
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in one complete assay. If these replicates constitute different 

months or positions then the variance for the three months can 

also be segregated from the error variance. As pointed out pre

viously, this may result in considerably greater reproducibility 

o£ the estimate of potency. The error would then have ten instead 

of twelve degrees of freedom and be made up as follows: 

Month X dose 

Month X oil 

Month X dose X oil 

D.F. 

4 

2 

4 

In Table II, Bliss's factorial coefficients for the 

sources of variation are given and factors are obtained for cal

culating potency and ltmitso The totals of the 3 responses are 

put down under the appropriate headings. The column headed 

"Divisor" is obtained by multiplying the number of responses for 

each dose by the square of the coefficient (x) for that dose. 

The next column is the sum of the products of eaoh total multi

plied by its appropriate coefficient. The values may be positive 

or negative. The variance column is the square of the sum of 

products divided by the divisor for each item. and the last column 

is the square root of the variance. Factors D and B take the sign 

of the corresponding sum of products# e.g., for X-ray data, B is 

negative. The significance of the vario11s factors is tested by 

comparing their variances with that for error determined from the 

analysis of variance. The first value in the variance. column 
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indicate& the difference between unknown and etandard. The •econd 

shows the significance ot the slope of the curves and should be 

large tor a good assay. The last three are tests tor non-paral

lelism, curvature. and opposed curYature. In an ideal assay. 

variances tor these factors should be less than the testing er

ror. In this case there is significant curvature of the response 

lines (1 degree ot freedom) when compared to error (12 degrees 

of freedom.) • 

Using the values obtained, the potency and limits are 

then calculated by aubstituting in the tor.mulae. K tor a 3 point 

assay ia 1.6330 and I is the log. interval between doses. Data 

troa this assay indicate that the potency may be expected to lie • 

with a probability ot 95 per cent, between the limits of 98 and 

136 units. !he most probable potency is 116 units per gr~ 

The calculation of precision of response lines is illus

trated in Table Ill• Standard deviation (a) is taken from the 

analysis ot varianoe. !he formula tor slope (b) tor an uneven 

number or doses is given and the factors are taken tram the appro .. 

priate columns ot Table II• I is the log. interval. The ~lue of 

0.069 is found for the •/b ratio on the group basis. This may be 

connrted to the basis or the indirldual chick by multiplying by the 

square root ot the number per group. !he standard error is obtained 

by substituting in the formula tor symbols derived earlier. The 

DUIIlber ot responses tor each oil is given by n. The s/b ratio is 

the moat ~lid measure tor comparing the precision ot response 

lines tor ditferent treatments or methods. 
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TABLE I 

Group Response and Analysis of Variance for Toe Ash Data 

(fresh basis) 

REPLI- RESPONSE 
CATES sl s2 s3 ul U2 u3 Totals 

1 3.72 3.83 4.62 3.85 4.00 4.52 

2 3.44 3.75 4.40 3.67 4.19 4.52 

3 3.69 4.10 4.47 3.73 3.92 4.68 

Totals 10.85 11.68 13.49 11.25 12.11 13.72 73.10 

Correction = T2)N = {73i0)2 = 296.8672 fg 
Total sum of squares a 299.4048 - c = 2.5376 

Doses sum of squares : 299.1926 - c = 2.3254 

variation due to n.F. sums of Mean Squares s.n. Squares 

Total 17 2.5376 -- --
Between doses 5 2.3254 0.4650 --
Within doses (error) 12 0.2122 0.0177 0.1330 



Etteot 

Samples 
Slope 
Parallels 
curvature 
Opposed 
Curvature 

Total Yp 

TABLE II 

Factorial Azlalyais ot Reapo118e and calcula.t1on of Pot8!107 and Error 

~- ·- -.. - ---~------~~-- -- ............... ......._.,___. .... - ---~· 
.... ..._-

Sum ot VariaDoe 
Factorial Coetticiente (z) tor Dose s2(x Y2) Divisor Product a 
St s2 s3 ,1 1f2 173 NS(x2) S(x Yp) llS(i2) vvariinoe 

-1 -1 -1 +1 +1 +1 18 1.06 o.oe2 = n2 0.249 • D 
-1 0 +l -l 0 +1 12 5.11 2.176 = 132 1.475 = B 
+l 0 -1 -1 0 +1 r 12 -o.l7 o.oo2 
+l -2 +l +1 -2 +1 S6 1.'73 0.083 

-1 +2 -l +l -2 +1 36 -0.23 o.oo1 

10o85 11.68 1S.49 11.25 12.11 13.'12 Error 0.0111 = a2 0.133 = 8 

M = X I D = (1.6330) (0.2219) 0• 249 
m 0.0612 

B 1.475 

Potency ~ Jntilog. K x Expected Potency = lel52 x 100 = 115 unite/~· 

8K • •K IVn2 + B2 = (0.133) (1.63S02 (0.22192~0.062 + 2.176 
B2 2.116 

. 
= (0.04820) (1.4959) = 0.03314 

2.176 
t = 2.179 (tor n = 12) 

t~ = 0.0722 and 0.9278 

Limits = antilog. t~ x 100 = 11~ and 8~ or 136 and 98 units. 
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TABLE III 

Calculation of Precision of Response Lines According to 

Bliss and Marks {1939) 

s = Standard deviation = 0.133 

For ~ doses. slope = b = S (x Yp) = 5.11 = 1.919 
I NS (x2) {0.2219) (12) 

On group basis sjb = 0• 133 = 0.069 
1.919 

On individual basis sjb = 0e069 X (}J per group = 0e308 (for 
20 chicks/group) 

2 
variance of ratio = V(s/b) = _s~ 

b2 ~~+~~ ( 8 b ) 

where 

and 

Oo0177 { 1 
= (1.919)2 ~ (2) (9) 

= 0.004806 ~0.05556 
( 

0.0177 1 ) 
+ • ---~--) 

(1.919)2 {0.2219)2 {12) ) 

+ 0.004806~ 
0.59088 ~ 

= 0.004806 {00 06369) = 0.0003061 

S.E. = Vv(s/b) = 0.0175 

sjb = 0.069 ! 0.018 (group basis) 

or 0.308 ! 0.081 (individual basis) 
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TABLE IV 

Calculation• on Reaponaea to Reference Oil trom IDClividual Data trom Radiographic Jlethod 

(B.s.r •• 1940• procedure) 

Dose Unite 
Group D/J.OO P• 

n1xl2 nlyl2 s1(t.m.t.)2 tla12 tl Boe Feed %1 Yl nl nlzl DlYl DlXlYl 

1 9 •l 1.166 12 -12 13.985 12 -13.985 16.2984 16.9515 0.6531 11 
2 9 -1 1.25'7 14 -14 17.601 14 •17.801 22.1282 22.3862 0.2570 lS 
3 9 -1 le2SS 15 •16 18.489 16 -18.489 22.1895 23.2958 0.5063 14 

41 50.075 61.158? 

4 15 0 1.214 15 0 18.207 0 o.ooo 22.0997 22.5611 0.4614 14 
6 16 0 1.066 14 0 14.914 0 o.ooo 16.8877 16.5178 0.6301 13 
6 16 0 1.1'71 14 0 16eS97 0 o.ooo 19.2044 19.6961 0.3917 13 

48 49.818 &7.0240 

7 26 +1 o.gsz 13 +13 12.606 13 +12.505 12.0288 12.3524 0.3236 12 

8 26 +1 0.901 16 +16 13.519 15 +13.619 12.184:2 12.7332 0.5490 14 
9 26 +1 0.989 16 +16 14.8S9 15 +14.839 14.6797 15.0668 0.3761 14 

4S 40.863 38.8322 

sums 127 +2 140.466 84 -9.212 157.0149 4:.1483 118 

Correction o.o32 2.212 156.3377 -
Difference P1. ql rl 

83.968-11.424 1.87'12 a12 =- o.oss1e 

- q12 X]. = +0.0167 
- :a 1.5543 
P]. 

- 1.106 Difference =A1 • 0.1229 Y'l = 
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TABLE V 

Caleulatiou on Reaponaea to mllalown Oil tram Indirtdual Data from Radiographic Method 

(B•S•l• 1940 Procedure) 

Dose units 
Group D,/100 gm. 

n2x22 J12Y22 s2(t ••• t.)2 tzs2 t2 Bo. Feed x2 Y2 D2 n~2 ~Y'2 n~2Y2 

---
11 9 -1 1.1S9 15 --15 17.088 15 -17.088 19.4666 19.8796 0.4130 14 
12 9 •l 1.190 15 -15 17.850 16 -17.850 21.2415 21.7622 0.5107 14 
13 9 -1 1.188 16 .. 15 17.826 15 -17.826 21.1844 21.6749 0.4905 14 

45 52.764 61.8675 

14 16 0 1.125 14 0 15.756 0 o.ooo 17.'1323 18.6082 0.8769 13 

16 16 0 1.053 13 0 13.683 0 o.ooo 14.4019 14.7854 0.3835 12 

18 15 0 1.1?9 14 0 16.608 0 o.ooo 19.4653 19.9546 0.4893 18 

41 45.947 51.4909 

17 26 +1 0.950 15 ... 1$ 14.250 15 +14.260 13.6376 13.9676 0.4300 14: 

18 25 +1 1.005 14 +14 14.065 14 +14.065 14.1303 14.1689 0.6286 13 
19 25 +1 0.911 16 +15 13.665 16 +13.666 12.4488 12.7105 0.2617 14 

44 41.980 40.0527 

SUDlS 130 --1 140.691 89 -10.784: 16Se4:111 4.4832 121 

Corrections o.ooa-1.oa2 152.2612 

Differences P2 q2 r2 822 == 0.03706 

88.992 -9.702 1.1499 

xi= -o.0077 C!22 - = 1.0677 
P2 

-Y'2 - 1.082 Difference = A2 = 0.0922 

Pooled a2 {239 d.r.) = 4•4~~~ ~ ~=~483 • 0.0361112 

Pooled • ~ 0.1900 

pooled b • Q/P ~ -9.702 • lle424 • •21.126 • 
88.992 + 83.968 172.960 -o•122

1 

Pooled •/b = •1.6561 
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!ABLE VI 

Calculation of PotenC,y and Fiducial Limits 

(approximate) 1'rom Radiographic Da.ta 

(B.s.I. 1940 Procedure) 

( . - ) )( = I ( ~ • ~ • Yl - Y2 ) 
( b ) 

- - .. -~ - ~ = +0.0234• Y'l • Y2 = +0.024 

b = -0.1221. I = Log. Interval = 0.2219 

K = 0.2219 (0.0234 - 0.024 ) 
-0.1221 

= 0.2219 (0.0234 + 0.1966) 

= 0.2219 (0.2200) = 0.0488 

Potena.y = ADtilog. » x Expected Potency 

= 1.119 X 100 

Liaits 

= 112 units/gm. 

s2 .:; ~!.. .!.. .! (E • j2)2 ~ 
b (.1 .2 p b ) 

2 ( 1 1 1 2) = (1.5661) (- + - + (0.1966) ) 
(130 127 172o960 ) 

= 2.4214 (0.00769 + 0.00787 + 0.00022) 

= 2.4214 (0.01578) 

= 0.038210 

s = o.l954 t(at P = o.os) = 1.97 

tSI = 0.197 X 0.1954 X 0.2219 

= o.oas and o.9150 

Limits = Antilog. (tSI) 

= 121.~ and 82.~ 

• 136 and 92 units. 

In 95% of the oases the potency will lie between 92 and 136 

probable value being 112 units. 
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i'ABLE VII 

!eata tor Lineari-ty and Paralleliam. o~ Doae-Reaponae Linea from Radiographic Data 

(B.S.I •• 1940• procedure) 

................................................ ~ .. ~~ ........................................................ ~----------~~ .-~~' 

Linearity ot log. doae-reapoDSe line tor reteranoe oil 

A1 Oe1229 g s.so. 
·- I •12 o.os&le (118 d.t.) 

T.inearity ot log. dose-reapo:nse line tor unlmown oil 

A2 = o.o922 = 2•49 
a22 o.oz705 

Parallelisa of linea 

{121 d.t.) 

A- q 2 2 2 
-~ = ...!.. + ~ _ ~ = 1.5543 + 1.0577 .. 2Qss04 = 0• 88 
;r-{pooled) p1 Pz P Oo03611 

Combined linearity and parallelism 

R~2 X 1 lol499 + le6772 • 2o6804 

(239 dote) 

A P d0898 - 3 _ s 0.08223 2 28 A. - Z: D. *'* (2S9 d.r.) 
.2 (pooled) 0.03611 o.03611 

* necessary F (at P = o.os) =- 3.92 

** neoeaaa.ry F (at P = o.os) = 2.64 



PART II 

THE CHEMICAL ESTIMATION OF VITAMIN D 

REVIEW OF LITERATURE 

The vitamin D potency ot a preparation may be deter

mined by :aeasuring the amount of light absorbed at the wave 

length of maximum absorption or by the intensity of colour pro

duced in a chemical reaction. Both methods have many advan

tages over biological procedures but the results may be affect

ed by interfering substances present in the vitamin D prepara• 

tion. These substances must be removed or corrections made 

tor their presence. With high potency products the error is 

relatively slight. but low potency products. such as are en

countered in control work in connection with the administra

tion of the Feeding Stuffs Act. contain a relatively large 

amount of these interfering substances and the.y provide a ve~ 

real problem in the satistactor,y testing of the product. These 

vitamin D products are sold to promote the mineral metabolism ot 

livestock and poultry. so it is ~portant that the chemical 

method of estimation be checked against biological assays. 

1. Spectrographic Estimation 

In 1932. Reeririk and van Wijk deter.mined the concen-

tration of vitamin n2 by measuring the absorption maximum at 

265 mu. The following year Fuchs and Beck (1933) and Fucha 
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(193S) reported that the spectrographic method had an accuracy ot 

2o-so per cent and agreed with the biological method within these 

limits. r8pelmann and Sebuhknecht (1935) also used a spectro

graphic procedure. Bowden and Snow (1934) studied the ohara.oter

istics of the absorption banda but did DOt use the procedure tor 

analJtioal purposes. 

He.man and stee:nbock ( 1935) showed that many substances 

were formed on irradiation of ergosterol and that vitamin n2 

could not be accurately deter.mined Qy the spectrographic method. 

Similar conclusions were arrived at by Brockmann and Chen (1936). 

Brockmann and Busse (1938) showed that the molecular extinction 

coefficients of vitamin n2 and n3 were the same. Marcussen 

(1939) estimated both vitamins ~ the spectrographic procedure 

atter removing interfering substances. He used calciferol as 

the standard and reported values tor several oils. Crews and 

Smith (1939) pointed out that calciferol is highly unstable under 

ultraviolet light. and to avoid loss. m~n:JmtDD exposure times must 

be used. They suggested a contiuuoua flow method ot exposing the 

solution during photometry. Nakamiya and Taldzawa (1939) con

firmed the work of Haman and Steenbock and found that there was 

no relationship between the extinction coefficient ot an oil. or 

ita unsaponifiable traction. and its biological potency. However. 

Nakamiya and Koizumi (1940) suggested that the interference by 

vitamin A in the vitamin D determination could be reduced by making 

the light absorption measurements after the sample had been irrad~ 
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iated tor some time. 01 Khin (1941) found that the vitamin n
2 

content of irradiation products as determined by the spectrographic 

method agreed with the biological potency. 

2. Color~etric Reactions 

One ot the first attempts to deter.mine the antirachitic 

activity of irradiated materials by means o£ a chemical reaction 

was made by Yoder (1926). He attempted to measure the peroxide 

content o£ various oils by means of the starch iodide reaction. 

It was found that peroxide content and antirachitic potency were 

not correlated but it was postulated that the capacity to form 

peroxides was a function of the antirachitic potency. Peroxide 

formation was produced by heating as well as by irradiation. It 

occurred with mineral oil as well as with animal and plant oils. 

As knowledge of vitamin D progressed it became evident that this 

method was not a reliable measure of antirachitic potency. 

Shear (1926) suggested a calorimetric method based on 

the red colour given by vitamin D in liver oils with a mixture o£ 

aniline and hydrochloric acid (15:1). This colour seamed to be 

correlated with degree ot irradiation but no biological tests were 

carried out. Later Levine and Shaugnessy (1933) reported that the 

reaction was not specific and that it was given by many substances 

including all the fat soluble vitamins. Stoeltzner (1928) used 

phosphorus pentaohloride to produce a reddish-brown colour re

action but Christiansen (1928) showed that other components of 

oils gave the same reaction. According to Meesemaeoker (1930) 



the addition ot zinc chloride or phosphoric anhydride to a chloro

tor.m solution ot ergosterol results in a rose colouration. If the 

solution was exposed to ultraviolet light a green colour appeared. 

the intensity o~ which was proportional to the length of time of 

irradiation. Cruz•Coke (1930) obtained a green colour when hydro

chloric acid was added to an alcoholic solution of irradiated er-

goaterol. With a trace or an excess of hydrochloric acid a white 

precipitate tor.med. The green colour did not appear with ergoat• 

erol. Roserihe~ and Callow (1931) found that when acetic acid or 

aercurio acetate in nitric acid was added to irradiated ergosterol 

a transient red oolour was followed by a permanent olive green. 

OXidized products give the same reaction. valent in ( 1931) tested 

tor the presence ot "Titamin" by adding chloroform and sulphuric 

acid to an extract af'ter reaoTal of ether. The next ,-ear Brandrup 

(1932) showed that the blue colour was a function ot the oil and 

not its ntami:a content. It was subject to J11MY interferences. 

Bruolmer (1934) showed that vitamin n3 ill benzene or chloroform 

with addition of aoetic anhydride. acetone. cupric acetate (or 

silver acetate) and zinc chloride gave a yellowish colour which 

rapidly- changed to red brown with an absorption band extending 

tram green to blue. This test was also given by oalciterol. Er• 

gosterol developed a per.manent blue violet colour with reddish 

tluorescence. Ralden (1936). Halden and Tzoni (1936). and !zoni 

(1936) reported a. colour reaction which they claimed was specific 

tor vita•in n. !he solution conta.iJdng vitamin D was treated with 



5•10 drops of 0.1 per oeut solution ot pyrogallol tn absolute al• 

oobol and concentrated to 0.1 Ill •• 2-4 drops ot fresh aluminum tri• 

chloride in absolute alcohol were added and the solution heated. 

If conditions were kept anhydrous a deep violet colour appeared in 

the absolute alcohol solution. The reaction was not affected by 

the presence of cholesterol. ergosterol or lumisterol. Supra

sterol II gave only a alight reaction. and vitamin A must not be 

present. The colour was compared with a dye standard and the re

action was sensitive to 2 micrograma ot vitamin n. Recently" Sobel 

et al. (1945) ha-ve reported that the reagent was difficult to pre• 

pare and the reaction generall7 unsatisfacto~o 

Robinson (1937) reported a colorimetric method based on 

the yellow colour formed when an alcohol solution ot vitamin D was 

boiled with sodium nitrite and acetic acid and then made alkaline. 

The reaction was not given b.1 cholesterol. ergosterol. de~dro

ergosterol or lumisterol but was given by vitamin A (orange) and 

the non-saponif'iable fractions of olive and arachis oil. The re

action was about one-tenth as sensitive as the antimony triohlo• 

ride reactio~ Solyanikova (1939) used the Tortelli and Jatfee 

(1914) reaction tor vitamin D but Rutkovskii (1940) showed that 

this reaction was also given by provitamins n. An aoetio acid 

solution of the vitamin when mixed with a ~ solution of bromine 

in chloroform gan a green colour with both forms of vitamin n. 

The use ot the anttmo~ trichloride reaction tor the 

esttmation ot vitamin D was first suggested by Brockmann and Chen 



(1936). A saturated solution of antimo~ trichloride in chlorofor.a 

yielded a pink colour (aximua 500 mu) with both vitamins n. Ta

o~sterol behaTed similar~ but other sterols gave weaker bands. 

It was claimed that vitamin A did not interfere in the reaction un

less present in more than six-times the concentration ot vitamin n. 

The orange yellow colour reached its maximum. in about 10 to 15 min

utes. Emmerie and Van Eckelen (1936). however. found that the re• 

aotion could be uaed with only relativelY concentrated preparations 

ot vitamin D. They also showed that Titamin A must be removed. 

They suggested the use of acetic a.nbydride (1 drop) to intensity 

the colour. Wolf't (1938) used the Brookmann and Chen reaction tor 

the deter.mination of ~tamin n2 in samples of irradiated ergosterol. 

the results of the chemical method varied from 8 to 4q% from the 

bioassay values. Vitamin A. carotenoids and sterols were found to 

interfere. Ritsert (1938) claimed that the method was not applic• 

able to low potency fish oils or to products obtained by the ir

radiation of the provitamins. The antimony trichloride reagent 

was found to be unstable and the limit of sensitivit)r was 15 micro• 

grams. 

Raoul and ){eunier (1939) further modified the antimoJV" 

trichloride reagent. adding sulphuric acid and using the following 

proportions: 

saturated solution o£ SbCl3 in CHCls .. 30 ml. 

Acetio anhWdride 

concentrated JiG S04 

.. 3 ml. 

- 6 drops 



This reagent must be fresh~ prepared. These authors studied the 

rates ot reaction ot various sterols and irradiation products using 

a blue filter (400.450 mu). For example. sterols containing one 

double bond reacted slowly while those containing two double bonds 

reacted rapidly and the colour iDtensit,r reached a constant value. 

Vitamins D2 and D3 yielded a colour of high initial intensi't7 which 

faded rapid~. The authors did not consider the effect of vitamin 

A but suggested the removal ot non-irradiated sterols of trans -
configuration with digitonin. (Provitamin& are more usually re

ferred to as having cis configuration). Nield. Russell and Zimmerli -
(1940) also bad difficulty with the Sbcl3 reagent and found that 

acetyl chloride stabilized and sensitized the reagent. They added 

2 ml. ot acetyl chloride to 100 ml. ot a 15 to 2q% solution of 

antillloD3' trichloride in chloroform. With vitamins D2 and n3 this 

reagent gave identical absorption curves with maxima at 500 mu. 

The colour reached a maximum in 30 seconds and was stable for 4-5 

minutes. This reaction was about three times as sensitive as the 

Broc~hen reaction and could determine 0.2 micrograms of 

vitamin D when a special cell was employed. To make this reagent 

applicable in the presence ot sterols, Zimmerli et al. (1943). add

ed a reducing agent such as metallic tin, zinc. etc •• to reduce 

the pentava.lent antimony which was causing the transient colour 

with sterols. In this work the reaction was not applied to fish 

oila but to relatively pure solutions ot the vitamins. Gudlet 

(1941) and Aranov and Geshe1ina (1944) also used the antimo~ tri-



chloride reaction and pointed out that the chief sources of error 

ill the determination of Ti tam:J n D in low potency oils were the 

sapoDitiable oil• sterols and vitamin A. 

Milas. Heggie. and Raynolds (1941) have used two methods 

tor the estimation of vitamin n. both employing the antimo~ tri

chloride reactioD. In one method vitamin A and sterols are esti• 

mated at 620 mu and 480 mu. respectively. and their presence cor

rected for in the estimation of vitamin D. This procedure has 

been criticised by :Morton (1942) as being empirical. In the other 

method the interfering substances are removed and vitamin D esti• 

mated in the purified solution. The latter method seemed more 

successfUl and yielded results more in line with the biological 

potency. vacher and Lortie (1943) used a 14.40'fo solution of anti• 

mony trichloride in chlorofor.m as a reagent. The,y plotted the 

whole absorption curve of the coloured solution and used two meth

ods to estimate the calciferol. In the first method• "Heterochro• 

matie Pbotomet~"• the difference between intensities at two wave 

lengths on either side of the maxima was plotted against wave 

length. In the second. increments of calciferol were added to the 

unlalown. The variation in intensity during the course of the re

action was studied. The authors claimed that these methods mini• 

mized the influence of interfering substance and only slightly 

reduced the precision. No data was given to show the reliabilit,y 

ot the method in practice. 

A very detailed procedure has been proposed by Ewing 



et al. (1943) using the reageut of Bield et al. (1940) and special

ly purified reagents. Vitamin A and sterols were removed by chro

motographic adsorption. Using this method they analyzed 51 samples 

ot oil and compared the results with the biological potency. They 

obtained fair agreement with oils containing at least s.ooo units 

ot vitamin D per gr~. However. the method is lengtey and seems 

rather empirical. judging from the cormnents of the authors on the 

tmportance of details. and furthermore. the purification of the 

reagents is cumbersome. 

Shantz (1944) drew attention to some ot the dittioulties 

inherent in the antimony trichloride reaction which have not always 

been considered. Using the original antimo~ trichloride reagent 

in chloroform he pointed out that the calibration curve is a 

straight line only with concentrations of 1 and 5 micrograms of 

'rltamjn n. that the maximum colour was reached in 4 minutes after 

addition of chloroform and that light or temperatures above or be

low 420 c •• tended to depress the colour. The application of 

these conditions to the modified reagents is not known although 

Nield et al. (1940) pointed out that their reagent also gave maxi

mum colour intensity in 4-5 minutes. More recently'. DeWitt and 

Sullivan (1946) have further modified the antimony- trichloride re

agent by using ethylene chloride as solvent. Anhydrous calcium 

chloride was added to absorb a:rtt.r moisture. The reagent was stable 

and with vitamin D gave a pink colour with an absorption maximum 

at 500 mu. A chromatographic procedure was used tor removing 



interfering substances. The results were in good agreement with 

biological tests but on~ four oils were reported coDtain~ng less 

than 1,000 units per gram. The authors admit that the limitations 

of the method have not been fully determined. The reaction ot 

antimony trichloride with other sterols has been studied by Lamb 

et al. (1946). 

other reactions for vitamin D have also been suggested 

recently. In 1943., Beall and Grant. reported a method based on 

Litsch~z' (1921) ferric chloride reagent. This had been used ~ 

Bergatr~m and Wintersteiner (1942) tor the estimation of 7-bydro

"Y' cholesterol. Beall and Grant found that the transient pink 

colour (-.xiDB 540 mu) appeared to be a function of the vitamin 

D2 or n3 content of the solution. Halpern (1944) made preliminary 

studies on the reaction. Recently". the same authors (Beall and 

Grant. 1946) presented a modification of the method in which the 

vitamin solution was first purified by running through specially 

activated alum1na using ethylene dichloride as solvent. The re

sults obtained when the modified method was applied to high potency 

preparations agreed well with biological assays. The reagent. 

although readily prepared. is not suited for low potency oils be

cause ot its low sensitivity., (100 micrograms per ml. of test 

solution). Guillot and saias (1943) observed a similar type of 

reaction with the Liebermann reagent and suggested the use of the 

transient rose colour as a measure o£ vitamin D activity. No 

attempt was made to develope the method. Sobel ,et •!• (1945) have 

suggested the use of glycerol dichloro~drin in the presence of 
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acetyl chloride as the basis or a colour reaction tor vitamin n. 

A transient yellow colour was for.med which turned to a stable green 

in one minute. The latter was used for the estimation of the vita

min. Ergosterol and 7-dehydrooholesterol gave comparatively little 

colour in this reaction but factors such as solvent-reagent ratio. 

time. and the amount of acetyl chloride affected the intensity of 

colour. 

Schaltegger (1946) has proposed a reaction for sterols 

with an aromatic alde~e in the presence of sulphuric acid. It 

was interpreted as a conde~ation ot the aldeh1de with the oarben

ium ion ot the sterol. The colour reactions of many aldehydes and 

sterols were studied. The reaction seemed rather cumbersome tor a 

routine deter.mination and it was necessary that the reagents be 

highly purified. It was not as sensitive as the antimouy trichlo

ride reaction (10 to 20 micrograms per ml.) and was subject to 

interference by sterols and vitamin A. 

3. Separation of Interferin~ Materials 

Interfering compounds are of three chief types~ sapon

itiable matter. sterols and vitamin A. Vitamin A and sterols give 

interfering absorption curves. All three substances react with 

many of the reagents to give similar or interfering colour react

ions. It is. therefore. ~portant that these substances be removed 

regardless of the method used to determine the vitamin. Because 

of their similarity in constitution the provitamin& D constitute a 

particular problem. 
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Fuohs (1933). Tzoni (1936). and Raoul and :Meunier (1939) 

and Morton (1942) used digitonin in alcoholic solution to preci~ 

pitate the non-irradiated sterols fro.m the unsaponifiable fraction 

of oils. The irradiation products of sterols do not react with 

digitonin. Natelson and Sobel (1935) suggested the conversion of 

the sterols and vitamin D to the potassium salts of their sulphuric 

acid esters by means of pyridine chloro-sulfonate and potassium 

hydroxide. The vitamin salts were soluble in ether while the sterol 

salts were insoluble. This method has not been applied to the 

estimation of vitamin n. 

!he removal of vitamin A by the addition of maleic acid 

anhydride or citric acid &nqydride has been suggested by Brockmann 

(1936) although Brockmann and Chen (1936) claimed that unless 

present in great excess the removal ot vitamin A is not neoessar,y. 

Woltt (1938) found that it was necessary to remove vitamin A and 

carotene in benzene solution with Montana earth. In low potency 

oils the sterols were precipitated with digitonin. Ritsert (1938) 

removed vitamin A by chromatographic adsorption on alumiDum oxide. 

Maroussen (1939) removed interfering substances by passing a hep• 

tane solution of the non•saponitiable traction through a Tswett 

column tilled with "bydrattin ~" as adsorbent. To minimize the 

effect ot vitamin A. Nak:amjya and Kaizumi {1940), have suggested 

that vitamin D be determined after irradiating the sample. They 

do not mention the possible formation or destruction of vitamin D 

on prolonged irradiation. 
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Kilas~ Heggie and Raynolds (1941) used two methods for 

eliminating vitam;n A and sterol interference. In the first 

method• Ti.tamin A and sterols were estimated in the antimony tri

chloride reaction at 620 and 480 mu. respectively. and correction 

made tor their presence. In the second method sterols were remov

ed by freezing in methyl alcohol at -100 c. and vitamin A was 

eliminated by coupling with maleic ~dride in dioxane. Gudlet 

(1941) suggested that oils be saponified• the sterols frozen out 

and vitamin A removed with maleic ~drideJ quantitative removal 

ot vitamin A was claimed. Aronov and Geshelina (1941) suggested 

that there should be vigorous stirring during saponification. 

sufficient absolute met}Vl alcohol to dissolve the non•saponifi

able traction and excess maleic anhydride to remove vitamin A. 

Morton {1942) considered maleic anhydride particularly useful for 

removing vitamin A and suggested the formation of a lithium chloride 

insoluble addition compound for the removal of sterols. vaoher and 

Lortie (1943) minimized the effect of impurities at the expense of 

sensitivity by measuring the absorption of the antimony trichloride 

reaction colour at two wave lengths one on each side of the maxjma. 

An extremely detailed procedure has been given by Ewing 

et al. (1943) for the removal of vitamin A and sterols. The non

saponifiable traction of the vitamin oil was taken up in a skelly

solve-ether-absolute alcohol mixture (50:10:1) and passed through 

a standardized column of Supertiltrol using Sudan III as a dye for 

the location of vitamin n. Vitamin A and sterols were removed from 

the top of the column and the vitamin D and other sterols eluted 
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and determined together using the Sbcl3 reaction. An aliquot was 

transferred to a mixture o£ skellysolve-benzene (1:2) and passed 

through Supertiltrol again. Vitamin D was retained on the adsorb• 

ent and the potency obtained from the difference between the com• 

bined reaction and the reaction ot sterols alone. Thibaudet (1945) 

used an acid clay to separate calciferol and tachysterol. The 

calciferol was adsorbed more strongly than the latter which was 

eluted with cyclohexane and alcohol (79:10). newitt and sullivan 

{1946) reported a comparatively simple procedure using et~l ether 

as solvent and a mixture (1:1) o£ magnesia and diatomaceous earth 

(Celite) as adsorbent. Five bands were obtained and the presence 

ot vitamin D (4th. band) was detected by using ultra-violet radi

ationso Vitamin D gave a colour which was stable for 5 minutes. 

after this ttme the interference by sterols was apparent. 

Since the completion of part of the work presented in 

this thesis. Beall and Grant (1946) reported the use of a specially 

activated alumina tor the removal of substances which interfere 

in their modified Lifsc~tz reaction. With high potency materials 

good agreement with biological data was obtained. 

The foregoing review of literature shows that many re-

actions have been suggested tor the estimation of vitamin D· Most 

ot them are not specific and much of the work is contradictory. 

only the antimo~ trichloride reaction has been tested with ~ 

degree of thoroughness. Fair agreement with biological data can 

be obtained using this reagent with high potency oils. but lil8llY 
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improvements are needed before it can be applied to law potency 

fish oils. There is no comparative data by which the relative mer

its of these methods may be assessed. One of the chief problems 

is the removal of the sterols and vitamin A which interfere with 

all colour tests and with the direct determination of the ab

sorption maxima of ~tamin D. It is also evident that difficulty 

has been experienced by workers in duplicating the results of others. 

In almost all the investigations there is a significant lack of de

tail as to what influence the various steps in the methods have on 

the absorption characteristics of vitamin D and interfering sub

stances in the oil. Without this detail. methods become empirical. 

Accordingly. in this investigation it was planned to 

stu~ the factors affecting the estimation of vitamin D by the ap

plication of three colour reactions and the ultraviolet absorption 

method. The colour reactions chosen for study were those employ

ing the Lifsch:itz reagent. antimony trichloride and glycerol di• 

chlorohydrin. 



EXPERIMENTAL 

Reagents 

tt 
LitschUtz reagent - 1 gm. Fec13 was dissolved in 900 m1. 

glacial acetic acid and lOO ml. concentrated sulphuric acid added 

(Beall and Grant. 1943). The reagent is stable for 2 to 3 months • 

.Antimoey trichloride reagent - This was prepared accord

ing to DeWitt and Sullivan (1946) using ethylene dichloride as the 

solvent. 

Glycerol dichlorohydrin reagent (G.D.H.) - One per cent 

acetyl chloride was added to the activated G.D.H. prepared by 

Shohan Labs •• N.J. according to the recommendations of Sobel et al. 

(1945). 

Apparatus 

EvelYA Photoelectric Colorimeter.- Filter 540 mu was used 

tor measuring the pink oolour in the Lifschtitz reaction and 440 mu 

tor the green colour. Filters 420 and 620 mu were used £or the 

G.D.He reaction. 

Cole.man Universal Spectrophotometer.- This was used tor 

the estimation of peroxidea by the Chapman and McFarlane reaction 

(1943). 

Beclana'?!! 0JarlZ Spectrophotometer. Model DU. with Corex 

and silica cells of 1.000 : 0.004 om. thickness. Minimum band 

width was used where possible but below 260 mu it was necessary to 

use a 2 mm. setting. This was decreased to approximately 1.0 mm. 

at 300 mu and much less at higher wave lengths. Sensitivity 
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control was used at 1 to 3 turns from clockwise limit where pos

sible. Readings are indicated in the figures and were generally 

taken at intervals of 5 mu. Between 258 and 270 mu the intervals 

were 2 mu. 

n 
(a) LIFSCHUTZ REAGENT 

1. Vitamin D2 

Prelim:lnary studies were made wtth crystalline vitamin 

D2 as it was more readily available at the time. " The Litschiitz 

reagent was used and chloroform was the solvent tor the vitamin. 

" On addition ot the Lifschutz reagent to vitamins D a transient 

pink colour appears which reaches a maximum intensity and fades 

in less than half a minute. i.e., the galv&nometer swings dcnm--

ward, stops momentarily and then swings back. After approximately 

one minute the galvanometer again swings downward in response to 

a green colour of increasing intensity. According to Beall and 

Grant (1943) this double reaction is characteristic of vitamins D 

while proTitami.ns show only the green colour. They further 

apecit,y that it the galvanometer does not return after indicating 

the maximum intensity of the red colour. the reaction is atypical 

and the result should be discarded. Reaction curves were deter-

mined tor three samples of vitamin n2 and are show.n in Figure 11. 

There is considerable difference between two presumably pure 

samples (1 and 2). Another sample (3) which had been exposed to 

the air tor about 6 months but kept under refrigeration showed 

very low potency. 
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The Chapman and McFarlane (1943) thiocyanate reaction 

tor the detection ot peroxides was used to determine the oxygen 

uptake by this exposed sample of vitamjn n2• A peroxide value of 

approximately 1080 mg. equivalents per kilo. of vitamin was found 

tor this sample while the fresh samples gave a scarcely detectable 

reaction. For one double bond in the Titamjn to be completely 

oxidized. 2520 mg. eq. ot oxygen would be required. This means 

that about 2/5th of the vitamin was oxidized in the exposed 

sample leaving 3115th in the original form. I.f' it can be assumed 

that the oxygen taken on at any one of the four double bonds -.1.11 

cause loss of potency~ then the potency of the material ahould be 

about 3/5th of its original value. The potency of the product as 

determined by the Lifsch.gtz rea.ction showed that only 2/5th remain• 

ed unchanged. The difference may indicate that the loss of potency 

is not entirely accounted tor by oxidation. It is possible. how

ever. that in this preli•inary work the difference could be ac• 

counted tor by variations tn the two procedures. 

FUrther studies on the oxidation of vitamin D2 under 

various conditions indicated that it was slowlY oxidized on stand-

ing tor more than tour hours after the sol vent was removed. The 

oxidation was more rapid at higher temperatures or when aerated 

and was slower in vacuum. The changes are indicated by the fact 

that the galvanometer return became less marked, finally disap• 

• t• became a~ioal of vitamins 
pearing altogether. 1•e•• the reac 1on '~J~ 

D. 



87. 

2. Vitamin D~ in Oil Solution 
• g ... 

Vitamin Dz produces a mnre intense colour with the 
tt 

Lifschutz reagent than vitamin D2 and. therefore. a separate cali• 

bration curve must be used. This is shown in Figure 12 and was 

used tor estimating the potency of all preparations reported here. 

It can be seen that the reaction is va.riable as was pointed out by 

Beall and Grant (1943). i.e •• the points do not all tall on the 

line. As these authors suggested. however. a fairly reliable 

value may be obtained it the average 3 readings at different con-

centrations are used. When the optical density is plotted against 

concentration in miorograms of vitamin n. a straight line is ob• 

tained only within certain limits. i.e •• between 100 and 300 micro• 

grams or 200 and 400 micrograms. Fra.m the values of K (i.e •• 

2•log. G ) also plotted in Figure 12. it is evident there is 
concentration 
considerable variability and that the best straight line portion 

to use is probably 100 to 300 miorograms. 

One of the chief objectives of this investigation was to 

apply the method to low potency oils. Solutions of crystalline D3 

in corn oil were prepared and attempts made to recover vitamin D 

quantitatively. The saponification procedure consisted in adding 

3 ml. 50'fo KOH and 30 m.l. 95% ethyl alcohol to varying quantities 

of the oil up to 5 gm. and boiling on a water bath until saponifi• 

cation was complete. which sometimes required as long as two hours. 

MUch difficulty was experienced in reproducing results at 
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different times but it was found that the length of time the saponi

fied mixture stood in contact with the alcoholic KOH had a signifi

cant influence on the value obtained. For example. on standing 

overnight there was a 20'fo reduction in the apparent vitamin D con

tent. The reason tor this was that sterols and related substances 

reacted with the reagent to give high values. As vitamin n3 is 

stable in cold potassium hydroxide and the extraneous material is 

not. there is a reduction of the material determined as vitamin D 

when the mixture is allowed to stand overnight. This was demon

strated in the following experiments• 

A corn oil solution was prepared containing 1.000 micro• 

grams crystalline vitamin D3 per gm. Eight samples of 0.6 gm. each 

were weighed out. To tour ot these samples, 6 gm.. of oil was added 

to each, to bring the concentration of vitamin n3 to approximately 

100 Bdcrograms per ~ All the samples were saponified and let 

stand for 'Varying lengths of time before the non-saponi£iable frac

tion was extracted. The results of this experiment shown in Table 

29 are typical of many experiments. The data also indicate that 

tor solutions ot vitamin n3 in oil the Lif'sch-lltz reagent gives a 

fairly good estimate of vitamin D content provided two conditions 

are met. i.e •• that the saponified oil stand overnight before ex

traction and that the concentration be at least in the neighbor

hood of 1_000 Jlicrograas (5o.ooo A.o.A.C. units) per gram. 

That it was some compound other than vitamin n. which 

was decomposing on standing, 118.S shown by taking crystalline D3 
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TABLE 29 

The Effect of Cold Alcoholic Potassium HYdroxide 
after Saponification on the Apparent Ds Content 

ot oil Solutions 

1'11le 
Recovery at 2 Concentrations of D3• (%) 

(hrs.) 1000 ugm. D3 100 ugm. D3 (approx.) 
in 1 gm. oil iD 1 gm. oil 

0 117 217 

6 120 150 

18 107 162 

42 101 125 
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solution in chloroform. removing the chloroform and carrying out 

the saponification procedure in the usual way. After two hours 

on the boiling water bath there was no loss ot vitamin n
3

• The 

loss on standing is considered to be within the error of the method. 

The results were as folloWB: 

micrograms of vitamin n3 

In original aliquot 

After 2 hours 
saponification 

After 2 hours 
saponification and 

1600 

- 1650 

24 hours standing - 1550 

To prove that the reagents. i.e •• alcohol and potassium ~droxide. 

were not causative factors in the decomposition. determinations 

were carried out using freshly mixed reagents and others that had 

been prepared tor some time. No difference was found. Further 

studies on the effect o£ alkali on oils are reported in the section 

on ultra-violet absorption measurements. 

The Litsch~tz reagent reacts with ergosterol to give a 

bright red colour. This colour is extremely transient and cannot 

be accurately measured in the Evelyn colorimeter. It appears to 

be of similar intensity to that obtained with equal amounts of 

•t . D Tl. &mlDS e The green colour also increases in intensit.y ve~ 

rapidly. It is suggested that this type of reaction may be re

sponsible £or the disappearance of the return o£ the galvanometer, 

mentioned earlier. in low potency samples with a corn oil base. 
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The increase in colour with the Litsch!tz reaction in oor.n oil 

solutions may also be due to ergosterol or closely related sterols. 

Cholesterol had no effect on the reaction in concen

trations up to ten times that o£ the vitamin n3 present. This 

substantiates the work of Grant and Beall. However. in greater 

amounts. when tested alone. cholesterol did give the red colour 

as well as the green colour but showed no typical return of the 

galvanometer as with pure vitamin n. It is evident that cholest-

erol or similar animal sterols in fish oils react in a manner 

similar to that of ergosterol or other plant sterols in cor.n oil. 

Attempts were also made to make a blank reading with 

the corn oil alone. so as to obtain a correction factor which 

could be applied in the estimation of the vitamin• Duplicate 

samples of 10 and 20 gm. o£ corn oil were weighed out. To one 

of each• 600 micro grams of vitamin n3 was added in oil solution 

and then all were subjected to the saponification procedure and 

" the Lifschutz reaction. The galvanometer readings were recorded 

at intervals up to 6 minutes and the optical density plotted 

against time as shown in Figure 13. The curves show the effect of 

the oil in obscuring the reading of the initial pink colour with 

10 grams corn oil. The optical density measured at 540 mu reaches 

a plateau and remains constant for a few seconds, then gradually 

increases as the density of the green colour increases. With pure 

vitamin D the intensity of the red colour decreases in the manner 

h t•ty o£ oil is doubled 
indicated by the dotted line. When t e quan 1 
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the curve shows no levelling off and in general cannot be distin

guished from the one containing no vitamin n. There seemed no 

possibility of obtaining a correction factor from these data. It 

is possible that. it the wave bands isolated by the 540 filter 

were narrower. the interference offered by the green colour ~uld 

not be present and the reaction would be more specific. 

Further studies on the green colour reaction of chol-

esterol and fish oils likewise gave negative results. The idea 

had been to determine the apparent cholesterol content of the 

oil by comparison with a concentration curve of the green colour 

reaction. The value obtained was then subtracted fro.m the ap-

parent vitamin D content to give a corrected vitamin D value. 

However • no constant relation was found which could be applied 

and in most cases the correction was much too large. 

3. Removal of Interfering Compounds 

various procedures have been suggested for the separ

ation ot vitamins A and D but the adsorption technique seemed the 

most promising. Several attempts were made to use the procedure 

ot Ewing et al. (1943) but it was not found satisfactory. It is 

possible that this was due in part to differences in the adsorp

tive properties of the Supertiltrol. After maDY preliminary ex• 

periments. it was found that a chloroform solution of vitamins A 

~ r·ltrol gave the best and D. When put through a column OJ. Super ~ # 

separation. The columns were prepared as outlined by Ewing et al. 

r two oils were used to 
The non-saponifiable fractions o 



study the separation of vitamins A and n. One oil was a vitamin 

A and D concentrate and was used to study the conditions for re

moval of vitamin A. The other oil was a solution of vitamin n3 

(crude) in corn oil and was used to study the recovery of vitam;n 

D in the eluate. Using the vitamin A and D concentrate it was 

fotmd that vitamin A was removed completely (as indicated by the 

antimony trichloride reaction) when a.n aliquot of a chloroform 

solution of the non-saponifiable fraction was passed through a 

tightly packed two centimeter eolumn of Superf'iltrol. The recov

ery of vitamin D from the same type of column was then tested 

using the second oil. It was found that the more Superfiltrol 

used the greater was the adsorption of vitamin n. Typical results 

are given in Table 30. By carefully washing the column and using 

a 5-10 ml. aliquot of solution it was possible to reduce the loss 

to &.1o or less using the 2 cm. column. 

Various other a.dsorbents and solvents were tried in e.n 

effort to obtain a more complete separation of vitamins A and n. 

but none were satisfactory. It was found that vitamin A in chlor

oform solution was not adsorbed by Broclanann•s alumina and only 

slightly adsorbed on a silica-alumina adsorbent. In petrol ether 

both vitamin A and D were adsorbed by Superfiltrol but could not 

be eluted with ethyl ether or chloroform. 

Direct adsorption of vitamin A from the oil solution 

was tried in an effort to simplify the procedure by eliminating 

the saponification of high potency oils containing vitamin A. It 
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TABLE 30 

Reoove~ of Vitamin D after Paaaing 
Through Supertiltrol Column 

Amount Amount Through Depth of 
Present Column Supertiltrol 

(micrograms) {micro grams) (cm.) 

154 104 7 

154 140 4 

154 145 2 

173 164 2 

156 145 2 



was found that, under these conditions, vitamin A diffused rapidly 

down the column and separation was not possible. However. vitamin 

D came through with little loss. 

Carotenoid& are removed by Superfiltrol but do not in

terfere greatly in the reaction for vitamin n. It is the sterols. 

in lower potency oils which cause most of the difficulty as dis

cussed earlier and as shown in Figure 13. Various procedures have 

been suggested for their removal. including digitonin precipit

ation. freezing out. and selective adsorption. Ewing et al. 

(1943) outlined a procedure involving selective adsorption using 

Supertiltrol but in our hands it did not prove suocesstul. Pre-

liDdnary tests were made on the freezing out method using both 

met~l alcohol and petrol ether. Better separation was obtained 

using the latter. as filtration was very difficult with methyl 

alcohol. 

In general. the Litsch~tz reaction is not sufficiently 

sensitive tor low potency oils and the results are variable. The 

" sterols of corn oil have been shown to react ~th the Lifschutz 

reagent and to be decomposed on standing in cold alkali after 

saponification. Ergosterol reacts with the Lifschfttz reagent to 

give a very transient red colour. It is this type of reaction 

whioh may obscure the typical colour reaction of vitamins D alone. 

Sterols have not been satisfactorily separated from vitamin D but 

vitamin ~ may be removed from a chloroform solution by Superfil• 

trol while rl tamin D may be washed through the column. 
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(b) ANTIMONY TRICHLORIDE REACTION 

1. Factors Affecting Reaction 

The antimony trichloride reagent was prepared according 

to the method of DeWitt and Sullivan (1947). These authors point 

out that the limitations of their method have not been fully de

termined. It was found that the colour intensity reached a max

imum in l to 2 minutes (Figure 14) and in about 5 minutes began 

to decrease gradually. The decrease was not great up to about 1 

hour. On standing 24 hours all concentrations of vitamin D gave 

the same intensity of colour. 

The calibration curve was found to be linear over a 

range of concentrations from 2 to 20 micrograms but the K values 

were uniform only from 8 to 20 micrograms. This differs somewhat 

from the findings o£ DeWitt and Sullivan using ethylene dichloride 

as solvent and of Shantz (1944) using chloroform. The variability 

of individual determinations was not great but the reagent lost 

sensitivity rapidly after standing for more than two weeks. It 

was of approximately the same sensitivity as that used by Nield 

et al. (1940). It was found that in comparing blanks using dif

ferent solvents petrol ether gave an increase in colour on stand

ing over 10 minutes but this would not affect the reaction as 

ordinarily used. In ethylene dichloride and ohlorofor.m there was 

no change in colour up to 90 minutes. The effect of solvent on 

h th · tamin was not the reaction of ant~ony trichloride wit e V1 

great as ethylene dichloride gave approximately the same reading 
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as the same concentration in petrol ether. 

DeWitt and Sullivan recommended dissolving the sample 

in o.s ml. petrol ether for the reaction with 9.5 ml. antimony 

trichloride solutioD4 It is often more convenient where lower 

dilutions are used to employ a greater volume of solution. It 

was found that within certain limits the ratio could be changed 

without affecting the reaction as shown in Table 31. A narrower 

ratio than 2:8 o£ solvent to reagent seamed to affect the sensi

tivity of the reagent. The effect of temperature on the reaction 

was also investigated and the density of the colours tor.med at 

approximately 200 c. and 400 c. were compared. Both the solvent 

and reagent were held at those temperatures until mixed. The 

results were somewhat variable but the indication is that raising 

the temperature to 400 c. increases the density of colour. This 

is in agreement with the work o£ Shantz (1944) using as the re

agent antimony trichloride in chlorofo~ The differences indi

cate that the slight variations wlrl.ch obtain under usual labor

atory conditions may not be of great ~portance. 



95a. 

TABLE 31 

Effect ot ReagentaSolvent Ratio in 
Antimo~ Trichloride Reaction 

(Galvanometer set at 100 without colorimeter tube) 

GalTomaeter 
Sample Solvent Reagent Reading 

ml. ml. ml. Per cent Transmission 

0.1 0.4 9.5 62.0 

o.1 0.9 9.0 62.5 

0.1 1.4 8.6 62.0 

0.1 1.9 a.o 62.6 

0.1 2.4 7.6 66.0 

0.1 2.9 1.0 66.0 
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(c) GLYCEROL DICHLOROHYDRIN REACTION 

1. Sensitl:vity of Method 

Sobel et al. (1945) proposed the glycerol dichloro~drin 

(G.D.H.) reaction for vitamin D as having certain advantages. They 

recommended a solvent to reagent ratio of 3:2 as being best suited 

for the estimation of vitamin n. In Figure 1 of their paper it may 

be noted that the density of the colour obtained in the G.D.H.-cal• 

ciferol reaction increased rapidly with lowered wave length in the 

vicinity of 400 mu. The maximum is higher than at 625 mu which is 

the wave length they recommend for making the reading. There seam

ed a possibility of making the method more sensitive by reading at 

about 400 mu if' the maximum in this region was significantly higher 

than that at 625 mu. 

Vitamins D2 and n3 and a high potency Dupont oil were 

dissolved in chloroform and G·D·H• added. After about 20 minutes. 

absorption measurements were made in the Beckmann spectrophoto

meter at wave lengths from 300 to 800 mu. The extinction coeffic

ients are plotted in Figure 15; the values for the oil being ad

justed to plot on the same scale. The E value at 410 mu is much 

greater than that at 625 mu for both vitamins. the latter maxima 

being low and ill defined. Absorption measurements at 410 mu would 

thus greatly increase the sensitivity. Furthermore, vitamin D3 has 

a slightly higher extinction coefficient at 410 mu while at 625 mu 

the reverse is true. The same figure also illustrates the similar-

i~ in the reaction of a high potency oil. Sobel et al. (1945) 
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chose 626 mu on the basis that ergosterol and ?•dehydrocholesterol 

interference was less here than at 400 mu. In fish oils the pre

sence of ergosterol may be disregarded. The tact that the maxima 

ot the oil at 410 mu is not obscured is conclusive evidence tor 

this type of oil that the measurement of colour at this point 

would be much more sensitive and satisfactory than at 625 mu. The 

reaction with ergosterol produces a series of colours that change 

slowly over a period of several hours. It may also be noted that 

possible interference offered by vitamin A in this reaction is at 

a minimum at both 410 and 626 mu (So bel and werbin, 1946 )• 

time studies of the G.D.H. reaction, using a 3:2 ratio 

of solvent to reagent. measured at four wave lengths 310. 363, 

410 and 625 mu suggest it is even more complex than indicated by 

Sobel et al •• (1945) and is subject to the influence or many fact

ors. With ttme the optical density at 310 mu reaches an initial 

peak in less than one minute, fades rapidly in the first 20 minutes 

and more gradually thereafter. This initial peak of absorption is 

higher than at ~ other wave length but was not considered suit

able tor general use. It is difficult to get the solution well 

mixed and read in the Beokman spectrophotometer before the colour 

fades and it would have no application to filter oolor~eters such 

as the Evelyn. The reaction at 410 mu is a convenient one as it 

reaches a peak in about 25 minutes and remains relatively constant 

for 10 minutes. At this time the colour is seven times as intense 

as at 625 mu. The density at 363 mu is somewhat greater than at 
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410 mu but it does not reach a definite plateau and is still grad

ually increasing at 90 minutes. At 625 mu the colour density is 

law and relatiTely constant. 

When the ratio of solvent to reagent is changed to 1:4 

the situation is somewhat different. The effect of t~e on the 

reaction at different wave bands is relatively the same as found 

with the 3:2 ratio. However. the density at 410 mu is greatly 

increased• amounting to approximately 20 times that at 625 mu with 

a solvent to reagent ratio of 3:2. For example. 50 micrograms 

vitamin Ds per ml. solution yields a colour with a density of 0.07 

at 625 mu and le43 at 410 mu. The reaction at 410 mu is influenced 

much less by the constituents of fish oils and no more by the con

stituents of cor.n oil than it is at 625 mu. By increasing the 

ratio to 1:9 and 0.5:9.5 only slight increase in density is found. 

By employing these high ratios of solvent to reagent this reaction 

is made equal in sensitivity to ultra-Tiolet absorption measure

menta and much more comparable to the antimony trichloride method. 

Aa colorimetric measurements are more conveniently made 

in the Evelyn colorimeter the re-lation between the two wave lengths 

was studied iD this instrument. The filters used were 420 mu and 

620 mu and a 3:2 ratio of solvent to reagent was used. As was ex

pected• the calibration curves in Figure 16 were much steeper and 

more sensitive at 420 than at 620 mu. The increase in sensitivity 

using the EVelyn colorimeter. however. is not equal to that record-
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FIGURE 16. Density-concentration relations for the G.D.H. reaction 

with vitamin n3 and an oil at 420 and 620 mu. 

(Evelyn Colorimeter) 
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ed on the Beolnnan spectrophotometer which isolates narrower wave 

bands. It is alao evident that the individual deter.minations all 

tall on a straight line suggesting that this reaction is not sub-

" ject to the variation found in the Litschutz reaction. The curve 

at 420 mu is made up of two parts and the points representing the 

values tor the oil tested are in excellent agreement with those 

tor the pure vitamin in the range of lOO to 500 microgramse Hem-

ever. the curve for the oil is not parallel to the vitamin curve 

at 620 mu. Substantially similar observations may be made from 

Figure 17 for vitamin n2 and another oil. 

2. Factors affecting Reaction 

Sobel et al. (1945) developed the G.D•H• colour iD the 

dark. It was found• however • that daylight had no effect on the 

reaction. The reaction time was also studied and the results are 

presented in Figure 18. 

and the oil reaches a maximum in 45 to 60 minutes. In 90 min11tes 

there is a tendency to fade. Sobel et al. (1946) did not observe 

any fading of the colour up to 120 minutes. 

Fra.m these studies. it is evident that the G.D•H• react-

ion is convenient and reliable. The colour formed is suttioiently 

stable to facilitate reading and is not subject to the variations 

" ot the Litschutz reaction. When the absorption is measured at 410 

mu with a solvent to reagent ratio of 1:4 the sensitivity is~ 

creased about 20 told. 
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FIGURE 17. Density-concentration relations f or the G.D•H• reaction 

with vitamin n2 and an oil at 420 and 620 mu. 

(Evelyn Colorimeter) 
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(d) ULTRA-VIOLET ABSORPTION STUDIES 

1. Solvents 

In view ot the results reported above and the lack of 

detailed absorption data in the literature it seamed essential to 

investigate, in some detail, the characteristics of the ultra

violet absorption curve of vitamin D and related compounds. 

The Beckman quartz spectrophotometer with silica cells 

was used. An average E 'V&lue o£ 467 was found for vitamin D3 

which checked fairly closely with the 'Value of 481 as reported by 

Huber, et al. (1945). According to these authors vitamin n2 and 

n3 in alcohol or hexane solution give indistinguishable absorption 

curves. Th~ further state that purified skellysolve B (i.e •• 

essentially n-hexane) should be optically transparent dawn to 225 

mu. This was found impossible to attain by the procedure given by 

the authors (i.e., alternate treatment with fuming sulphuric acid 

and alkaline per.manganate) or ~ other known purification. The 

transparency of several solvents was investigated and compared with 

distilled water with the results shown in Figure 19. Hexane (petrol 

ether) was only slightly improved by purification and none of the 

solvents except 9~ alcohol were ver,y satisfactor,y for absorption 

measurements belaw 260 mu including commercial absolute alcohol. 

The product used was prepared tram 9~ ethyl alcohol. Fractions 

of hexane, with different boiling points. did not differ great-

ly in light absorption except when the boiling point was above 

sao c. This traction is somewhat less transparent. Because 
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ot thia low transparency of solvents it was decided to use a 1 per 

cent solution ot hexane in alcohol. In the case of oils. unless 

stated otherwise. they were dissolved in the 1 per cent hexane then 

made up to volume with alcohol. 

Using this procedure samples ot vitamin D3 from Ayerst. 

McKerma. and Harrison. Ltd •• and Dupont were compared spectrophoto

metrically. The maxima were slightly different and also the height 

ot the peak• although at 265 mu the extinotions were identical. 

The curves are given in Figure 20 and are similar to curves deter

mined in alco~l alone. In view of the observed differences and the 

possible dittioulty in purification of vitamin Ds (HUber et al •• 

1945) it would seem that further study on the purification of Ds 

would be desirable so that uniform preparations can be obtained 

tor a biological standard. 

2. Chromatographic Studies 

DeWitt and sullivan {194'1) indicated that vitamin D3 

could be separated trom interfering substances by a mixture ot MgO 

and Celite. Beall and Grant (1946) suggested activated alum1na 

(Harabaw) tor this purpose but neither method was found satisfact

ory. It was difficult to remove the viturln from the adsorbent in 

both cases. In the latter case the temperature or activation for 

the alnmina may haTe been rather high. However. this difficulty" 

iD duplicating conditions between laboratories is not conf'ined to 

thia laborato~ and from discussions with other laboratories (e.g., 

Dr. K. Morgareidge. National Oil Products. Ltd.) seems to be one 
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ot the chief problems ot the method. Nevertheless. in view of the 

lack of data in the literature, it was decided to study the reco~ 

ery or vitamin Ds from Superfiltrol although it was realized that 

results obtained here may not be entirely reproducible elsewhere. 

It was found necessary to use purified petrol ether for 

elution as well as tor the actual spectrophotometric reading. 

This is illustrated in Figure 21. Thirty ml. ot petrol ether were 

e'ftporated• the residue taken up in 95% alcohol• containing 1% 

purified petrol ether. and compared againat a blank of the sol

vents alone. There was marked density in this solution as compared 

to a similarly treated aliquot ot purified petrol ether. The lat

ter was identical with the check sample which was aloohol contain

ing 1% petrol ether. The two latter curves indicate the reliabil• 

1~ of the results and the slight effect ot sol~nt differences. 

The adsorption and elution of vitamin D3 trom Super£11-

trol was studied. It was found that purifying the petrol ether 

decreased the affinity of the adsorbent tor the vitamin. It re

quired 30 per cent et~lene dichloride in commercial petrol ether 

to elute a detectable amount of vitamin while with purified petrol 

ether alone vitamin n3 could be detected tn the eluate. 

Adsorption columns were prepared by attaching small bore 

tubes to the base ot 16 mm. teat tube•• The Superfiltrol was 

tightlY packed in the test tube to a depth of le6 to 2 om. One 

111. of a solution o£ oil in purified petrol ether was added after 

the colUIIIII was wet with petrol ether. To elute the Titamin the 
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purified and not purified. (See text) 



column was washed with forty ml. of petrol ether followed by the 

same volume of ether conta~Ding 1% and 10}! ethylene dichloride. 

These fraotionB were collected separately and the solvent evapor

ated. The residue was taken up in a small volume of petrol ether 

and made up to volume with ethyl alcohol. The density of these 

solutions were then deter.mined with the Beckm•m spectrophotometer 

using the corresponding solvent as the blank. Typical results are 

shown in Figure 22. All three tractions gave the SbCls test. The 

petrol ether traction has an ill defined maximum at 265 mu and the 

other two tractions have maxima at approxi•tel,- 265 mu. This 

separation is not clear cut and f'urtller refinement seems indicated 

before a fraction of relatively pure vitamin D can be obtained. 

3. Extinction Ratios 

Extinction ratios have been of great value in the deter• 

mination of ~tamin A being used to characterize the absorption 

curves of the vitamin. It was thought that this approach would 

otter a means of deter.miniDg the effectiveness of various methods 

tor the removal of interfering substances in the estimation of 

vitamin De The Ef'~ ratios at 255/265• 275/265 mu and 250/265 

mu. 280/265 mu have been used to characterize vitamin n3 before 

and after saponification. The data are given in table 32. It is 

evident. even in these high potency oils. that the absorption 

curve of the Ti tamin is not well defined. Saponification does not 

greatly increase the similarity" to the pure Titamin. The separa• 

tion of various tractions with Supertiltrol is not effective as 
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TABLE 32 

EXtinction Ratios for Samples of Vitamin n3 
and High Potency Oils 

Ratio Vitamin Oil 1 Oil 3 Oil 4 
{mu) Ds Saponif'ied 

255,/265 0.96 o.ss 0.97 0.89 

276/265 o.ss 0.90 0.91 0.92 

250/265 0.89 0.86 1.00 0.90 

280/265 0.70 o.ao o.ao 0.81 
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tar as vitamin D is concerned. 

Alkali Treatment 

" In earlier studies with the Litschutz reagent it was found 

that certain compounds in corn oil reacting with the reagent were 

unstable in cold alkali when the samples were allowed to stand af'ter 

aaponU'ication. !he same samples ot corn oil were not available but 

other samples ot corn oil and fish oils were saponified and let 

atand tor periods up to 96 hours before extracting the non-saponi

f'iable traction with ethyl ether. The ether was removed and the 

residue redissolved in 2.5 ml. purified petrol ether and made up 

to 50 ml. with ethyl alcohol. Absorption measurements were made at 

wave-lengths from 230 to 350 mu. Several types of fish oils. con~ 

taining 200 to 400 A.o.A.c. units of vitamin D and 1.000 to 3.ooo 

I.u. ot vitamin A. and corn oil were also tested in this manner. 

The curves varied considerably but typical examples are given in 

Figures 23 and u. The treatment with alkali seems to produce ab• 

sorption maxima in the range ot 260 to 270 mu. The sample of corn 

oil showed high absorption only below 260 mu and the curves were not 

greatly ditterent whether the oil had been allowed to stand in con-

ta.ot with alkali or not. 

In general. the absorption studies have indicated some of 

the difficulties iD the applying ot these procedures to the estima• 

tion of vitamin n. The use ot extinction ratios has been shown to 

be advantageous. unless the ~roposed methods include suoh data 
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th~ became empirical. Cold alkali treatment after saponification. 

alaw1Y ohangea the absorption oharacteristies of fish oils. with 

var.ytng effect. 
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(e) COMPARISONS WI!H CHICK ASSAYS 

" The estimation of vitamin D by the Lifaohutz reaction waa 

oampared with the chiok assays using a series of oils. Chemical 

teats were carried out on duplicate samples of oil. Saponification 

was unnecessary tor the high potency oils used in thia work with 

the exception of the oil containing vitamin A. The oil was diluted 

to necessa~ volume with chloroform and the test applied to three 

different aliquots each o£ which were made up to 3 ml. Nine ml. of 

the Lifaohdtz reagent was added to each tube. The lowest point o£ 

swing of the galvanometer was noted atter setting to 100 with the 

blank and an average of three values was take~ Biological assays 

were carried out at ottawa completely in duplicate. over 2.000 

chicks were used to assay the seven oils. The ash contents of dry 

and extracted toes (see Part I) were used as criteria of calciti-

cation. 

Collaborative studies were arranged with Dr. G.A. Grant 

ot Ayerst. McKenna and Harrison. Ltd •• Montreal. wno supplied both 

chemical and biological data. The collaborative data presented in 

Table 33 thus furnish a fairly reliable comparison of the estimates 

of potency ~ the two procedures. The ratios of biological to chem-

ical results haTe also been calculated and give an average value of 

o.a3. i.e •• on the average the biological potency is only about 80 

per cent of that of the chemical estimate. For the ottawa labor

atory the value ia 0.70. If the ratios had been fairly uniform. 

then it might have been possible to use a different factor than 40 
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TABLE 33 

• Comparison ot Lifsohtitz Reaction and Chick Assays of Oils 
Potency in Million A.o.A.c. Units per gm. 

(40 million units = 1 gm. Ds) 

Ayerst Laborator,y ottawa Laboratory 
Bioassaz Bioassaz 

Sample Chemical Bioas sal"'f' Chemical Chemical Bioassayil* Chemical 

Al - - - 1.32 1.21 o.92 
D .. - - 1.71 (direot) lw25 0.73 

1.47 ( sap. ) - -
1 2.24 1.16 o.s1 2.23 0.99 0.44 
2 2.36 1.6 0.68 2.25 1.26 0.56 
3 1.84 1.5 o.a2 2.09 1.43 o.ea 
4 1.4 1.7 1.21 1.84 1.41 0.77 
5 1.7 1.7~ 1.00 1.82 1.44 0.79 
6 1.0 0.9 o.go - - -
7 3.1 2.6 0.84 - - -
8 1.9 2.3 1.21 .. - -
9 a.o s.o 1.00 .. - -

10 2.08 1.84 o.aa - - -
11 1.84 1.6~-ll- o.go - - -
12 2.0 l.S*rn-:· o.ao - - -

* A.o.A.c. Assay. 

•* Chick Toe Assay - ATerage of TWo Assays. 

*** Average ot Two Assays. 

1 Sample contains vitamin .A - all others contain vitamin D only. 
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mdllion units per gram n3• In this case 33.2 million (i.e •• o.s3 x 

40) might have been suitable. However. some of the chemical results 

are so va.rj.able that this would only exaggerate the difference. It 

11 obvious then that turther refinement is needed before this re

action can be applied to even high potenoy oils. The biological 

values as reported by the two laboratories check within 15 to 20 

per cent wnich is what would be expected• although Ayerat•s values 

are consistently higher. 

The variability in results with individual aliquots ot 

oil as a.Dalyzed by the chemical method was also evident. '!'here 

was a tendency tor the more concentrated aliquots to give a higher 

value. undoubtedly. these variations would affect the comparison 

with the biological data. 

At the time these tests were conducted. 1~45• the 

factor of 40 million A.o.A.c. units per gram was tn general use 

although it was realised that the true value was higher. If the 

higher tactor were used the ditterenoe between the methods would 

be greater. In subsequent testa the factor of 55 million was used. 

Four samples ot high potenoy oils (Dupont) were used to 

compare the other chemical criteria with the results by chick assay. 

The assigDed potencies were based on a mean ot assays in three 

laboratories and• therefore. may be considered reliable estimates. 

The results of comparisons with the antimony trichloride method are 

given in Table 34. The latter values agree well with the assigned 

potencies tn spite of the tact that when tested at two separate 
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TABLE 34 

The Potencies of Dupont Oils as Determined by 
Biological and ADttmo~ Trichloride Procedures 

(results in millionA.o.A.c. units per gram) 

Antimony 
Trichloride 

Oil Bioassa,-2 Teatl 

3381 1.45 1.41 

3387 1.30 1.31 

3389 1.30 1.38 

3395 1.35 1.44 

1 Factor = 55 million units per gram 
vitamin Ds• 

2 Means of assays in 3 laboratories. 
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concentrations the value at one concentration may be 5 to 10 per 

cent greater than that at another. The 'Values were generally great

er tor the lower concentration. although both were in the central 

portion of the transmission scale. This ia the opposite to what 

n 
was found with the Litaohutz reagento Saponification did not in• 

fluence the position of the curve. 

The glycerol dichlorohydrin reaction was also used to 

deter.mine the potencies of the DupoDt oils. The procedure as al• 

ready outlined was used and the colour read at 620 and 420 mu. 

The results are presented in Table 35 under G.D.H. reaction. The 

values are all high whe.n the factor of 56 million units is used. 

On the a~rage the bioaasay values are 81.8 and 87.7 per cent of 

the potencies determined at 620 mu and 420 mu. respectively. Using 

these factors adjusted G.D.H. values have been obtained which are 

also given in Table 35. The potencies. as measured at 620 mu. now 

very closely approx1118.te the biological values. At 420 mu the 

agreeaent is not quite ao good. It is doubtful. however. it the 

differences in results at the two wave lengths can be considered 

significant in view of the small number of samples involved. 

Ultra•Tiolet absorption measurements were made on the 

tour oils dissolved in absolute alcohol contain1Dg 1% purified 

petrol ether. The E values were calculated and multiplied by a 

taotor of 55/467• i.e •• the ratio ot potency to E value of cr,ystal• 

line vitamin Ds• The results are reoorded in Table 36 under direct 
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TABLE 35 

Potencies o£ Dupont Oils as Determined by Biological 
and Glycerol Dichlorohydrin Reaction 

(results in millionA.o.A.c. units per gram) 

GeDeHe G.D.H• 
Reaotionl ~ad~ustedl 

Oil Bioasaay 620 mu 420 mu 620 mu 420 mu 

3381 1.45 1.76 le69 1.44 le48 

3387 1.so 1.63 1.36 1.33 1.19 

3389 1.30 1.58 1.70 1.29 1.49 

3395 1.36 le61 1.41 le32 1.24 

1 Factor = 55 million A.o.A.c. units per gram 
vitamin D3• 
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TABLE 36 

The Potencies of Dupont Oils as Determined by Biological 
and Ultraviolet Spectrophotometric Procedures 

(results in Ddll1on A.o.A.c. units per gram) 

Ultraviolet Absorption 
Oil Bioassay at 265 mu 

Directl Adjusted 

3381 1.45 1.88 1.51 

3387 1.30 1.46 1.17 

3389 1.10 1.85 1.48 

3395 1.35 1.64 1.24 

1 Factor = 55 million A.o.A.c. units per gram. 
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method. They ahow a very similar trend to the G.D.H. reaction at 

420 mu. ID the last column the direot values have been adjusted 

as was done with the G.D.H. data to bring them. in line with biol• 

ogical potency. The results indicate that this method may be 

classed as equi~leDt to the G.D.H. reaction. It may be mentioned• 

howenr • that the absorption maxima of these oils were not well de-

.fined and in some cases were little more than a straight line from 

258 to 266 mu. 

In general, the antimony trichloride reaction yields re-

sulta as close to the biologically deter.mined potencies as ~ 

method. 
.. 

It is evident that the Lif'schiitz method may not always 

indicate the same differences between oils as does the chick assay. 

Although the chick assay data reported here may be considered as 

reliable as is normally possible to obtain• nevertheless. they are 

not entirely satisfactory as a standard of comparison £or chemical 

and pqaioal methods which by their D&ture are much more preciseo 

-. 
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DISCUSSION 

Three chemical methods and the direct ultra-violet ab-

sorption method have been applied to the estimation of vitamin D 

in fish oils. With high potency oils. the antimony trichloride 

reaction probably gives the closest agreement with chick assays. 

It is sensitive to approximately two micrograma of vitamin D. 

Nevertheleas, it is more difficult to handle than the other re

agents. High potency oils do not exhibit typical absorption 

curves for vitamin D. The glycerol dichlorohydrin method as de-

tt fined by us is more sensitive than the Li:fschiitz reaction and is 

not subject to the same variation. It is the most convenient to 

use. The determination of the extinction coefficient or vitamin 

D at 266 mu is about one-sixth as sensitive as the antimony tri-

chloride reaction. Extinction coefficients :for the reaction pro

ducts of vitamin Ds with the several reagents and that by direct 

ultra-violet absorption measurements may be summarized approxi-

mately as follows: 

Method Extinction Coefficient 

AntimonJ trichloride 

Direct absorption 

G.D.H. at 410 mu (ratio 1:4) 

• Lifachutz reaction 

G.n.H. at 626 mu (ratio 3s2) 

2570 

467 

350 

198 

16 

It is evident that the G.n.H. reaction is now almost equal in 

sensitivity to the ultra-~olet absorption procedure. 
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!he problem ot low potency oils remains unsolved. Anti

mony trichloride reacts with ma.ny constituents of the oils includ

ing Yitamin A, carotene and sterols, to give a variety of colours. 

Most ot the available reagents react somewhat similarly. It has 

been shown that vitamin A may be removed fairly effectively with 

Supertiltrol but the removal of the sterols constitutes a major 

probl~ Several methods have been suggested but none seem en

tirely aatistactor.y. A more serious problem lies in the fact that 

a method perfected in one laboratory cannot readily be duplicated 

in another. This difficulty is evident in this thesis and has 

been confirmed in discussions with other workers. This thesis is 

unique in that it constitutes the first major attempt to compare 

existing chemical methods. 

In· view ot the experience gained here, it is suggested 

that chromatographic and other procedures be accompanied by stud

ies ot the ultra-violet absorption of the materials. The use of 

extinction ratios may also be helptul in making the procedures 

leas empirical. 
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GENERAL SUMMARY 

Factors influencing the results ot various assay tech

niques tor vitamin Ds have been discussed. The need tor greater 

statistical control in chick tests has been pointed out. 

A series of assays and experiments involving over 15.000 

chicks has been carried out on Tarious types of vitamin D feeding 

oils to study statistically various factors in the chick assay and 

to compare four criteria ot calcification, namely- ash per cent ot 

tibiae. fresh toes and extracted toes and the Olsson radiographic 

technique. 

It has been shown that on the average the tour criteria 

ot response give approximately the same estimate ot potency. and 

are equally reproducible and precise as judged by the error slope 

(a/b) ratio. The two week assay period is comparable to the three 

week period tor an estimate of potency but the precision is lower. 

The curative feeding period yields equally precise results a week 

sooner than the preventive assay. The A.o.A.c. diet is as satis

factory as any that have been proposed. The breed of chick does 

not seem to be an important factor. 

There is greater variation between replicate groups than 

between individual chicks within the groups and still greater 

variability is found when the replicate groups represented differ

ent months. New concepts tor the expression of error of assays 

have been proposed to take into account these sources ot variatioD4 
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It is recommended that crystalline ~tamin n3 be used as 

reference standard tor all ~tamin D teats and that potency be ex-

pressed in weight rather than units. 

It is concluded that. while both the toe ash and x-ray 

criteria otter advantages over the tibia ash method. the simplest 

method for vitamin D available at the present ttme is the toe ash 

procedure. By using the variance between replicate groups as error 

the precision of assays can be estimated readily and more precisely 

than heretotor. For the most reproducible type of assay the re-

plicate groups should be handled at separate times. A method. 

based on the investigations reported herein, is presented in de-

tail. 

Faotora intluenoing the results of chemical procedures 

tor the determination of vitamin D have also been discussed. The 

need tor a less empirical approach has been stressedo 

" The antimo~ trichloride• Lifschutz and glycerol dichlo-

robydrin colour reactions and the ultra-?iolet absorption procedure 

have been studied using various materials containing vitamins n. 

The antimoDY trichloride procedure is probably the most useful for 

low potency materials. The glycerol dichlorohydrin method has 

been made 20 times as sensitive tor vitamin n3• The importance of 

extinction ratios and ultra-violet absorption data have been il-

lustrated. 
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