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Cod Liver Oil is a remedy of _treat antiquity and is said to 

have been used by the Greenlanders, Laplanders and Esquimaux be- 

fore they came in touch with civilisation. 

The oil used by these primitive peoples was doubtless a 

very crude product and various improvements in the preparation 

of the oil have been made since ti-se early days. 

The oil is extracted from the Livers of the various Gadidoe 

No practical difference exists in the Morphology of the Liv 

ers of the various Gadidoe, although differences exist in the 

oil expressed from the Livers of fish in the various fisheries, 

probably due to care in selection of thé cod rejection of other 

species and to the special environments of each fishery, i.e. 

Temperature, Depth. of water, and Food supply &c. This can 

seen in the differences between Norwegian and Newfoundland Cod 

Liver Oil. 

The yield of oil from the Livers also varies greatly in 

different years according to modifications of Temperature and 

food supply: thus in the Transactions of the United States 

Fishery Commission a report on 

'UNEXPLAINED VARIATIONS IN THE YIELD OF OIL FROM 

COD LIVERS" 

By W.H. Schieffelin & Co. 
(From letter to Prof. .F.Baird) 
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states that the result of the Cod Fishery on the _iorwegian 

coast this season is remarkable. We are at a loss to account 

for such a state of affairs. A letter from Bergen, dated 

March 6th,1883 states t:e result of the fishery ui-) to this day 

as follows: 

Year ending 
Number of 
Cod taken 

Barrels of Barrels of 
liver obtained white oil 

march 5, 1881 13000000 27500 1400 
March 5, 1882 5500000 7650 240 
March 5, 1883 6000000 4100 180 

Usually 250 to 400 codfish give i barrel of liver. T is year 

from 700 to 1100 are wanted. Usually two barrels of liver give 

1 barrel of oil. This year 4 or 5 barrels of liver are wanted. 

Willia4 Street, New York, April 2, 1883 ". 

and Capt. N. E. Atwood in a letter to Profr. Third states: 

"In my long experience in the fisheries of this locality I have 

given much attention to the condition of the livers of cod, but 

more especially so since 1849 when I comyienced to manufacture 

cod -liver oil for medicinal purposes. I have bought the livers 

as they came in fresh every winter since that time. 

The winter school of cod usually comes in here in December 

and stops till March. In former years there seemed to be no 

great difference in the condition and quality of the livers 

from year to year. I think it took from 2i to 3 barrels of 
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livers to yield a barrel of oil until about 1872. For several 

winters after, we had a large school of excellent cod visit us; 

indeed, the best I h-'ve ever seen. Their livers yielded a 

large quantity of excellent oil. It took only 2 to 2z barrels 

of livers for a barrel of oil. During the winter ending March, 

1878, we had an abundance of cod, but they were thin and poor 

when compared with those of former years. In their mouths we 

occasionally found such hooks as are used by-the French Fisher- 

men on the banks of Newfoundland. I found their livers poorer 

than any I had seen here at any time before. I bought 200 bar- 

rels of livers from which I only got about 50 barrels of oil, 

thus requiring about 4 barrels of liver for one of oil. Since 

t?-Iat time there have been very few cod taken here. They have 

been very scarce and their livers have been very poor,requiring 

from 4 to 6 barrels to furnish a barrel of oil. Last winter a 

few fish came in having better livers, which required only 

about 3 to 3- barrels of liver for a barrel of oil. We think 

the prospect looks better, and we hope when they cone again they 

will be equal to any former year. I am at a loss to account 

for this state of things. It may have been caused by the 

scarcity of food in the locality where they spent their time 

when away from us. 

PROVINCETOWN MASS., April 21, 1883." 

The Norwegian Government returns do not give details of the 
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various kindsaf fish oils exported but group them all together 

and the following report may be quoted. 

"EXPORT OF FISH OIL FROM NORWAY, 1878 -1882. 

By Frederick M.Wallem. 

(Extract from letter to Prof. S.F.Baird) 

Official returns regarding the export from Norway of fish 

oil are just issued. They show the export for December 1882,to 

have been 4,400 hectolitres fish oil, and for the past five 

years as follows: 

Years Hectolitres Gallons 

1882 100000 2657550 
1881 128000 3381376 
1880 169000 444473 
1879 143000 3777631 
1878 137000 3619129 

Average 135520 3580032 

The Lofoten Cod fishin- has commenced, but the fish are not 

fat and the liver will not give so much oil as an average year, 

still it is too early to tell how much the oil product will be. 

BERGEN, Norway, February 16th, 1883." 

From the best information I can obtain, it is computed 

that between 135,000 and 200,000 gallons of medicinal Cod liver 

oil are imported into the United Kingdom annually. 
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At the beginning of the 19th century, Cod liver oil had 

fallen into disuse in this country as a medicine and was again 

brought into public notice by Dr. Hughes Bennett of Edinburgh 

in 1841; since which time its use has advanced rapidly. The 

great bulk of Medicinal Cod Liver Oil consumed at the present 

time has undergone some pharmaceutical method of preparation. 

AN EXTRACT FROM THE ENCYCLOPOEDIA BRITANNICA 

INTH EDITION,Vol . 6 , Page 104 

states that "Cod liver oil is an oil of great medicinal value, 

obtained from the liver of the common cod (Morrhus vulgaris) and 

also to some extent from the ling (Lota molva), the whiting 

(Merlangus vulgaris), the Pollack (Merlangus pollachiu8 , as wil 

as other members of the Gadidae. The oil obtained from the 

livers differs in quality from a very pure pale coloured liquid 

to a dark evil -smelling product, according to the care exer- 

cised and the processes adopted for its extraction. The very 

dark coloured rank oils are used only. for burning and lubricat- 

ing, and in commerce are known as cod oil. The purer qualities 

up to an oil having a brown sherry colour, are alone used med- 

icinally as cod liver oil. Various methods are adopted for ex- 

tracting the oil in the different countries where its prepara- 

tion is prosecuted. Generally it may be stated that the medic- 

inal oil is obtained from selected livers, which are carefully 
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examined, split up, and thrown together into a large vessel. 

From these a very small proportion of pure and almost colourless 

oil exudes spontaneously, and exposure to the sun causes a 

further exudation. By the application of heat in a steara or 

water bath to a temperature not exceeding 180° Fahr., a propor- 

tion of still pale or straw coloured oil is obtained. The oil 

which results from the application of a higher heat and pressure 

and that obtained from Unhealthy and from putrid livers, are 

only used industrially as cod oil. The extraction of the oil is 

most extensively prosecuted in Newfoundland and in Norway; but 

a considerable quantity is also prepared in the Shetland Islancb 

and along the east coast of Scotland. 

Three varieties of medicinal oil are recognised in commerce 

pale. light brown and brown; but these insensibly merge into 

each other, and are only the result of different processes or 

periods of preparation, as mentioned above. The pale oil pos- 

sesses a fishy odour and a slight acrid taste, while with the 

darker oil there is a distinctly disagreeable empyretunatic odour 

and taste. In composition the oil contains olein and margarin 

with small proportions of free butyric and acetic acids, a pe- 

culiar principle termed gaduin, -certain bile acids, free phos- 

phorus, phosphatic salts, and traces of iodine and bromine. Cod 

liver oil is valuable in medicine on account of its great nu- 

trient properties; it aids rapidly to the store of fat within 
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the human frame, and it enriches the blood in red corpuscles. 

It is much more digestible than other animal oils, a fact wi.ch 

may account for its superior therapeutic value. At one time 

it was supposed that its virtues resided in the iodine and brom- 

ine w--ich the oil generally contains; but these are present in 

only exceedingly minute proportions, and sometimes they cannot 

he traced at all. The oil häs long been favourably known in 

medicine as a remedy for rheumatic complaints, but its great 

value in pulmonary consumption has been demonstrated only in 

comparatively recent times. It is administered internally in 

chronic rheumatism, scrofula, pht}isis, chronic skin diseases,and 

general debility; and it is sometimes externally applied in af- 

fections of the skin. The oil is taken with facility by young 

children; but the repugnance of adults to its taste and eructa- 

tions is not easily overcome,and many methods have been suggest- 

ed for masking its taste. With that view the oil is enclosed in 

gelatinous capsules, or prepared in the form of aromatised emul- 

sions of equal parts of mucilage, of gum tragacanth and the oil. 

There are numerous other forms of emulsions recommended, as well 

as combinations with medicinal syrups, and cod liver creams,jel- 

lies and bread; and various devices are familiarly employed as 

in the administration of unpleasant medicines. Failing all 
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these, cod liver oil has been introduced into the system by 

injection. 

BRITISH PHARMACOPOEA 

OLEUM M0RR tJAE B.P. 

Cod Liver Oil. 

Tie oil extracted from the fresh liver of the Cod Cadus 

Morrhus, Linn. (Brandt and Ratzeburg, Med. Zool. vol.11. tab.IX 

fig.3), by the application of a temperature not exceeding 180 

F. (82.2 C..); and from which solid fat has been separated by 

filtration at about 23 F. (5 C) . 

Characters and Tests. Pale yellow, with a slight fishy but 

not rancid odour. Specific gravity 0.920 to 0.930. Readily 

soluble in ether and chloroform, and slightly soluble in alcohol 

(90 per cent). A drop of sulphuric acid added to a few drops 

of the oil on a porcelain slab develops a violet colouration. 

When nitric acid is carefully poured into some of the oil con- 

tained in a test tube, a precipitate of coagulated albumen should 

be formed at the surface of contact of the two liquids. No 

solid fat should separate on exposure of the oil for two hours 

to a temperature of 32° F. (0 C). Dose 1 to 4 fluid drach mes. 

All the Cod Liver Oil in the market sold as MediciOal Cod 

Liver Oil will not maintain the description, characters and 

tests laid down by the British Pharmacopoea. 

It 
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It cannot be said that all oils are obtained from fresh 
o 

livers and it is also known that a temperature exceeding 180 F. 

is used for extraction as some manufacturers resort to boiling 

the livers vr extract by steam. 

Much Cod Liver Oil is not pale yellow, but all shades to 

dark brown. The specific gravity I have always found within 

the limits .920 to .930. 

Sulphuric acid gives the violet colour reaction. Nitric 

acid gives the albumen ring. I have not seen a sample of Cod 

Liver Oil which did not give it, but I am of opinion if such an 

oil could be produced that we would have reached a more perfect 

standard, and the presence of this albumenous matter allows the 

possibility of the presence of albumens and of ammoniacal 

compounds, toxins, etc. produced by their decomposition. It 

can be, therefore, readily understood that Cod Liver Oil is a 

substance of very variable coñposition. 

The processes used in extraction are extremely different 

from one another, the role taken by bacteria in some processes 

is considerable and in others very slight. 

Some chemists have given the amount of Iodine, phosphorus, 

sulphur, bile derivatives present in some oils, but the separa- 

tion of all the ammoniacal compounds, alkaloids, albumens,toxins 
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which may be present in some oils has not as far as I am aware 

been completed. Nor has the isolation and identification of 

the bacteria which are responsible for the production of any 

active compound present in the oil. 

The following is a description of some of the nitrogenous 

compounds which have been isolated from various Cod Liver Oils 

and their therapeutical action. 

I. A.ï,INES : - 

increase the secretion of the sweat glands. 

Normal propylamine(CH CH CH NH. ) is a mobile ammoniacal 
3 2 2 2 

liquid (B.P. 78 -80° C.) solublë in water. Its platinichloride 

forms monoclinic crystals. 

Isopropylamine (CH )2 (CH.NH ) is a liquid with an ammonia - 
3 2 

cal odour. It boils at 32 °C., and is soluble in water. Its 

platinichloride crystallises in orange plates. The salts of 

both propylanines. 

BUTYLANïINES (C H NH ) 

4 9 2 

Gautier &Mourgues Comptes Rendus 107,110) 
o 

Normal Butylamine is a liquid boiling at 76 C., and solu- 

ble in water. It reduces alkaline solutions of copper and sil- 

ver. Its platinichloride crystallises in yellow plates which 

are fairly soluble in water. 

It has distinct toxic prope -ties and in small doses in- 



creases the functions of the skin and the kidneys. Larger 

quantities produce fatigue, stupor and vomiting. 

AMYLAKINES (C H NH ) 

5 11 2 

Several of the Amines with this composition have been iso- 

lated. From cod -liver oil Gautier (loc. cit) extracted one 

which he found to form about two thirds of the total bases in 

the oil. From its reactions appears to be iso- amylamine('H )2 EH 
3 

CH -Ca NH . It was a colourless, mobile liquid with a disa- 
2 2 2 

greeable odour and a 'specific gravity at 00 C. of 0.797. It 

absorbs carbon dioxide from the air, and forms a very soluble 

hydrochloride. In small doses, it excites reflex action, and 

the urinary secretions: in large doses, it produces general 

tremor, well marked convíïsions and death: Hexylamine which is 

present in very much lower proportion produces similar effects 

but is much less powerfully toxic. 

2. Pyridine bases:- 

The fraction of the bases which boils at 198° -200° under 

a pressure of 770 mm consists of 

DIHYDROLUTIDINE C H- N 
7 11 

(Gautier and Mourgues loc, cit.) 

It is a colourless oilyliquid, strongly alkaline,'and with 

a strong but not unpleasant odour. It absorbs carbon dioxide 

from the air. It boils at 199° C., and is slightly soluble in 
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water. 

T'he I- ïydrochloride is crystalline, and very soluble, but 

not deliquescent. It is partially dissociated at 1000 C. 

The platinichioride crystallises in yellow plates and 

occasionally in fine needles. 

It is moderately poisonous, and in small doses reduces the 

eneral sensibility. 

Larger doses produce tremor, especially of the head, de- 

pression with alternating periods of intense excitement and 

paralysis of the lower mem bers, ending in death. 

Aromatic Diamines. 

HERLUSINE C H N 
8 12 2 

(Gautier loc. cit) 

in an oily alkaline liquid, somewhat soluble in ether. It 

forms a crystalline acetate and platinichloride . 

Aromatic Triamines. 

M0RR UINE (C H N. ) and HOMO MORRHUINE (C. H N ) 

19 27 3 20 29 3) 

These bases were found by Gautier and Mourgues (Comptes 

rendus 107,626) in the part of t]e bases of cod liver oil which 

are soluble in ether. 

Morrhuine is a viscous yellow oil, with a sweet odour and 

alkaline re- action. It precipitates copper from the solution 

of its salts, but the precipitate does not dissolve on adding 
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an excess of the base. The hydrochloride, which is very de- 

liquescent, crystallises in stellate groups. The platini- 

chloride forms microscopic needles. 

Homo - morrhuine closely resembles morrhuine ln its prop- 

erties. It is a viscous base of a yellow colour, and forms 

well defined crystalline salts. T:,,e platinichloride (0 H N 
20 29 3 

HC Ptc is a yellow salt eadily soluble in hot water. 
12 . 

_:14 

These two bases constitute more than a third of the total 

bases of cod liver oil. A fluid ounce of the oil contains 2 

milligrams of these bases, the excite the appetite and have 

remarkably diaphoretic and diuretic properties, and Gautier 

considers that part of the physiological action of cod liver 

oil is to be attributed to their presence. In large doses they 

produce fatigue and stupor. 

Aromatic Tetramines. 

NI COMORRHtJINE (( H_ 1 ) 

20 28 4 
a base accompanying morrhuine and homo -morrhuine in cod -liver 

oil. It has the same percentage composition as nicotine 

(C H N ) but from the composition of its platinichloride 
10 14 2 

Gautier doubled the formula. It is a viscous oil with a 

faint odour of tobacco. It is slightly soluble in water, and 

has density of about 1. Its hydrochloride crystallises in 

nacreous plates, which are very soluble in water, but not 
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very deliquescent. The platinichioride (C H N H SC Pt.C1 ) 

20 28 4 2 1 4 
forms a flocculent brick -red precipitate insoluble in water. 

This ptomaine is somewhat poisonous. 

ASELLINE (C H N ) 

25 32 4 
is another base isolated by Gautier and Mourgues (Comptes Rendus 

107,626) from Cod Liver Oil. On separating the basic substances 

of this oil by distillation, a brown residue is obtained, from 

which the morrhuine and nico- morrhuine can be extracted with 

ether. The insoluble portion contains a large proportion 

of a base with the above formula. 

It is an amorphous, colourless solid which becomes green 

on exposure to light. It melts to a viscous yellowish liquid 

with an aromatic odour recalling that of the ptomaines, is very 

slightly soluble in water, to which it imparts a bitter taste 

and an alkaline reaction, but dissolves in ether and still 

more readily in alcohol; specific gravity about 1.05. The 

salts of aselline crystallises readily, but are partially decom- 

posed by water. The mercurichloride crystallises from warm 

water; the aurichloride is very easily reduced, the platini- 

chloride is orange yellow and dissolves in warm water, but is 

decomposed by boiling water. 

Aselline is feebly toxic and produces fatigue and stupor 

in small doses; convulsions and death when injected in large quan 

titles. It forms about one fifteenth of the total bases of the 



(15) 

oil. Morrhuic Acid ((; H N- ) isolated b Gautier and Mourgues 
9 13 3 

(Comptes Rendus 107, 740) from cod liver oil. 

The oil contains an acid in the form. of an unstable com- 

pound resembling the lecithins, which decomposes in contact 

with acids or alkalis, and yields glycerol, phosphoric acid and 

morrhuic acid. Lecithins themselves are prese nt in the oil, 

and add to its vale by presenting phosphorus in a readily as- 

similable form. 

Morrhuic acid has a disagreeable odour recalling that of 

kelp; when freshly precipitated it is oily and viscid but it 

.;gradually solidifies. It dissolves in hot water, but separates 

on coaling, and is insoluble in alcohol, but only soluble in 

ether. It reddens litmus, decomposes carbonates, and forms 

crystallisable salts with the alkalis; its solutions give pre- 

cipitates wit lead and silver, but not with copper salts. 

Morrhuic acid also combines with acids and forms a crys- 

. talline hydrochloride, which is decomposed by water, morrhuic 

acid separating in the form of an emulsion; the platinich_loride 

is soluble and crystallises in very small prisms, the aurichlor- 

ide forms an amorphous precipitate which readily alters when 

heated. 

De Jongh's "gaduine" is probably identical with morrhuic 

acid. 
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These nitrogenous products must be looked upon as undesir- 

able in a fatty food. 

The so- called extract of cod liver oil known as Morrhuol 

will contain these and similar nitrogenous products in a con- 

centrated form. Morrhuol is obtained by treating cod liver oil 

with aqueous colution of sodium Bicarbonate to remove the acids 

then agitate with rectified spirit, which on evaporation yields 

morrhuol. Brown oil yields 42 to 6 per cent, the straw colourea 

oil 22 to 3 per cent. The substitution of Morrhuol for the 

oil itself eliminates the dietetic value of the cod liver oil 

and at the same time increases the proportion of the less desir- 

able constituents of the oil. 

Several nitrogenous bases and ptomaines contai ning oxygen 

have been obtained from cod livers which have been purposely al- 

lowed to putrify. These-include:- 

GADINENE (I $ NO ) and IRTHYZ- GADIN NE C H. NO ) 

7 17 2 8 19 2 
which appear to be homologues of mytilotoxine. They are gen- 

erally accompanied by muscarine and ethylidenediamine in plat 

inichloride, when once deposited, can only be redissolved with 

difficulty. It melts at 214° C. The hydrochloride forms large 

colourless needles, which are very soluble in water, but in- 

soluble in alcohol. Gadinene has not marked poisonous propert- 

ies; and is probably isomeric with typhotoxine. 
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Methyl- gadinene, which has also been found associated with 

mydatoxine in decomposed horse- flesh, produces symptoms of 

tetanus when injected in. sufficient quantity. 

A_'omatic Ptomaines containing Ox --gen. 

T7ROSAMINES (C H NO; C H NO; C H NO 
7 9 8 11 9 13 

Gautier isolated tl.ese bases from cod's liver which had 

been kept in barrels together with nicomorrhuine, amylamine,etc. 

Gautier's Method of Separation. The bases produced during 

the fermentation were treated with ether, and the insoluble por- 

tion digested with amyl alcohol. A current of carbon dioxide 

was passádgthrough the solution. TIe amyl alcohol was removed 

by washiñg with very dilute sulphuric acid, the acid precipitat- 

ed with barium hydroxide, and the filtrate concentrated to a 

syrup, and boiled after the addition of water. The crystals 

which had precipitated by the following day, were dissolved in 

water, and separated by fractional crystallisation into the two 

bases (C H NO and C H NO) while the third, (C H NO ) was ob- 
7 9 8 11 9 13 2 

tained from the mother liquid. The most abundant was the base 

C H NO, which Gautier regarded as p.hydroxyphenyl- ethylamine. 
8 11 

OH 

C H. 

6 4 

CH CH NH 
2 2 z 

apparently derived from tyrosine by the loss of carbon dioxide. 
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It dissolves in 90 to 100 parts of water at 15° C., and forms 

bitter tasting salts. The hydrochloride (0 & 130. RC ) crys- 
8 11 1 

tallises in plates and needles. The platinichloride is fairly 

soluble. These salts are not poisonous. 

MORRHUAMINE (Cw R. Q N m ) 

14 2 2 2 
Another base isolated by Gautier from "fermented" cod's 

liver. It was one of the substances precipitated b carbon 

dioxide in the separation of the tyrosamines. 

It is very hygroscopic and very alkaline base partially 

volatilising at 110 °C. It forms a crystalline hydrochloride 

and a soluble platinichioride. 

The physical characters and constants of cod liver oil 

such as :- Densityl solidifying point; Viscosity; Colour; Taste 

and Smell and the Chemical properties such as, Temperature of 

reaction with sulphuric acid; Bromine and Iodine values; Acetyl 

acid acetyl and acetyl -saponification values; Acidity and Ran- 

cidity, though variable within generally small limits serve 

for the detection of the oil and give an indication of the 

purity of am sample. 

I. DENSITY. 

The very small differences in density exhibited by differ- 

ent samples of cod liver oil are not readily determined by means 

of a Westphal halance. In all cases although the time required 
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to make the determination is longer, it is far preferable to 

use a Sprengel Tube. 

The British Pharmacopoea requires an oil the density of 

which is 0.920 to 0.930. I have as a rule found that the 

densities of the better qualities of Medicinal Cod Liver Oils 

taken at 16°C. vary very slightly from 0.927. 

H. SOLIDIFICATION. 

The solid fat should be formed on exposure of the oil for 

2 hours at 32 °F. and as a matter of fact, this condition has 

rarely if ever, an exception, so long as the oil is not stirred. 

The solidifying point of an oil is, however, of very little 

value as the length of exposure to low temperature and the amount 

of agitation are important factors in its determination. I 

have thus found that the solidifying point of the same oil may 

vary from 0° C to - -10° C. 

III. VISCOSITY. 

The viscosity of different samples of Medicinal Cod Liver 

Oil is fairly constant even although the age and colour may 

present great differences. 

Notwithstanding this, I have found that some samples pos- 

sessed a viscosity very much higher than usual. Such oils in- 

variably contain a large amount of nitrogen indicating in my 

opinion a badly prepared or contaminated oil and in most cases 

the viscosity of such oils has increased on keeping. 
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IV. COLOUR. 

The colour may vary from Pale Yellow to Dark Brown. 

Pale yellow is the only official colour although darker 

oils are sold as patent medicines, such as:- 

Ansard and Harvard's (Dr. de Jonge's). 

The pale oils are a first product in the extraction and 

contain generally a smaller amount of nitrogen than the darker 

oils. Some dark oils are rendered pale by bleaching and in this 

case the amount of nitrogen - present is higher than it ought to 

be. 

The light brown oil is a second product, after obtaining 

the pale yellow, when the putrefaction of the livers has ex- 

tended further. 

The dark brown oil or the "Cod Oil" of commerce is a 

genuine cod liver oil. The livers are collected in the trawlers 

and brought to the shore in a more or less putrid state, and the 

oil is unfit for medicinal purposes, and used in the leather 

trade. 

V. TASTE and MLELL. 

The taste and smell are characteristic but not pronounced 

and with the higher grade oils vary but slightly. 

The nauseous character of the lower grade oils is due 

either to rancidity and hydroxy fats or the presence of nitro- 

genous compounds. 
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CHEMICAL PROPERTIES. 

(n) Temperature of Reaction with Sulphuric Acid. 

Cod Liver Oil gives a quick rise of temperature on the addition 

of sulphuric acid, which is the so called Maumene test and the 

results vary from 102o to 116o C. 

This is a distinguishing test from many oils, although 

Linseed oil and Walnut oil give similar results, Yet ma v 

other oils as olive oil, tallow, whale 'oil, almond oil give 

very much lower figures in the determination. 

BROMINE AND IODINE VALUES. 

(b) Cod liver oil will absorb a certain amount of bromine 

or iodine, and the percentage amount of absorption is named 

the bromine or iod-_ne value. 

The amount of absorption is a measure of the proportion of 

unsaturated compounds in the oil. The unsaturated acids absorb 

the halogens, either when the acids are in their free state,or 

when combined with glycerol, forming additive compounds. 

Cod liver oil also contains some unsaturated alcohols, 

notably cholesterol, which is a substance that readily combines 

with two atoms of Bromine or Iodine. 

When the oil has been exposed to the air and putrifying 

agents such as, some species of bacteria, the unsaturated 

glycerides become converted into hydroxy saturated glycerides. 

Such samples will show a lower bromine or iodine value. The 



(22) 

Iodine value varies from 100 to 140. 

Bromine values are not convertible into Iodine values by 

mere calculation of their different atomic weights, as a varyin-_ 

amount of substitution takes place in addition to the absorption 

which is decidedly smaller in the case of the Iodine, if any 

takes place at all, as one may conclude from the action of Io- 

dine on saturated fatty acids. 

ACETYL ACID ACETYL AND 

ACETYL SAPONIFICATION VALUES_ 

(c) The acetyl value indicates the number of milligrammes of 

.KOH required for the neutralisation of the acetic acid obtained 

on saponifying one gramme of the acetylated oil. 

The amount of hydroxy acids or free alcohols. or of both 

of them in a sample of the oil may be ascertained by the de- 

termination of the acetyl value. 

Benedikt and Ulzer (Monats, 8.40) method of determining 

the acetyl value depends upon the principle that hydroxy acids 

and alcohols when heated with acetic anhydride, exchange the 

hydrogen atom of their alcoholic hydroxyl group or groups for 

the radicle of acetic acid,e.g. according to the following 

equations: 
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(a) C H (OH) COOH -!-(C H 0 )O 

17 3Ç.; 2 3 2 
Ricinoleic Acid .f- acetic anhydride 

C H (O. CHO) COOH+CHO 
1732 23 242 

Acetyl ricinoleic acid + acetic acid 

(b) C H OH (C H O ) 0=C H O C H O + C H O 
1633 23 2 1633 23 242 

Cetyl alcohol- acetic anhydrides = Cetyl acetate +acetic 
acid 

The neutralisation and the saponification of the acetylat- 

ed acids are therefore supposed to take place in two stages ac- 

cording to the following equations: 

(a) C H (O. C H 0) COOH -+-KOH 
17 32 2 3 

Acetyl- ricinoleic acid 

C H (0. CHO) COOK +HO 
17 32 2 3 2 

Potassium salt 

(b) C H (O. C H 0) COOH + KOH 
17 32 2 3 

Potassium acetyl ricinoleate 

C H (OH) COOK 4- C H 0 K 
17 32 2 3 2 

Potassium ricinoleate Potassium acetate 

The hydroxyl in the carboxyl group of the fatty acids 

should therefore not have been affected by the acetic anhy- 

dride during the process of acetylation. Hence such fatty acids 

as contain no alcoholic hydroxyl,for example stearie,oleic,etc. 

should not yield an acetyl value as the "acid" and saponifica- 

tion" values of such acids are the same. 

Lewkowitsch (Jour.Soc.Chem. Ind.1890,660),however, has 
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shown that pure capric, lauric, palmitic, stearic, cerotic and 

oleic acids gave very considerable acetyl values when heated 

according to Benedikt's and Ulzer's process. These results 

can only be explained by the asuumption that the fatty acids 

had been converted into their anhydrides, and acetic anhydride 

acting in the matuúer explained by the following ec1uation; - - -- 
C H. 0 C H CO 20H. COOH 

2C H. COOH 2 3 0 15 31 0 3 
15 31 C H 0 C H CO 

2 3 15 31 
acetic Palmitic acetic 

Palmitic acid Palmitic acid 
anhydride anhydride 

Lewkowitsch showed that the anhydrides are thus actually 

obtained and also showed that in many cases they are unaltered 

by boiling water. 

The true acetyl value of the fatty acids, however, is 

found according to Lewkowitsch, (Jour. Soc. Chem. Ind. 1890,846) 

by actually estimating the amount of acetic acid,(combined with 

the hydroxy acids in the form of Acetyl (0 H 0) given up, on 
2 3 

saponification, as acetic acid to the alkali. Ti,is is done by 

boiling the acetyl acid with alcoholic potash and estimating 

the acetic acid formed in a similar fashion to that adopted 

in the determination of volatile fatty acids by Reichert's dis- 

tillation process. There is, however, this important differ- 

ence, that the total amount of volatile acids in the present 

case acetic acid,is driven off. 
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The determination of the acetyl value by Lewkowitsch's 

method though giving correct results, has the important draw- 

back that this constant refers to the insoluble fatty acids 

rather than to the oils and fats themselves. This naturally 

tends to obliterate at the outset important differences existing 

between the various glycerides, for in the process of preparing 

the fatty acids volatile acids are washed away, and the charac- 

teristic differences of such fats as e.g. butter and tallow may 

entirely disappear. There is a further drawback that during the 

operations entailed by washing and drying the fatty acids they 

may become oxidised with formation of hydróxy acids. 

In order to bring this important constant into line with 

the other constants, Láwkowitsch (Jour. Soc.Chem. Ind.1897,503) 

determines the acetyl value of the glycerides themselves. It 

should be noted that in, the case of Cod Liver Oil which often 

contains free alcohols such as cholesterol, the acetyl value 

will be a measure of both the hydroxy acids and tY.e free alco- 

hols. 

The acetyl value of Cod Liver Oil is very low and is due 

to the presence of cholesterol and to the presence of hydroxy 

fats which may be looked upon as oxidation or possibly fermen- 

tation products. 

(d) Acidity and Rancidity. 

The acid value indicates the number of milligrammes of Po- 
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tassium hydroxide required to saturate the free fatty acids in 

one ramne of the oil. This value is therefore a measure of the 

free fatty acids in the oil. 

Medicinal oils should be carefully tested for the presence 

of free volatile acids, this is easily .done by shaking a sample 

with water which should regain quite neutral. Any acidity in 

the latter indicates presence of free volatile acids and shows 

that putrid livers have been used in the preparation of the oil. 

The acid value varies according to the method of prepara- 

tion. 

Oils prepared "the old process" (exposure of livers to sun 

etc.) will often give a value as high as 6% but oils prepared 

by the new process, (exposure to steam or water bath at 180°F.) 

have very low acid values, often under 1 %. 

The unsaponifiable matter should not be higher than 1.5% 

being almost entirely cholesterol, a larger amount than this 

indicates adulteration with other liver oils containing sperm- 

aceti. 

The nauseous smell or taste often described as rancidity is 

due to hydroxy fats and to free acids and is therefore detected 

chemically by the low iodine or bromine value and high acetyl 

value. 
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SPECIALLY PREPARED OILS 

Many varieties of Cod liver oil are in the market and the 

quality varies according to care in which the livers are select- 

ed and the process used in abstraction. 

Amongst the most interesting of these varieties theoretic- 

ally is Móller's Hydroxyl Free Cod Liver Oil which is stated to 

be prepared in the presence of C O to prevent oxidation of the 
2 

unsaturated bonds in the acyl groups, and the acids obtained 

by the hydrolysis of Moller's oil are stated to have no acetyl 

value. In the experiments I conducted, however, the oil itself 

had an acetyl value, similar to other Cod Liver Oils in the 

market, which could not be wholly attributed to the cholesterol 

present. It is possible to obtain an "acetyl value" from any 

nitrogenous group, which all oils in the market contain, as the 

addition of nitric acid will give an albumen ring. It is 

therefore necessary in determining the relative acetyl value of 

different oils, to have the same amount of nitrogen present in 

each oil to make the acetyl values strictly comparable, as the 

acetyl group will displace the Hydrogen of the Hydroxy group. 

An oil may be kept for years with probably little or no al- 

teration to its acetyl value, if it has been a well prepared oil 
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at the beginning, and the oil which I have found in my analyses 

to possess the smallest acetyl val -e was one 6 years old. Dark 

old oils have a high Acetyl value, which may be partly due to 

the larger quantity of Nitrogen which they contain, and chiefly 

to randidity. The rancidity of Cc:d Liver Oil is due to the 

formation of Hydroxy fats and to the splitting up of the oil 

molecule into free fatty acid and glycerol. 

The presence of the amido bodies, Amines, etc. which give 

some indication that the role play_d by the bacteria is a matter 

of importance. When glycerol is added to the oil in such a way 

t at it is evenly distributed and suspended round the oil 

glob rles as in some emulsions and enters the stomach as a 

uniform mixture, it may assist in preventing the splitting up of 

the oil in the stomach and the disturbance from rancidity. 

Any action on the oil in the stomach could only be a 

chemical one and the presence of glycerol, such as the glycerol 

contained in some cod liver oil emulsions, assist in retarding 

chemical hydrolysis of the cod liver oil contained in it. 

Further the antiseptic property of the glycerol is a dis- 

tinct advantage, and it may be noted that if you have a mixture. 

like cod liver oil emulsion which contains 50% of oil and 15% 

of glycerol the antiseptic power of the glycerol is equivalent 

to 30% solution, in as much as the glycerol is only in solution 

in the remaining 35% of the mixture and merely suspended round 

11_ 
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Emulsions vary greatly in their constituent parts, and the 

proportion of oil varies from 9 to 50 %. 

Morrhuol which is advertised as the "Active Principle" of 

cod liver oil contains nitrogen, and if it contains all the 

nitrogen which is found in an oil, the oil will be so far puri- 

fied thereby, and in my opinion this purified oil is to be con- 

sidered the active principle, and the nitrogenous substances 

extracted, the undesirable constituents of the oil. 

There cannot be any active principle derived from cod liver 

oil which can give the food properties of the oil other than the 

oil itself, and I consider the oils which contain the minimum 

amount of nitrogen to be the most desirable and find that 

light coloured oils have generally less than dark oils, save in 

such cases where a dark oil is merely bleached. Tlorrhuol con- 

tains 3% of nitrogen which is 25 times the quantity present in 

most samples of cod liver oil. 

Some emulsions of cod liver oil are found to separate at 

ordinary temperatures and in these,we,of course, find that the 

proportion of oil in different parts of the same sample varies 

within wide ranges. 

Numerous pharmaceutical preparations of cod liver oil are 

in the market, such as: Emulsions containing Glycerine, Extract 

of Malt, Yolk of Egg, Pancreatin, Dextrin, Creosote, Phosphoric 
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acid, Eucalyptus, and other drugs, also Liniments, jellies and 

tabloids of cod liver oil and further such substitutes as Morr- 

huol, and Petroleum Emulsion. 

The Emulsions are the most important, and those which con- 

tain Glycerine, and are perfectly well mixed, such as Scott's 

Emulsion, present cod liver oil in such a form that it is well 

tolerated by the stomach, practically as well absorbed, has its 

nutritive power increased and can contain a larger per cent of 

oil than can be contained with "yolk of egg" Emulsion and Malt 

Extracts. 

The Emulsions containing various drugs may be considered as 

specialities. The substitutes: such as Morrhuol I consider as 

a contribution of Pharmacy to be merely "undesirable remains" 

and Petroleum in Petroleum Emulsion, a substance, which may be 

useful as an internal lubricant as applied to the intestine 

only and may also assist, in some forms of constipation, to 

eliminate the faeces, but has no food properties. 

I have searched through the literature I could find on 

cod liver oil and cod liver oil emulsions. 

The notes of Dr. Henry Leffman and Dr. Wm. Beam of Phila- 

delphia and Mr. Herbert Graham of Fort Warren Boston, may be 

of service here 



Ext. Medical News,May 21st,1892.vol. 577 

Analytic notes on co, mercial cod- liver -oil emulsions. 

by 

Henry Leffman M. D. 

and 

William Beam M. D. 

of Philadelphia . 
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The excellence of an emulsion of cod -liver oil depends,of 

course upon the proportion of oil present and upon the perfec- 

tion of the emulsification. The latter condition may be roughly 

estimated by the facility with which the oil separates on stand- 

ing, but the proportion present can only be determined by ana- 

lytic methods. Since these preparations are extensively employe 

by physicians it seemed to be of interest to determine the 

strength of commercial varieties, some of which make definite 

claims as to quality. The analytic investigations here noted 

were carried out by the most approved methods of fat -extraction 

as applied in milk analysis. 

The samples were obtained from a wholesale house and in 

the original packages care was taken to mix each sample thor- 

oughly before making the analysis. 
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Per cent of Per centof oil 

oil claimed found by vol. Remarks 

"Williams" emulsion of cod -liver 

cod -liver oil with hypo - 

phosphite of lime ". 50 49.9 

"Phillips's palatable e- 

mulsion of cod -liver -oil 50 49.5 Pancreatised 

"Scott's Emulsion of 

pure cod liver oil." 50 49.5 

"Hydroleine." 66.6 44.2 Pancreatised 

contains sal 

icylic acid, 

alcohol 

"Maline with cod -liv 

er oil." 30 35.9 Much Maltose 

"Baker emulsion of 

cod liver oil with 

hypophosphites 50 10.7 

" (second sample) 50 18 

"Ba:er's pure cod -liver 

oil with extract of 

malt." 8.4 Much Maltose 

Wilber's pure cod liv- 

er oil phosphates." 37.3 
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Percent Prcent 
of oil of oil 
claimed found REMARKS 
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" Wampole's perfected and 

tasteless preparation 

of cod liver oil." The cur- None 
ative a- 
gents 
from 25 
percent 
pure Nor- 
wegian 
cod -liver 
oil." 

Much maltose 

14 per cent 

alcohol. 

The sample ( Wampole's) last named is accompanied by a 

circular stating that "the oil in this preparation is in posi- 

tive solution." and also a certificate from a professional 

chemist to the following effect: "I have examined the sample 

which you sent me, marked Wampole's perfected and tasteless 

solution containing the essential curative agents of cod- liver- 

oil, and I find that it contains combined phosphorus in several 

forms, and the peculiar principles of wild cherry bark, and it 

also carries an amount of combined iodine, such as found in a 

volume of cod -liver -oil equal to 25 per cent of the solution: 

that is, one tablespoonful of the mixture carries the amount of 

combined iodine found in a teaspoonful of cod -liver- oil." The 

sample analysed by us contains 14 per cent of alcohol and no 

appreciable amount of iodine. It is not inopportune to discuss 

briefly some of the chemical questions relating to the thera- 
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petktical value of cod -liver -oil. It is probable that the modern 

knowledge of causation and nature of phthisis, recognising it 

as definitely due to a specific germ will modify materially the 

therapeutic importance of such a substance as cod -liver -oil, 

but incidental to the supposed especial nourishing function of 

the fatty matter, it has often been suggested that some acces- 

sory ingredients may be of value. 

For instance, iodine has often received credit, but it 

has been known for a long time that the proportion of this 

element is extremely minute, ranging from 0.001 to 0.004 per 

cent. It is evidently impossible to attribute the medicinal 

value of the oil to the traces of iodine present,unless we are 

willing to accept the absurd doctrine of infinitesimals. The 

proportion of iodine in dried codfish and in herring, is con - 

siderably greater than in the oil. 

Theoretic considerations would lead to the view that the 

best emulsions are those made with pancreatin, in association 

with the least possible quantity of gum, glycerol or sugar. The 

presence of any considerable amount of the more easily ferment- 

able sugars, such as maltose, or glucose must be regarded as 

objectionable. The presence of salicylic acid and of notable 

proportions of alcohol will be still more serious, for, as we 

have elsewhere shown, the former interferes decidedly with the 
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action of trie pancreatic ferment, ami the latter should certain- 

ly not be employed except under specific and regulated condition 

of dosage, thus "hydroleine" an otherwise satisfactory emulsion 

(although not found to contain the amount of oil indicated in 

the published formula) is objectionable from the presence of 

salycylic acid, and in the Wampole preparation we have, in 

addition to the fact that it contains no appreciable amount of 

oil. the presence of 14 per cent of Alcohol as a most serious 

drawback to its use. 

Ext. Medical News, Mar. 15, 1890 Page, 283. 

Cod Liver Oil Emulsion. -- Cod liver oil emulsions, in 

various forms, are preparations which have of late become some- 

what popular. I express no opiflion whatever on any of these 

preparations, far less do I intend to individualise any prepar- 

ation by attempting to give a copy of the formula. I simply 

recognise the unfortunate necessity which sometimes arises 

of following where our inclination does not lead, and I there- 

fore give a formula for an emulsion, believing it, without 

prejudice, equal to any of 'the many now before the profession 

and the public. 

Of all the excipients suggested by different authorities as 

well as commending themselves to one's own approval for emul- 

sifying cod liver oil, none, I think equals gum,tragacanth. 
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Without, therefore, ignoring other substances, such as mucilage 

of gum arable, white of egg, alkaline solutions, and so o -, I 

have principally endeavoured to ascertain the conditions most 

favourable to produce with tragacanth an inseparable emulsion, 

which at the same time, would. be miscible with water, contain 

a reasonable amount of oil, and be not particularly objection- 

able in appearance, taste and smell, Of course, in all these 

preparations, much may be left to individual fancy as to com- 

bination: and I therefore, make no suggestion as to all the 

different ingredients which may he added, further than this, 

that if oil of bitter almond be the flavouring agent used, 

both experience and experiment have determined that a half per 

cent or about two drops to each ounce of cod liver oil, is the 

proper proportion, and that of the two oils namely an oil de- 

prived of its hydrocyanic acid, or an oil containing it, the 

latter is preferable. As to the emulsion, let three drachms of 

the finest white powdered tragacanth be rubbed up in a large 

mortar with three ounces of glycerol, to this add as much 

boiling water as will convert. it into a thick transparent jelly 

from eight to ten ounces probably being required. After cooling 

add the cod -liver oil, which should first be mixed either with 

plain water or lime -water, in the proportion of one of the lat- 

ter to three of the oil: or if the emulsion is intended to 
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contain the hypophosphites of lime or soda, let these be added 

to the plain water previous to mixing with the oil, and t' en 

let this primary emulsion be gradually added to the mucilage 

of tragacanth with constant stirring. In the process of mixing 

the emulsion not only creams but also thickens uà to a certain 

point; the individual taste must settle the extent to which the 

mixture may be carried. I have found the three drachms of 

tragacanth emulsify from fifty to eighty ounces of what I have 

called the primary emulsion, the former quantity flowing more 

freely and forming what I consider the better emulsion. In 

mixing the oil with the mucilage of tragacanth, care must be 

taken not to add it too hurriedly, or else it will not emulsify: 

the mixture will simply break up into a clotted mass, and no 

amount of labour, apparently, will bring it back to the emul- 

sified form. Under these circumstances, the better way is at 

once to begin again with a small quantity of fresh m cilage,to 

which the clotted mass should be carefully added by degrees. In 

this way only can the emulsion be brought back to its proper 

form. 

Fort Warren, Boston, Hass. Herbert Graham 

Hospital Steward.U.S.A. 

Dr. Robert Hutchinson writing on the subject in tie British 

Medical Journal Mar . 25, 1899, believed that petroleum was of 
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no use as a substitute for cod liver oil a d his experiments 

showed that he extracted all the petroleum he administered. 

I have, however, noWhere fend any analysis of t result 

of feeding experiments with cod liver oil. 

It is common knowledge that different fats have different 

therapeutical actions and although one fat may differ little 

from another chemically yet such fat has its own physiological 

units. Cod liver oil has the power of putting on fat in the 

animal organism. There are not only differences in the physic- 

al conditions of fat, but a difference in the physiological and 

chemical nature of fats which make one kind more readily digest- 

ed and more readily assimilated than another. The fat of cod 

liver oil is quickly stored up in the animal tissues, or rather 

the fat formed from the assimilation of cod liver oil, and it 

quickly disappears. Fro. clinical experience we fi°ld that cod 

liver oil is readily assimilated and the fat derived therefrom 

quickly stored and it is also found thatsuc- fat quickly dis- 

appears after the patient ceases to take the oil. 

I might observe that although animals have the power of 

storing up their own peculiar kind of fat by assimilation of a 

different fat and can do so also from food in Which there is 

no fat,i.e.,albuminoids and carbohydrates, yet the fat peculiar 

to the animal may be modified eit =per by intense feeding with a 

particular fat; such as: e.g. Linseed oil or by the introduc- 

tion into the diet of other substances, which are not fat;such 
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as, e.g. in the ca >se of pigs fed with diet containing much of 

the sea -weed known locally as "Tackle" on the Solway Firth. 

A particular kind of fat which is taken in the food may be 

identified in the fat of the body and Linseed Oil has been so 

identified in the experiments on the 

FORMATION OF FAT IN THE ANIMAL ORGA °ISM BY INTENSIVE /'EEJJIW 3Y 

V.HENRIQUES and C.HANSFN (44th Ber. k. Vet. Landbohojsk,Lab. 

Landokon.Forsog., 1899). In these two pigs (three months old) 

were fed during 168 days with ground barley and melted cocoanut 

or linseed oil mixed with water. At suitable intervals a few 

;rams of fat were taken from the backs of the animals and exam- 

ined. The daily amount of oil was gradually increased from 125 

to 400 grams. The results showed that linseed dl was present 

in the newly formed fat. At the conclusion of the experiments 

when the animals were killed, large quantities of sativic acid 

(hydroxylinoleic acid) were found in the fatty tissues. The 

iodine numbers for the fat of pig.(1) which had cocoanut oil 

all the time, were: October 10, 70.3; December 12, 57.5;December 

30, 71.8; February 1, 92.8; and March 17, 100.3. The refraction 

numbers at the same dates were 60.5 , 56.9, 60.6, 64.2 and 65.4 

The second pig, which had linseed oil until December 9, and af- 

terwards cocoanut oil, gave the followin- results: iodine 

numbers, 70.9, 109.2, 88.3, 83.8, and 69.7; refraction, 60.8,66.7 

64.2, 62.2, and 59.8. Experiments with two cows are also de- 
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scribed. The one had 0.5 kilo. of emulsified linseed oil, 

in addition to hay, ground barley, and linseed meal, the other 

0.5.1 kilo of oil. During the first 4 -6 days, the percentage of 

fat in the milk was increased in some cases by almost 1;- sub- 

sequently, however, the percentage of fat became normal, not - 

withstanding that feeding with oil was being continued. The 

yield of milk changed in the same manner as the percentage of 

fat in the milk. During the feeding with oil the volatile and 

fatty acids of the butter fat greatly decreased; the lowest 

Reicher numbers obtained were (cow 1) 16.5, and (cow 2) 12.5 

for 5 grams of fat. The amounts of volatile acids only slowly 

became normal after the oil -feeding was discontinued. The io- 

dine number and index of refraction changed rapidly both with 

oil- feeding and after it was discontinued; the highest iodine 

number obtained was 70.4. The melting point of the butter fat 
0 

increased from 35.4 °(normal food) to 39 (linseed oil 0.5 kilo. 

Lactic acid was found only in small quantities in the butter 

fat; there was therefore no important transfer of food fat to 

the milk. At the same time, the results of ti.e Hubl test 

showed that Soxhlet's theory is wrong, since the iodine number 

of beef fat is 40, whilst that of the butter fat obtained dur- 

ing the oil feeding was about 58. Partially starved cows yield 

milk in which the amount of volatile fatty acids remains prac- 
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tically unchangedji whilst the iodine number is raised and the 

melting point lowered. This would seem to indicate a migration 

of the liquid constituents (olein) of the fatty body tissue to 

the milk. The conclusion is drawn that when much fat is sup- 

plied in the food, it is secreted as milk fat after having been 

transferred to the blood. The transmissio is not, however, 

direct; in the alveolar cells of tie milk gland, the fat will 

be transformed in such a manner that much olefin and a small 

amount of fat having a high melting point (stearin ) are formed. 

Large amounts of drying oil in the food will be changed to 

non -drying oils before being secreted in the milk." 

Again the late manager of a large firm of bacon curers, 

with 60 years experience states that 

"Pigs fed on fish diet when killed yield a yellow bacon, 

when cured and when hung up to dry wastes very much. in the 

process, is never firm and there is continual dropping of oily 

matter, which leaves the lean hard and dry, and the fat is 

flabby with fish smell and taste." 

Pigs fed on offal give yellow inferior bacon. Pigs fed 

with a large quantity of sea -weed locally known as "tackle" on 

the banks of the Solway produce a yellow bacon with fishy odour. 

An ethereal extract of this sea -weed was found to contain no fat. 

The rate of absorption of fat is greater when the food contains 

more than one variety of fat and cod liver oil increases the 
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rate of absorption of other fats in the food. 

Experiments with oleic and stearic acid support this ob- 

servation, thus, Eduard Pfluger, 

(Pfluger's Archiv,1901, 86, 1 -46) found one hundred 

c.c. of fresh ox -bile dissolves 4 or 5 ;rams of oleic acid; 

the amount rises to more than 10 grams when an equivalent 

amount of sodium hydroxide is also added. On being warned to 
0 

37 for a day, 17 to 19 per cent of the fatty acid is sapon- 

ified. Bile does not accelerate the saponification of oleic 

acid by soda. If stearic acid is warned to 37 for 4 to 5 

days with sodium hydroxide, there is no trace of saponification 

but if oleic acid is also added, saponification goes on rapidly 

and this is much more marked on the a dition of bile. If 100 

c.c. of bile are mixed with 10 grams of stearic and 10 grams of 

oleic acid and an equivalent amount of dilute sodium hydroxide 

solution, about 15 grams of fatty acid are brought into condi- 

tion which is soluble in water. Neutral soaps dissolved in 

water are precipitated by the addition of such water, and free 

fatty acid is liberated; thus; soaps undergo hydrolytic disso- 

ciation. During fat absorption, the reaction of the contents 

of the small intestine is sometimes acid, sometimes alkaline. 

The rate by which a fat is hydrolysed is no guide to the 

rate of absorption, yet a fat cannot be absorbed until it is 

Hydrolysed. The weak alkali which is present in the intestine 
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requires the presence of a ferment to promote hydrolysis and 

this ferment may or may not have a special affinity for variet- 

ies of fat. The specific character and power of the ferment is 

therefore of great importance in fat digestion. This is shown 

by the experiments of H.4uhrig (Chem. Zeit. 1900, 24, 646,648) 

who states that it was supposed that butter was readily digested 

because it is so easily hydrolysed. Yet corn arative experi- 

ments .,nade by the author on butter, margarin, lard, cotton seed 

oil, sesame oil, and cocoanot butter indicate that in all five 

cases the hydrolysis proceeds similarly and to appreciably the 

same extent when cold alcoholic potash of a given strength is 

employed. There thus appears to be no relationship between the 

ease with which a fat is absorbed and the readiness with which 

it is hydrolysed. 

DIGESTION AND FAT ABSORPTION. 

It is not within the scope of this treatise to ascertain 

the dose of cod liver oil, nor the therapeutics as applied to 

the various diseases and conditions in which it is administered 

in the practise of Medicine. 

I have, however, conducted some experiments with a view of 

ascertaining whether cod liver oil is absorbed by the human sub- 

ject in the process of digestion and how far it influences the 

digestion of fats in food and its effect on tissue metabolism. 

The feeding ec- i, -, _ .. ... .. 
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er oil is digested to a greater extent than the fats which 

usually enter into our diet and it has the effect of increasing 

the digestion of the other fats of the food. 

It diminishes the amount of nitrogen excreted,therefore, 

nitrogen is either stored up in the tissues, used up in repair - 

ing tissue waste, or in the formation of new tissue. 

It is contended that Tuberculous patients are deficient 

in nitrogen and have the power of retaining a large quantity of 

nitrogen even when this substance is given in superabundance as 

food. In the treatment of tuberculosis our object should be 

the conversion of a soil susceptible to the growth of the ba- 

cillus into one resistant to the parasite, and may probably 

be done by increasing the nitrogen which is a statement support- 

ed by the experiments of Dr. H. Harper of Nottingham (B.M.S.1902 

1235). It is therefore an interesting therapeutical fact that 

cod liver oil diminishes the excretion of nitrogen. 

If the nitrogen is not stored up in the tissues then it 

must have disappeared in the formation of new tissues, after re- 

pairing the normal waste. 

Experiments on the rate of absorption and assimilation of 

fat, show that fat is mostly used in the formátion of tissue. 

òágolino Mosso (Atti. Real. Acad. Lincei, 1900 (v),9,1,122 -129) 

states that the effects caused by proteids and fats on the tem- 

perature of fasting dogs, show that veal and the constituents of 

yolk of egg are utilised only slowly in the production of heat, 
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indicating that albumen and fat are mostly used ::.n the formation 

of the tissues. Albumen does not serve as a means of keeping 

emaciated dogs alive, but this can be accomplished by adminis- 

tering sugar. Butter and pigs' fat, like albumen, have no 

effect on the temperature of a well fed dog when given in small 

quantities. 

There has been much. controversy as to whether fat is ab- 

sorbed directly "in an emulsified state" or whether it is 

f_rst hydrolysed and absorbed in a state of solution. 

Fat like proteids and carbohydrates undergoes hydrolytic de 

composition before absorption and is never absorbed as emulsi- 

f ìed neutral fat. 

After the hydrolytic decomposition or saponification of 

the fat it passes in solution into the epithelial cells. Numer- 

ous experiments on the absorption of fat have been carried out 

by Ludwig Hofbauer (Pfluger's Archiv,1900, 81, 263 -266). He 

argues that if all the fat of a food is absorbed in a form which 

is soluble in water, the fat globules in the epithelial cells 

and in the chyle should be colourless, if the fat has been pre- 

viously coloured with pigments which are insoluble in water. 

If the fat particles remain coloured, then the fat globules of 

the emulsion must have been absorbed as such. He experimented 

with fat globules coloured with alkana -red, and "Lackroth A ", 
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and in dogs it was found that the absorbed fat particles in 

cells and chyle were still red. They were never blue, although 

these pigments are turned blue by alkalis. He also refers to a 

case of chyluria in which, after giving coloured fat, the fat 

particles in the urine were also found to be coloured. 

But these experiments of Hofbauer's have b - =en severely 

criticised by Eduard Pfluger (Pfluger's archly, 1900, 81, 375- 

380) who argues that although the pigments used by Hofbauer are 

insoluble in water they are soluble in bile, in soap and in 

glycerol therefore Hofbauer's work gives no proof that fat is 

absorbed in an emulsified form. 

Hofbauer's work has been further criticised by Hans Fried - 

enthal (Centr. Physiol. 1900, 14, 258 -261). He argues that the 

absorption of fat in the large intestine where there is an ab- 

sence of steapsiri either shows that neutral fat cRn be absorbed 

as such or that the outer part of the epithelial cells is ana- 

lytic, and the deeper portion synthetic in its action. The main 

objection to Hofbauer's method is that the pigments he used are 

soluble not only in fat, but also in fatty acid. He actually 

states that alkana, is not soluble in soaps unless free fatty 

acid is present as well. 

This criticism of Hofbauer's experiments is to some extent 

supported by Rudolph Hober (Pfluger(s Archiv, 1901, 86, 199 -214) 

who records a series of experiments which support the conclu- 
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sion that certain pigments are absorbed by the epithelial cells, 

but that salts, most carbo -hydrates, and all substances for 

which living protoplasm are absorbed between the cells. 

It is interesting to note that Hartog J. Hamburger (Archiv. 

Anat. Physiol. Abth. 1900, 433 -464) has shown that the large 

intestine is capable of absorbing fats, this property not being 

confined, as hitherto thought, to the small intestine. In order 

to obtain marked absorption, it is necessary to take an emulsion 

and leave it a long time in the intestine. Admixture with sod- 

ium carbonate is unnecessary; sodium chloride which is rapidly 

absorbed will do as well. Admixture with sapo medicatus also 

suffices. Soaps are absorbed, but during absorption are part- 

ly converted into fats. This is brought about by the mucous 

membrane; it can be proved after the removal of the intestine 

from the body, and is also brought about by the surviving mem- 

brane after it is finely minced. Heating the mucous membrane 

to 80 destroys this property. 

Otto Cohnheim (Zeit -Biol. 1900, 39, 167 -172) records some 

experiments in which after the epithelium of the small intestine 

had been destroyed by hot water, fat absorption ceased. 

Experiments by Charles Bouchard and Alexandre Desgrez (Comp 

Rend. 1900, 130, 816 -822) show that in a starving animal,the 

copious administration of fat does not increase the glycogen of 
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the liver but only that of the muscles. Fat must therefore be 

regarded as one source of the muscular glycogen; they state 

that muscular glycogen when oxidised, is converted into lactic 

acid, and not into sugar. 

As the hydrolysis of a fat in the process of digestion is 

dependant upon the presence of an hydrolytic ferment, it follows 

that the removal or destruction of the ferment must at least 

partly take place before the re-formation of the fat in the 

presence of glycerol. 

The outer layer of the epithelial cell contains smaller oil 

globules than the inner layer, the former has therefore been 

called ,the analytical and thy: latter the synthetical portion 

Whet_èr these terms correctly explain what happens in the epi- 

thelian cell, has, up to the present as far as I am aware,not 

been proved. It appears probable that the whole of the fats 

before absorption undergo hydrolysis, and this hydrolysis must 

be almost entirely due to the action of the ferment outside the 

epithelial cell. Now the electrolytes in the acids and soaps 

and the glycerol will pass through the epithelial cell wall 

far more readily than the ferment in as much as the latter will 

possess molecular weight ma _.y times as large as that of the 

glycerol, and also being in all probability a colloid it will 

pass through a membrane very much slower than any electrolyte. 

We may therefore regard the whole of the action in the epithel- 
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ial cell as synthetical in regard to the re- formation of fat. 

Any fat destroying ferment which may enter the epithelial cell 

will most probably be _there destroyed by the vital act:L on of 

the cell or possibly abstracted by leucocytes and carried into 

the blood. 

In the event of the removal of the fat destroying ferment 

by the vital action of the cell it is obviously to be expected 

that there will be less fat re- formed at the point - where such 

ferment enters the cell, than is in the outer or so- called 

analytical portion. 

Hofbauer, who supports the theory that fat passes into the 

epithelial cells as "emulsified fat" without having previously 

undergone hydrolytic change has not proved his case in his ex- 

periments on the absorption of fat stained with pigment,Pfluger 

having pointed out that the particular pigment used was soluble 

in bile acids, soap or glycerol. Yet on the other hand, this 

fact does not necessarily support the opposite view, but gives 

a negative result to the experiments. 

It seems probable that the whole of the fat in the process 

of normal digestion is hydrolysed in the intestines, and the 

products are absorbed in solution, the fatty acids, eitler as 

soaps or in a free state, or a portion as soap and the other 

portion free, and the glycerol absorbed as such. Petroleum 

which cannot be hydrolysed, and fats such as lanolin which are 
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hydrolysed only slowly may be emulsified in the intestine,and 

if the mere state of emulsification :as the only necessary con- 

dition for absorption then we might expect that these substances 

would be absorbed, but I have shown in my feeding experiments 

with Petroleum Emulsion that absorption does not take place and 

it has been repeatedly shown that lanolin is not absorbed,which 

is one reason for rejecting the old theory that fats were ab- 

sorbed in an emulsified state. 

In other words, substances which do not undergo hydrolysis 

into glycerol and an electrolyte cannot be absorbed and there- 

fore cannot be considered food. 

.REEDING EXPERIMENTS. 

The following feeding experiments were conducted 

No. 1 with ordinary diet 

No. 2 with ordinary diet and cod liver oil emulsion 

No. 3 with ordinary diet cdd liver oil 

No. 4 ordinary diet Petroleum emulsion. 

I used the most widely advertised emulsions viz. Scott's 

Cod liver oil Emulsion, and in order that my results should be 

comparable I obtained from Messrs. Scott a supply of the Cod 
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Liver Oil which enters into the composition of their prepara- 

tion in order that my results might be comparable.' 

No. 1. contains no Cod Liver Oil or Emulsion. 

No. 2. contains Scott's Cod Liver Oil Emulsion. 

No. 3. contains Scott's Cod Liver Oil. 

No. 4. contains Angier's Petroleum Emulsion. 

The subject of my experiments was a male weighing 125 lbs. 

The duration of each experiment was 3 days; the food was 

sampled on a duplex system which was carried out in the follow- 

ing manner. 

The consumer was allowed to ta -Ke whatever food he desired 

and the exact counterpart of the food consumed was taen for the 

purpose of analysis. i.e. If the consumer took two ounces of 

bread, then two ounces of the bread were taken as the sample, 

and the same with meat and other articles consumed. 

The whole of the food for 3 days was mixed together, dried 

minced, and carefully sampled for estimation of Fat and Ni ro- 

gen. The faeces and urine were collected for a period corres- 

ponding to tie of consumption of the diet. 

In experiment No. 1, The food contained 77.470 grms. of 

fat per diem and the analysis of the faeces gave 4.13 grms. of 

fat, so that the faeces contained 5.33% cf the fat which was 

taken as food. 
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In experiment No 2. The food contained 129.991 grins of 

fat per diem and the analysis of the fasces gave 4.68 grms,of 

fat or 3.62g of the fat taken as food was found in .the faeces. 

The food in this experiment contained 68.2 grams of Scott's 

Emulsion per diem in which was 33.6 grins. of fat. 

If we had to ignore this 68.2 grins. of Scott's Emulsion 

from the calculation, we wold have a result showing that the 

faeces contained 4.84% of the fat taken as food, or 49% less 

than in experiment No. 1 in which no Cod Liver Oil or Cod 

Liver Emulsion was given. F. -om this we have a right to assume 

that not only is the Cod Liver Oil which is taken in the form 

of Emulsion digested but.it increases the digestibility of the 

other fats of the food a6 represented by the difference between 

5.33% and 4.84% which is :49% as a minimum amount. 

In experiment No. 3 ; The foodcontained 136.44 grms. of 

fats per diem, and the analysis of the faeces gave 4.45 grms 

of fat or 3.26% of the fat taken as food was found in the faeces 

The food in this experiment is inclusive of 33.6 gyms. of 

Cod Liver Oil per diem. 

If we had to ignore this 33.6 grins of Cod Liver Oil from 

the calculation we would have a result showing that the faeces 

contained 4.31% of the fat taken as food or 1 -02% less than in 

experiment No. 1 in wr_ich no Cod Liver Oil or Cod Liver Oil 

Emulsion was given. From this also we have a right to assume 

that not only is Cod Liver Oil digested but it increases the 
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digestibility of the other fats of the food as represented by 

the difference between 5.33% and 4.31% or 1.02% as a mimimum 

amount. 

Te great point to ascertain in the case of administration 

of Cod Liver Oil or Cod Liver Oil Emulsion is whether or not 

it is absorbed and used as a food, and these experiments show 

conclusively that when 33.grms. of oil has been given with the 

food the same must disappear in the body as little over 4 grms 

of fat can be extracted from the faeces which, as above indi- 

cated, represents a less percentage of the fat dejected than 

when no oil is taken. 

As the results are fro_:i one series of experiments they 

must be estimated accordingly, and the dosage of Cod Liver Oil 

or Cod Liver Oil Emulsion must not be inferred from them,and 

all I can say is, that for a period of three days these results 

were obtained. 

The clinical experience of physicians must be appealed to 

for dosage for lengthened periods and this experience must setite 

the amount of oil or Cod Liver -Oil Emulsion which may be pre- 

scribed for a patient. And the question of toleration, idio- 

syncrasies and other conditions of the patient requires the 

attention of the physician. 

My own experience is that Cod Liver Oil is not tolerated by 

a patient during a whole year even to the extent of one tea- 
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spoonful per diem in the great bulk of cases, whilst in the form 

of Emulsion it is the exception to find that it cannot be tol- 

erated. 

In s cases where Cod Liver Oil has been given even to 

the extent of one teaspoonful a day for a lengthened time, the 

oil may in some cases be seen floating on the stools, but when 

given in the form of Emulsion one does not find this condition. 

In the case of patients who have taken Petroleum Emulsion 

the faeces are difficult to dry owing to the presence of the 

petroleum, and one may set fire to the faeces and the flame of 

petroleum is well marked. 

In experiment No. 4 204.7 grins of Angier's Petroleum 

Emulsion was given during 3 days. This Emulsion contained 28.69% 

of Petroleum. 

58.728 grins. were taken and 

55.413 " were excreted. i.e. 

96°0 of the Petroleum taken was execreted within 30 hours of 

administration. The faeces gave 37.19% of Petroleum. 

It would appear therefore that the Petroleum is unchanged 

in the body and merely passes through, and has no food prop- 

erties. There are no grounds for belief therefore that Petrol- 

eum which exidently passes unchanged through the alimentary 

canal can have any effect on the respiratory or urinary organs. 
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In experiment No. 1. 

The amount of nitrogen in the food was 12.54 gyms. per diem of 

which 73% was eliminated in the urine and faeces. 

In experiment' No. 2 (Scott's Emulsion) 

49.95íN. was eliminated by urine and faeces. 

In experiment No. 3 (Cod Liver Oil) 

63.48 N. was eliminated by urine and faeces. 

In the estimation of nitrogen in the discharges it is 

difficult to get nearer than from 10 to 20% of nitrogenous 

equilibrium in one's results in a perfectly healthy person of 

constant weight. 

In this case with ordinary diet which contained oily 12.54 

gnus of nitrogen and 77 gyms of fat --73% of nitrogen was ex- 

tracted from the faeces and urine, but when taking Scott's 

Emulsion the nitrogen excreted wns reduced to 50%, and where 

oil alone was given an intermediate amount was found,viz.63 %. 

The figures show that it was possible to put on flesh equal 

to seven times the weight of the oil taken in the Emulsion, and 

four times the weight of t=he oil when taken as oil alone ,assum- 

ing that the nitrogen taken and not excreted was used upon the 

formation of flesh, but this must be reduced as the subject of 

the experiment when taking no oil, gave only 74 return of the 

nitrogen of the food and still maintained weight equilibrium so 
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that the figure 73 and not 100 must represent- the standard,and 

instead of getting an increase of weight equal to seven times 

the weight of tree oil in the Scott's Emulsion, and four times 

the weight of the oil, when this is taken by itself,aniounts 

given above must be reduced by 27 %. 

This is rather striking as the amount of fat found in the 

faeces when cod liter, pil was administered was a slightly lower 

percentage than when the oil was given as Emulsion. 

It is quite evident that the adjuncts to the oil in the 

Emulsion i.e. Glycerol, Hypophosklites of Calcium acid Sodium have 

some influence in promoting metabolism and producing changes in 

physical units which cannot be altogether explained by chemical 

means. 



(57) 

PAR T 2. 

1. Density of Cod Liver Oil. 

2. Solidification 

3. Viscosity 

4. Colour. 

5. Taste and Smell 

5. Temperature of Reaction with sulphuric acid. 

7. Bromine and Iodine values. 

8. Acetyl Acid, Acetyl and Acetyl Saponification values. . 

9. Acidity and Rancidity. 

10. Colour Reaction with Sulphuric Acid. 

11. Nitric Acid. 

12. Tests for Chalesterol. 

13. Nitrogen in Oils. 



;1) (58) 

Density. 

A Sprengel Tube 

is dried in hot air by aspiration after a thorough cleansing 

with ether and cooled to a temperature of 15.5 °C and weighed 

in a balance at 15.5 °C. The oil is sucked into the tube by 

means of a pump. When full the tube with its contents is 

brought to a temperature of 15.5 °C by immersion for half an 

hour in a beaker of water at that temperature. The capillary 

tubes on both sides are scratched with a file giving the mark 

to which the oil or water is drawn. Blotting or filter paper 

is used to get the oil or water to the exact mark line. The pro 

portion between the weight of water filling the tube to the 

marks and the oil filling the tube to the marks gives the 

specific gravity and in order to ascertain this it is necessary 

to take. 

A. weight of Sprengel Tube at 15.5 °C. 

B. weight of Tube -f- Oil at 15.5 °C. 

C. weight of Tubei water at 15.5 °C. 

The comparison is sufficiently near for all practical purposes 

although some fine differences would be calculable on working 

out at 4°C. and correcting to normal pressure of atmosphere 

at sea- level. Examples are given of four different Cod Liver 

Oils. 



1st. Allen & Hanbury 

2. Ansar & Harford (Dr. de Jongh's Oil). 

3. Moller's Hydroxyl frée. 

4. Scott's contained in Scott's Emulsion. 

1. Allen& Hanbury's 

Tube-I-0il 80.073 grammes 

Tube Only 51.237 " 

28.836 grammes of oil. 
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Tube -} -water 82.350 grammes 

Tube only 51.236 " 

31.114 grammes of water. 

28.836= --31.114 gives 0.9267, which is the specific gravity of 

Allen & Hanbury's Oil as referred to water. 

And in like manner I treated the other three samples with 

the following results 

No. 1. Allen & Hanbury's 0.9267 Sp. qr. 

No. 2 Ansar & Harford 

(Dr. de Jongh's) 0.9272 

No. 3. Moller 0.9251 

No. 4. Scott 0.9270 " " 
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(II) Solidification. 

Several samples of Medicinal Cod Liver Oil were exposed to 

a freezing mixture for 3 hours and no solidification was found 

at 0° C. When immersed in a mixture of ice and salt, solid- 

ification occurred in all cases. The solidifying points of 

the oils examined varied from about -6° to -10° C. 

(III) Viscosity. 

The viscosity of Cod Liver Oil as ascertained by Redwood's 

Viscometer, which is a standard instrument, indicates the time 

(in seconds) occupied by the passage of 50 cos. of the oil 

through the standard hole. The 

vary very much and were: 

results I obtained did not 

1. Allen & Hanbury's Oil 275 

2. Ansar & Hurford 268 

3. Moller 270 

4. Scott 268. 

A sample of old Norwegian oil was so viscous that its 

viscosity could not be determined by this instrument. 

(IV) Colour varies from 

Pale yellow to dark brown and with different degrees of 

brilliancy and dulness. Some are translucent and others opal- 

escent. 
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(V) Taste and Smell 

The taste and small are ch aracteristic and v: =ry from the 

slightest fish flavour in the medicinal oils to a pronounced fi 
fishy flavour in the cod oils of commerce with pungent smell 

and nauseous taste. 
In the best medicinal oils the fishy flavour is so slight 

that it amounts merely to a sort of wallowness. 

(VI) Rise of Temperature with Sulphuric Acid. 

Just as when concentrated Sulphuric Acid is added to water 

there is a liberation of heat, so when the acid is mixed with 

Cod Liver Oil there is heat liberated. The comparison between 

the two amounts affords a test of the purity of t e sample. 

The rise of temperature with the acid was first determined. 

25CCs of water were mixed with 5CCs of H, 30 

1. H at 
2o 2. " 

n 3. 

. 4. n 

The average rise 

2 4 
9° C rose to 51° C.or an increase of 42° C. 

n n n " 5i °C. ° " 42 ° C. 

n " 52°C. n " 44 °C. 
n " " 50° C. " 41 °C. 

in these four cases was 42. 25 ° C. 

25 CCs of Moller's Oil were then mixed with 5CCs of h 30. 

2 4 
1. Oil at 13° C. rose to 124 ° C. an increase of 111 C. 

2. Oil at 13 ° C. If " 112°C. tt " 99 `Th. 



The average rise in the two cases was therefore 
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105° C. 

Take the proportion between between 42. 25 ° and 105° and 

multiply by 10, and the number 248.5 is obtained, this signifies 

that, if 100 calories of heat are liberated on the addition 

of Sulphuric Acid to, water then 248.5 calories are liberated 

in the case of Cod Liver Oil. 

The results obtained with the oils mentioned before varied 

from 240 -260. 

(VII) Bromine and Iodine values 

The amount of absorption of Bromine or Iodine is a measure 

of the proportion of unsaturated compounds in the oil and this 

is ascertained in the following manner according to Allen. 

About 0.1 grm. of the oil, previously derived of all trace 

of moisture by heating or filtration through paper is placed in 

a stoppered bottle of about 100 CC capacity and dissolved in 

50 CC of carbon tetra chloride previously dried by calcium 

chloride. An approximately decinormal solut on (8 grins. per 

litre) of bromine in dry carbon tetra -chloride having an exact- 

ly known strength, is then added gradually to the solution of 

oil, until there is, at tì-s end of fifteen minutes a permanent 

colouration. Tris is compared with a colouration similarly 

produced in a blank experiment, and thus a measure of the brom- 

ine absorption is obtained. 
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Greater accuracy is obtained when an excess of bromine is 

used and the solution titrated back with a standard solution of 

sodium thin- sulphate after an aqueous solution of potassium 

Iodine and starch has been added. 

To ascertain the Iodine absorption according to Lewkowitsch 

take from 0.2 to 0.3 grns, of oil, weighed accurately and 

dissolved in 10 CC of chloroform the solution is mixed in a 

stoppered flask with 20 CC of the standard solution of Iodmmer- 

curie chloride and if the liquid is not quite clear after agi- 

tation a further addition of chloroform is made. If the mixture 

becomes decolorised or nearly so, after standing a shore time, 

siddfrom 5 to 15 CC of Iodine solution. To ensure accurate 

results, the excess of iodine must be considerable and hence the 

liquid ought still to be quite bro,m after standing for 2 hours. 

After that time, from 10 to 15 CCs of a 10% aqueous solution of pot- 

assium iadine ix added and the whole diluted by 150 CCs of water. 

The free iodine part of which exists in the aqueous and part 

in the chloroform solution, is then determined by titration with 

this sulphate, the contents of the flask being frequently agi- 

tated, and starch solution is added just before the end -f the 

reaction. A blank experiment with the same quantities of chlor- 

oform, Iodine solution, etc., is made side by side with the 

actual test, so as to correct for any impurities in the reagents 



(64) 

and to ascertain the true strength of the Iodine solution. 

The differences between the volume of Thiosulphate used in 

the blank experiment and that required in the experiment in 

which the oil was employed is then calculated into its equiva- 

lent of Iodine and this to units per cent. of the oil. 

Bromine (latter method adopted) 

Scott's Oil. 

Flask t Oil 

Flask 

Weight taken 0.122 

ran in 25 CC Bromine solution, and allowed to stand 2i hours 

added 10 CCs of 10% sol. Pottasium Iodine and titrated back 

with standard solution of Thiosulphate of, soda using starch as 

indicator Bromine sol. is standardised with decinormal Sodium. 

39.407 grms. 

39.285 " 

Thiosulphate. 10 CCs of Bromine solution taken equals 10.8 CCs 

of Thiosulphate of Soda solution, therefore 25CCs df Brom.sol. 

27 CC of NO S 0 
2 2 3 

1 CC of decinormal sodium Thiosulphate = 0.01007 grammes of 

Iodine. 

Titration of Oil 

1:1.7 CCs of Thio used for the 25 CCs of Bromine solution 

27 CCs of NaS 0 =the 25 CCs of Br. Sol. added 
2 2 3 

Deducting 11.7 gives 15.3 CCs of Na S 0 
2 2 3 

which is the amount equal to the Iodine equivalent to the Brom- 

ine abGorber, 
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1. CC of Na S 0 
2 2 3 0.01077 I. therefore 

15. 3 CCs 0.164781 grms.I. 

The atomic weight of Iodine being 1.27 and 

the atomic weight of Bromine being 80 therefore 

15.3 CCs - 0.164781 x 80 = .103799 grms Br. 

The weight of oil taken was 9.122 grins. which absorbed 

0.103799 grammes of Bromine, therefore ],00 grins. will absorb 

0.103799 x 100 85.08 per cent of 

Bromine absorbed 

Iodine Absorption 

Scott's Oil 

Flask and Oil tr. 50.306 grins, 

Flask only 50.094 " 

Weight taken 0.212 grata. 

Ran in 50 CCs of the Iodine solution 

The Iodine solution consisted of 

25 grins. Iodine in 500 CCs of absolute alcohol to which 

was added a solution of 30 grins. of Hg Cl in 500 CCs of ab- 
2 

solute alcohol allowed to stand sometime and filtered before be- 

ing added to the Iodine solution, making in all 1000 CCs of 

solution to be standardised 
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This solution was allowed to stand 24 hours and was 

standardised in every case immediately before use with 

Na S 0 solution 
2 2 3 

1CC of this Mercuric -Iodine contained 0.0936 Iodine 

50 CCs therefore contain 0.468 grins of I. 

21 CCs of Na S:O were required to titrate the excess of I. 
2 2 3 

1 CC of Na a 0 = 0.01077 grms I. therefore 
2 2 3 

21 CCs = 0.22617 " of I. 

whic latter figure being deducted from 

0.468 gives 0.24183 grans of Iodine absorbed by 

0.212 grins. of oil taken. 100 grins. therefore requires 

0.24183 x 100 _ 114.07 per cent of 
.2 

Iodine Absorption. 

Bromine and Iodine values 

Cod Liver Oil 

Allen & Hanbury 

Bromine Absorption 

in 22 hours 

78.8 

Iodine 

117.7 

Moller 84.4 113.5 

Ansar & Harford 

(Dr. de Jongh's) 84.24 110.5 



Coleridge 85.06 

Scott 85.08 

142.45 

114.07 
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The above values were obtained under analogous conditions 

to those detailed above in the case of Scott's Oil. 

Determination of Acetyl Values. 

About 10 grammes of the oil were boiled with an equal 

volume of Acetic anhydride. 

The acetylated product when washed free from acetic acid 

was separated from water and filtered through filter paper 

in a drying oven. 

From 2 to 4 grms. of the acetylated product were then 

saponified by boiling with alcoholic-potash, dilute sulphuric 

acid (1.10) more than sufficient to satdrate the potash used 

was then added and the liquid distilled. 

Since several hundred CC of water must be distilled off, 

water was run into the distilling flask from time to time through 

a stoppered funnel fixed in the cork. 

It was found sufficient to distil off 500 to 700 CC of 

water as the last 100 CC never required more tian 0.1 CC of 

decinormal alkali. The distillations were then titrated with 
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decinormal potash, phenolphthalein being the indicator, multiply 

the number òfß` CC by 5.61 and divide by the weight of the sub- 

stance taken. This gives the acetyl value. 

ACETYL VALUE OF OLD NOB EGIAN OIL. 

Basin +. Acetylated Oil 

Basin only 

MD MO 

50.636 grms. 

47.946 " 

Weight of acetylated oil taken 2.690 

This was saponified, acidified and distilled. The dis- 

tilled was made up to one litre and 50 CCs titrated with N KOH 
2 

(1) required 2.1 CC 

(II) required 2.1 CC. 

2.1 CC in 50 CCs 

5.61 42 87.59 Acetyl value. 
2.69 

42 in 1000 

Light Norwegian Oil from Sharpe's Wharf. 

Basin Acetylated Oil 

Basin only 

Weight of Acetylated oil taken 

- 

54.220 grins. 

50.043 " 

4.177 " 

This was sapor_ifiâd, acidified and distilled. The dis- 
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tillate was made up to 1000 CCs. and 50 CCs titrated with N KOH 
2 

(1) required 0.6 CC 

(II) required 0.6 CCC 

0.6 in 50 = 12 -in 1000 

5.61 X 12 a 16:11 acetyl value. 4.1n 

Allen & Hanbury's 

Basin + Acetylated oil 
Basin only 

Weight of acetylated oil taken 

35.260 grms 

32.684 " 

2.576 

This was saponified, acidified and distilled. The distil- 
late was made up to 1000 CCs. and 50 CCs. titrated with 11 KOH 

2 
(1) required 0.6 CC 

(2) required 0.6 " 

0.6 in 50 

5.61 X 12 
2.576 

loam 
12 in 1000 

26.1 acetyl value 

Peter Miler's Oil 

Basin .I.. Acetylated Oil 

Basin only 

Weight of Acetylated oil taken 

54.652 grms. 

49.706 " 

4.946 It 
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This was saponified, acidified and distilled. The distillate 

was made up to 1000 CCs and 50 CCs titrated with N KOH 
7 

(1) required 0.75 CC 

(II) " 0.75 " 

0.75 in 50 m 15 in 1000 

5.61 X 15 17.01 Acetyl value 
4.946 

The following is a summary of the determinations of 

Acetyl Value, 

by Lewkowitsch's Method. 

Acetyl Value 

1. Peter Moller's Oil alone 20.3 

2. Dark Old Norwegian Oil 87.59 

3. Allen & Hanbury 26.10 

4. Peter Mooler after air 17.01 

5. Peter Moller with Glycerol 17.95 

6. Peter Moller with Sterile air 36.80 

7. Light Cod Liver Oil 16.11 

from Sharpe's wharf 6 years old. 

As these figures represent the milligrammes of potash re- 

quired for the neutralisation of the Acetic Acid obtained on 

saponification of one gramme of the acetylated insoluble fatty 
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acids, there is no practical difference between No. 1,2,3,4, 

5,7. 

No. 2 stands out and shows that rancidity of _Cod Liver Oil 

is due to formation of Hydroxy compounds. This oil was very 

dark coloured, viscous and nauseous. 

A series of experiments were carried out to find what in- 

fluence air (sterile or non -sterile) had on the acetyl value of 

cod liver oil. Peter Moller's Hydroxyl free "Cod Liver Oil" 

was used. 

A series of Woulff's Bottles numbered 1,2,3,4,5,6 and con- 

nected by rubber tubes were used. One neck of No. 6 was free 

in the air and one neck of No. 1 was connected to an air pump, 

so by this arrangement air could be drawn from the room through 

the whole series of six bottles. 

In bottle No. 6 which had one end free to the ordinary 

atmosphere, was placed 20 grammes of Moller's Cod Liver Oil 

In bottle No. 5 was placed Alcohol 

In 

In 

In 

in 

" 

11 

No. 4 " 

No. 3 

No. 2 " 

No. 1 " 

Concentrated H SO 
2 4 

20 grammes of Moller's C.L.Oil. 

20 Grs.Moller's Cod Liver Oil 

0.2 grs. of yeast. 

20 grs. of Moller's Cod Liver Oil 

1CC Irrigation Sewage Effluent. 
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The air drawn through the oil in No. 6 was non- sterile, but be- 

fore this air. reached No. 3 it had to pass through Alcohol in 

No. 5, and Sulphuric Acid in No. 4 and thus rendered sterile. 

The stopper of each of the bottles was traversed by a fine 

glass tube, the end of which dipped into the contents of the 

bottle. The point of this tube was drawn fine so as to en- 

sure the air passing through the contents of the bottles in a 

fine continuous stream. 

The sterile air from bottle No. 3, was next drawn through 

No. 2 in which was oil and yeast, after which it was drawn 

through No. 1 which contained Oil and Sewage Effluent. 

The air was drawn through the series of bottles for 20 

hours in a fine continuous stream, the bottles being frequent- 

ly skaken. 

No. 2 & No. 1 were incubated at 370 C. 

No. 2 frothed somewhat. 

In addition to the four previous samples, a fifth sample 

was taken containing oil with no previous treatment. The 

samples were saponified with Alcoholic K{O and evaporated in 

Porcelain basins. 

The dry soap obtained was dissolved in water and boiled 

to expel all the alcohol, and acidified with dilute 1 go to 
2 4 

liberate the fatty acids.. 

From the porcelain basins the contents were poured into 
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glass separators, and thoroughly washed with H 0 until acid free 
2 

as tested by litmus paper, and the .final water is taken out by 

filtering through filter paper in air oven at 90 °C. The paper 

absaabing the water. 

To the pure fatty acids in the flask add equal volumes of 

Acetic Anhydride CH C0% 
3 0 

CH CO( 
3 

Boil for two hours under reflux condenser. 

Pour into a Porcelain Basin containing 500 CCs of H 0 and 
2 

boil away the Acetic Anhydride. 

Put in separating funnel as before and wash with water 

until acid free. 

Filter in hot air oven to free from H O as before. 

Place a weighed amount in Beaker. 

No. 6. (ordinary air 

Flask 1' Acid 

Flask only 

Weight taken 

54.943 grammes 

52.193 grammes 

1.850 grammes 

2 

Add Alcohol and Phenol- phthalein 

11.6 CC of N koh required to neutralise 
2 

1.85 rammes of the fatty acid of the oil 

which on calculation gives 175.5 milligrammes of KOH for 1 

gramme of Acetyl Acid. 
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23.2 CC of .N koh was afterwards run in. 

Boil for half an hour. 

23.2 CC H SO NKOH 
2 47 

1.7 CCs of N KOIT was required 
It 7 

1 CC of N KOH solution contains .028 graus. of koh 
2 

1.7 x .022 koh for 1.85 grammes of oil Acid 

or .03113 for 1 gramme of acid or 

31.13 Acetyl value 

1. 11.6 CC required for Acetyl Acid 175.5 

2. 1 -7 CC " Acetyl Value 31.13 

3. 1 + 2 Acetyl Saponification value206.63 

.11111 'ID 

No. 3. Peter Moller's Oil + Sterile Air 

Flask + Acid 

Flask 

60.533 grammes 

58.642 " 

Weight of Acid 1.891 Grammes 

11.9 CC of KOH for Acetyl Acid 
2 

1.75 " " Acetyl value 

Acetyl Acid value 181.4 

Acetyl value 26.22 

Acetyl Saponification 207.62 
value 



No. 2 Peter Möller's Oil -i-- Yeast 

Flask + Acid 

Flask only 

Weight 

= 46.366 grammes 

45.334 " 

1.032 grammes 

6. 4CC N KOB Acetyl Acid value 
2 

2. 4 CC Acetyl value 

Acetyl Acid value 173.6 

Acetyl value 65.11 

Total Saponification value 
238.71 

No. 1. Peter Möller's Oil Sewage Effluent 

Flask -1- Acid 43.346 grammes 

Flask only 40.129 " 

Weight 3.217 

19.1 N KOH for Acetyl value 
2 

12.3 N KOH for Acetyl value 
7 

Acetyl Acid Value 

Acetyl value 

Acetyl Sap. value 

151.7 

107.05 

258.75 

( 75) 

In the next estimation Peter ïióller's Cod Liver Oil was 



examined without any previous treatment. 

Flask Oil Acid 

Flask only 

Weight taken 

41.513 grammes 

36.727 

4.786 

28.6 CC of KOH N for Acetyl Acid 
2 

3.85 " " for Acetyl value 

Acetyl Acid value 

Acetyl value 

Total Saponification 
value 

1 

167.3 

22.52 

189.82 

If 

" 

2 3 4 
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No. 1 Ordinary Air Sterile Air Yeast Sewage 011 with no 
treatment 

Acetyl Acid 
value 175.5 181.4 173.6 151.7 167.5 

Acetyl value 31.13 26.22 65.11 107.05 22.52 

Acetyl 
saponification 
value 206.62 207.62 238.71 258.75 189.82 

In this series the results were obtained by Bened.ik :'s 

method. There may, however, be a possible error owing to the 

probable formation of Anhydrides on Acetylation. 



R. CHOH COOH _ ((R. CHO Ac.CO)0 
) 2 

+2 (Ac)2 0 _}-2H0 Ac 

(77) 

The determination of Acetyl value = milligrammes of KOH re- 

quired to split off Acetyl group from Acetylated Hydroxy acid- - 

in Lewkowitsch's Method the error due to formation of Anhydrides 

is obviated by distilling off the Acetic Acid formed by the 

split off of the Acetyl group before titration. 

Percentage Acidity of Cod Liver Oil 

Sample pf Scott's "Oil 

weighed 33.6328 grammes which required 

1.5cc of KHO Sol. to neutralise 

lcc of this KHO Sol. = 0.7 N H SO 
2 4 

... 1.5cc := 1.05 N H SO Solution 
2 2 4 

33.6328 grammes of oil = 1.05 N H SO Solution 
2 2 4 

lcc of N H SO _ 0.141 Oleic Acid 
2 4 

. . 1.05_ 0.14805 Oleic Acid 

0.14805 $. 100 = .44 grins. of Oleic Acid. 
33.6328 

That is, the acidity of this sample of Cod Liver Oil is eq- 

uivalent to 0.44 grammes of Oleic Acid Acidity in 100 parts. 

The Acidity of Newfoundland Medicinal Oil (Nansen) 

was found to be 2.717 



The 6 years old Light Norwegian 
Oil (Sharpe's wharf) 1.582 

Coleridge's Oil 1.081 

Ansar & harvar's (Dr. de Jongh) 9.163 

The Old Brown Nauseous Norwegian 
Oil 14.33 

Scott & Bowne's Cod Liver Oil .44 

(78) 

It was found that when Scott's Oil was exposed to air for 

several months that the acidity increased to 1.467. Yet the 

acidity of Scott's Emulsion exposed for the same time was only 

0.77, thus supporting my stateme.t that Glycerol so mixed with 

oil as in this Emulsion prevents the splitting of the oil into 

free fatty acid and Glycerol, in other words prevents rancidity. 

Colour reactions 

Sulphuric Acid gives various1 j9plours with various oils. 

1. Cod Liver Oil= Violet colour. 

2. Neatsfoot Oil =Brown to Red Brown 

3. Castor Oil =Yellow to Brownish Yellow 

4. Colza =Brown to Sepia Brown 

5. Linseed Brown to Reddish Brown etc. 

with more agglutination than No. 2. 

:I) Nitric acid of specific ravity 1.5 gives an Albumen ring 
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at the junction of the oil with the acid, of a brilliant red 

colour becoming yellow on shaking. 

This is a distinguishing test from other fish oils, as a 

blue colour appears in oil from Merlangus for some hours which 

afterwards changes to yellow. 

And seal oil turns brown in time.-- - - - - -- Adulterations 

with these oils may thus be detected. 

Sulphuric Acid + Nitric Acid. 

A mixture of equal parts of Sulphuric Acid and Nitric Acid 

with 10 volumes of oil give a brilliant rose quickly changing 

to lemon yellow. 

Other oils do not give this colouration. 

Cod Liver Oil will give the tests for 

Cholesterol 

1. Agitation with chloroform and sulphuric, acid in equal 

volumes gives a Brown -Blood red colouration changing to blue 

green then to yellow. 

The solution also shows fltzoresence. 

2. Evaporation with HNO gives a yellow coloration which 
3 

after the addition of ammonia charges to a red coloration and 

is unaffected by the addition of potash thus affording a dis- 

tinction from the well known test for Uric Acid. 
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3. An Acid solution o f Ferric chloride gives a Violet 

Red Coloration which when heated changes to a Blue violet and 

then to dull grey. The coloration is not given with any con- 

stituents of the Bile. 

Estimation of 

Nitrogen in a sample of Light Norwegian Oil, 6 years old, 

which had a very low Acetyl value. 

K7'eldahl Method 

Basin +-Oil 39.7720 grms. 

Basin only 

Weight taken 2.1885 

37.5835 

Oil boiled with sulphuric acid till the charred mass became 

colourless, an excess of caustic soda was then added and the mix 

ture distilled into 

100ass.N H SO 0.49 gr. H SO 
-115 2 4'. 2 4 

N KOH 
10 

(1) 2.45 ccs. required 

(I1)2.45 " 

2.45 in 25ccs. or 98 in 1000 

(0.0049 + 98) = .4802 

0.4900 -0.4802 .0098 acid required to neutralise the ammon- 

ia evolved 

.0098 + 2 = .0028 N. in 2.1885 grms. of oìl. 

0.0028 .- 100 0.127% N. in 
2.1885 



Sharpe's Wharf Oil 6 years old. 

Nitrogen in Old Norwegian Oil - 

Dark brown viscous nauseous with high Acetyl value. 

Kjeldahl Method. 

Basin -I- Oil 34.2060 grins. 

Basin only 

Amount taken 

31.9300 " 

2.2600 

(81) 

Procedure as before, ammonia collected in 

100ccs. of N H SO 0.49 grms of H SO 
-10 2 4 2 4 

N 
10 KOH (1) required 2.45 ccs. 

(II)required 2.45 ccs 

2.45 in 25ccs. or 98.0 in 1000 

(0.0049 + 98) _ .4802. 

.4900 -.4802 . .0098 acid required toneutralise the NH e- 
3 

volved. 

.0098 2 _.0028 N in 2.2600 
7 

.0028 x 100 _0.1238% N in 

this oil. 
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It will be observed that the sample of Bark oil nauseous 

Norwegian oil contained 0.1238 %N. and the Old Light coloured 

oil contained 0.127% N. being practically equal amounts in both. 

The former was shown to have an acetyl value of 87.59 and the 

latter 16.11. 

It would appear therefore that the colour of the oil had, 

in these cases, no reference to the amount of Nitrogen con- 

tained in them. I have pointed out that the acetyl value 

of Cod Liver Oil obtained by Lewkowitsch'.s Iviethod is due to 

Cholesterol, probably part of the Nitrogen, and Hydroxy fats. 

The possible acetyl value obtainable from Cholesterol 

could not exceed 1.7 in as much as pure Cholesterol could only 

have an acetyl value of 131 and Cod Liver Oil does never con- 

tain more than 1.3% 131 x .013 1.7. 

Again in these particular samples of oil the Nitrogen 

was exceedingly large being ten times as much as that present 

in Scott's Oil, which was 0.013 %, and if all the Nitrogen 

present was in such a fora. as give an acetyl value i.e. as 

amines, amides or imines such would not exceed 5.08. 

This figure is worked out thus: 

A compound containing 1 gr. of Nitrogen which is in the 

form of NH would combine with one acetyl group, which would 
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56 
require IT gr. of KOH for hydrolysis, i.e. an acetyl value of 

4000. Now 1 grm. of t e sample of oil mentioned above contains 

0.00127 grins. of Nitrogen. This could not possibly give an 

acetyl value greater than 0.00127 x 4000 5.08. 

And since the bases isolated by Gautier are principally 

ter -tiary and thus give no acetyl value, the portion of acetyl 

value due to Nitrogen is probably very much less than 5.08. 

It follows therefore, if the Cholesterol could not account for 

more than 1.7 acetyl value and the Nitrogen an improbable yet 

theoretically possible 5.08 acetyl value that anyting above 

6.78 must be due to Hydroxy fats. 

The acetyl value of Cholesterol found in Tiedininal Cod 

Liver Oil would probably account for less than 1 and the acetyl 

value from Nitrogen compounds in oils containing .013 Cod Liver 

Oil could only be a proportionate amount of 0.5 acetyl value 

probably not .0005. 

I have not examined an oil with A, less acetyl value than 

16.11 which was a light oil, 6 years old, previously referred 

to and contained 0.127 %N., so that at least 10 out of this 

16.11 must be due to Hydroxy fats and probably over 15. 

The acetyl values obtained show that all .Cod Liver Oil 

contains Hydroxy fats and it is probable that this hydrolysis 

of the fat begins before riger mortis sets in, and no mode of 
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preparation of the oil, even in the presence of Carbonic Acid 

gas will prevent this conditicn being present, and I have shown 

in my experiment with Mol er's oil that no amount of oxidation 

from the air is sufficient to produce any marked increase of 

the hydroxy fats unless accompanied by the introduction of mi- 

cro- organisms e;. like the micro -organisms in sewage. 

There is sufficient evidence to show that the hydroxy 

fats present are of a non -toxic character although the rancidity 

due to them may produce flatulence and be a cause of non-tol- 

eration of the oil. 

And provided the oil is obtained from fresh liver toxic 

substances, such as those isolated by Gautier, could not be 

found. 

And there is no more reason for condemning an oil because 

these substances were obtained from putrid oil, than there would. 

be to condemn the eating of flesh -peat because ptomaines and 

toxins have been isolated from certain sausages or meat pies. 

With reasonable care in obtaining fresh. Liver in manufact- 

ure, and in the cleanliness of the barrels in which the oil 

may be stored, we have reason to believe that nothing better 

need be done. 

The detection therefore, of the variety of Substances 

which may be produced under conditions of putrificaticn is only 



called for in accidental circumstances. 

Such substances would never be introduced as a form of 

adulteration, as nothing but lo, would ensue to all concerned. 

Similar substances might be found in lard carelessly pre- 

pared, but we find that only such substances are used for adul- 

teration which will result in a profit to the mercha_rst eg. an 

undue amount of water with lard. With Cod Liver Oil, the 

usual adulteration is the introduction of cheaper oils of 

other varieties of fish or the seal, whale, etc., and the 

physical characters recorded are generally sufficient to 

detect these adulterations together with such simple tests as 

?itric and Sulphuric Acid, separately or combined. 

It cannot, however, be overlooked that any pharmaceutical 

preparation which assists in the toleration of the oil in the 

stomach, and prevents the flatulence which is probably due 

to the hydroxy -fats, will be of special value if it does not 

hinder the absorption of the oil. 
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Cod Liver Oil Emulsions 

1. Microscopic Appearances. 

2. Specific Gravity. 

3. Influence of Temperature. 

4. Viscosity. 

5. Colour. 

6. Taste and Smell. 

7. Percentage of Fat. 

8. Percentage of Nitrogen. 

9 Percentage Acidity. 
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1. The Microscopic Appearance of Emulsions vary and are 

a ready means of testing whether the emulsification is com- 

plete. 

1. Scott. Regular distribution of oil globules. 

Some few irregular patches. 

2. Spier's & Ponds. Not nearly so well distributed as No. 1. 

3. Anglers Globules very minute and evenly distributed. 
Petroleum 
Emulsion 

4. Mellin. Globules not so regularly distributed as No. 1 

yet well mixed. 

5. Emulsion 
from Blackburn. Emulsion separated. 

(1) Top layer white strikingly large circular 

globules and small globules. 

(2) Bottom layer, exceedi, :gly minute globules 

widely scattered. 

6. Emulsion 
from Crewe. (1) Elongated globules scattered on the 

field thich is mostly homogeneous in 

top layer. 

(2) Deep layer white; many varieties of 

globules, irregular field. 
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2. Density of Scott's Emulsion 

2. The determination of the demsity of an emulsion is 

not easy, as the majority of emulsions are of such a character 

as to prevent the determination being carried out with any 

degree of accuracy without a great loss of time. A determina- 

tion of the density of Scott's Emulsion gave the following 

result.- - 

Specific Gravit" 

Sprengel's Tube-I- Emulsion 82.0212 gyms. at 13.5° C. 

Sprengel's Tube only 51.2396 " 

Weight of Emulsion 303.716 

Sprengel's Tube --i- water 82.3788 

Sprengel's Tube only 51.2396 

31.1392 

30.7816 4-1000 0.988 specific gravity 
1.1 9` 

3. Some emulsions separate at ordinary teperatures. 

In one instance the top layer was white and the bottom yellow 

and in hnother vice versa. 

Scott's Emulsion exposed to a freezing mixture 32° F. for 
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three hours did not separate. 

Samples taken from one bottle of an Emulsion of Cod Liver 

Oil which had separated, gave 34 fat from one part of the 

bottle and 6O% of fat from another tart. 

T is analysis was made from one of the samples by a 

maker whose oil had separated and presented different microscop- 

ic appearances in upper and lower layers of the same bottle. 

4. Viscosity of Cod Liver Oil Emulsions. 

This cannot be guaged by Redwood's Viscometer, but well- 

prepared emulsions, such as Scott's, can be drawn through 

a capillary tube by the means of an air pup., bu : some emul- 

sions which are not evenly mixed and contain lumps, as some do, 

cannot be do drawn. 

Centrifugal machine. 

Many emulsions were submitted to rotation in centrifugal 

machines for 30 minutes, and only those which separated at 

ordinary temperatures were influenced by rotation. 

5. The colour varies from chalky white to different 

shades of yellow. 

6. The taste and smell varies according to the nature of 

the flavouring substances added and the fishy taste and small 

is more or less covered. 
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7. The determination of the amount of fat in the follow- 

emulsion was ascertained by, placing an exact weight -about 

3 gins. on a pad of Swedish Filter paper and placed in a Soxh.lel 

extractor. 

The extractor was filled in the neck of a 250 CC flask 

Ìhith had been previously dried with alcohol and ether and 

blowpipe, and weighed. 

To the top of the extractor was fitted an adaptor and re- 

flux condenser. - 

150 CCs. of ether which had been dried over Calciu Chlor- 

ide and Potassium carbonate, was poured into the above dry 

flask and made to boil on the water bath for several hours. 

The flask containing the ethereal extract was then attach 

to a condenser and the ether distilled off and flask and reside 

were heated for some to 8® C. and then cooled in 

a déssicator over cones' -t -ated , <<:huric Acid and weighed and 

from this weight was suhtr.ioted weight of flask which had 

sen previously ascertained the net a' i unt of fat in 

the weight 

was 

:.<glsi,n taken and from this the percentage 



ESTIMATION OF FAT IN 

(1) Scott's Emulsion 

Weight of Basin Emulsion 28.075 gyms. 

" " Basin only 24.568 

Weight taken 3.507 " 

Flask + Ethereal Extract 
Flask only 

Fat extracted 

1-730-1- 100 49.3% Fat 

51.824 `rms. 

50.094 

1.730 

" 

(91) 

(2) Boots' Emulsion 

Basin -1- Emulsion 

Basin only 

Weight taken 

Flask -{- fat 

Weight of fat 

1.4645 x 100 

3.086 
47.45% Fat 

27.652 gyms. 

24.566 " 

3.086 It 

51.5615 grms 
50.0970 " 

1.4645 



3. Mellin's Emulsion 

Basin + fat 

Basin only 

Weight taken 

Flask+ fat 

Flask only 

Fat extracted 

1.870 x 100 

4.8 

38.96 fat 

29.366 grammes 

24.566 " 

.3 

51.968 

50.098 " 

1.870 " 

4. Spiers & Ponds Egg Emulsion 

Basin -f-- Emulsion 

Basin only 

Weight taken 

Flask 4-fat 

Flask only 

Weight of fat 

'.780 x 100 
20.72% fat 

3.765 

,28 , 331 grms. 

24.566 " 

3.765 grms 

50.877 

50.097 

.780 

(92) 
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Emulsions 

Percentage of Fats. 

Scott 49.3% 

Boots 47.4 

hellin 38.96 

Spiers & Ponds Egg Emulsions 20.72% 

Egg contains 20.3% Fat (Gobley) 

(8) The determination of the agnount of Nitrogen present in 

Scott's Emulsion was ascertained by the Kjeldahl method which 

process was adopted in the estimations of Nitrogen in food 

and is there described. 

Nitrogen in Scott's Em:lsion 

Weight Bottle + Emulsion 

Bottle only 

Weight taken 

93.2100 -;rms. 

87.7320 " 

100 CCs. N H SO .490 grs. H SO 1 2 4 2 4 

Burette N KOH 
10 

5.4 &18 

Readings.' 
27.05 
24.6 

29.55 
27.05 

32.05 
29.55 

average 2.48 2.45 2.50 2.50 



2.48 in 25 CCs or 99.2 in 1000 CCs 

.0049 -1- 99.2 =, .48608 

0.490- 0.48608 _.00392 

.00392 x 2 -.00112 in 5.478 grins 

.00112 x 100 

5.478 

.02040 Nitrogen in 

Scott's Emulsion 
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9. The acidity of the emulsion can be determined exactly 

as described previously in the case of the oils. It is not 

necessary that an absolutely clear alcoholic solution should 

be obtained. The acidity e.g. of Scott's Emulsion is very 

slight, but is greater than that of the oil itself. This 

is probably to be explained by the presence of acid salts of 

calcium or sodium. 

Scott's Emulsion 

Percentage Acidity 

Weight taken 43.8284 grms, at 100`' C. 

2.4 CCs. of KHO not required to neutralise 

.CC .141 Oleic Acid. 

.141 x2.4 x 100 
0.77% acidity of 

43.82n- 

Emulsion, as compared with 0.44% acidity of the oil in the 
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Emulsion; 

The hypophosphites of Calcium and Sodium will account for 

some of this acidity. 

Morrhuol. 

(Chapoteaut) . 

This substance contains over 3 per cent of nitrogen. 

.2224 grammes gave 6.1 CC of moist nitrogen at 16° C. and 788 

m.m. pressure F 3.1% N. Dumas' method. 
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Hydrolysis of Fats. 

Olein -- pure 

Stearin- -pure 

Scottk Cod Liver Oil - 

Scott's Cod Liver Oil Emulsion. 

Bynol 

were not saponified by excess of Na Co l% solution at 
2 3 

1st. 3 days ordinary Temperature 

2nd 112 hours blood heat 37° C. 

A weighed quantity of each of the above was placed it beakers 

of 500 CC capacity and filled up with 10 sol tion of Na Co to 
2 3 

450 CC. mark, the beakers being graduatêd, and in order to take 

the rate of Hydrolysis 25 CCs of solution shaken for a minute 

were titrated with N H SO 
10 2 4 

(decinormal sulphuric acid solution) 

The following were the results. 

Methyl orange was used as Indicator. 

Saturday Wednesday 
Olein 1 gram. 45-.7 45.7 

Stearin 1 gram. 45.9 45.9 

Scott's C.L.O. 1 gram 46.6 46.6 

Scott's Emulsion 3 grams 46.5 46.5 

Bynol 6.9 gram. 46.8 46.8 
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There being no change, there is no rate to record. 

Feeding Experiments 

The following feeding experiments were conducted with a 

view of ascertaining the amount of Cod Liver Oil absorbed in the 

process of digestion, also the influence of Cod Liver Oil in 

Metabolism and how far Cod Liver Oil was influenced by Phar- 

maceutical preparations like Scott's Emulsion, and also to 

ascertain if Petroleum such as is contained in Angier's Emulsion 

was absorbed. 

The subject cf the experiment was a man of sallow appear- 

ance weighing 125 lbs. in the nude state, of temperate habits 

and whose occupation, being that of a caretaker in a Public 

Institution, was of a sedentary character with indoor duties. 

The food was collected in the following manner. 

The subject was permitted to eat as usual according to 

the desires of his own appetite, and in that way he was not 

influenced by any objection to a specified or restricted diet. 

The supply of food and drink was arranged so that he might 

place in a vessel the exact counterpart of that which he con- 

sumed, for example, a pint of milk being supplied, half a pint 

was consumed, and the other half pint was placed in the vessel 
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and so with meat, potatoes and all foods both the portion 

consumed and the portion placed in the vessel being weighed 

to balance. 

In this manner was ascertained as nearly as practicable 

the food consumed. The food hEving been collected for 3 days 

it was dried on a water bath in a large fume chamber and fre- 

quently stirred, the process occupying about a week. During 

this dryin; process the food was passed through a mincing ma- 

chine which facilitated further drying. When thoroughly 

dried it was powdered in a mortar and thoroughly mixed and 

sampled. The samples were analysed for fat and Nitrogen, 

for example. 

Fat Extraction 

The fat extraction was determined in exactly the same 

manner a:: in the case of the fat extracticn from the faeces 

described later. 

No.l. Ordinary feeding experiment. 

1413.0 grms. of dry food taken in 
3 days. 

sleighing tube and food 

sleighing tube only 

23.153 grras . 

16.292 " 

Weight of food -taken 6.861 arms. 



Weight of Flask -f-- extracted fat 42.290 arms. 

Weight of c:iy 

Weight of fat ex-racted 

41.161 

1.12p 

If 

T?_erefcre, 6.861 grms. cf focd contained 1.129 of fat 

1.129 x 100 

6.861 
..,l6.45% of fat in food 

(99) 

The total amount of food taken being 1413.0 gras. therefore 

the total amount of fat ta=gen was 232.43 :firms. in 3 days. 

2. (Scott's EMulsion Experiment) 

1536 grams, of dry food taken 

Weight of Tube + food 

Weighing Tube o , 1y 

Weight of food taken 

Weighing flask -i- extracted fat 

Weight of flask only 

22.7795 grans. 

13.9920 

8.7875 

43.222 grins. 

41.568 o 

Weight of fat extracted 1.654 " 

Therefore 8.7875 grins. of food contain 1.654 grins of fat. 

1.654 x 100 
...18.82 of fat in the food 

8.7875 

heref re in 1536 grans, of food take 7 was 289.07 grins. 

of fat i o 3 days. 
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This is exclusive of the 100.9 grins. of fat which was 

contained in the 204.7 grins. of Scott's Cod Liver Oil mulsion 

No. 3. (Cod Liver Oil Emulsion) 

1448 grins. of dry food taken. 

Weight of Tube + food 

Weight of-tube o__ly 

Weight of food taken 

Weight of flask + extracted fat 

Weight cf flask only 

Weight of fat extracted 

23.2895 grins. 

13.1570 " 

10.1325 

43.5300 

41.3710 

2.1590 

Tl erefore 10.1325 grins. of food contained 2.1590 grins. of fat. 

2.1590 x 100 
21.30 of fat. 

10.1325 

As 1448 ,rrms. of dry food were consumed it contained 308.42 

grins. of fat for 3 days, this is exclusive of 100 .arms, of Cod 

Liver Oil taken. 

The Nitrogen in the food and faeces was determined by 

the same process known as the Kjeldahl method. 

From 1 to 2 grammes was weighed in a small round- bottomed 

flask to which was added concentrated sulphuric acid and a 

little metallic mercury. The flask was placed on a sand bath 
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inclined at an angle of 45 and heated carefully by placing 

a bunsen flame under the sand bath until all frothing ceased. 

Several grammes of K SO were added and the whole carefully 
2 4 

heated until quite colourless, which in some cases required 

several days. 

On becoming cold an excess of solid sodium thiosuiphate 

was added to decompose the -rercury aonium salt formed and the 

whole washed into an Erlenmeyer flasÿ, which was attached to 

a K.ëeldahl Ammonia Distillation apparatus. Methyl orange 

was added as Indicator and strong caustic soda ran in from a 

stoppered funnel until strongly alkaline. T _e flask was 

shielded from cold air and the ammonia formed distilled over 

into an excess of 1T H So solution known amount. 0 2 4 
The distillate containing the excess of N H So was made 

-TO" 2 4 

up to 1000 CCs. and an aliquot portion titrated back with N ROE 
lÓ 

and the amount cf ammonia formed from the original nitrogen 

estimated. 

No. 1. (Ordinary Diet 

Nitrogen in food. 

experiment). 

Weighing Tube 4-- food 8.3100 firms. 

Weighing Tube only 6.2825 " 

Weight of food taken 2.0275 



150 CCs. of N H SO used contained .7350 grms. 
10 2 4 

of H SO 
2 4 

N KOH burette reading in ti.trat :ing back the exce s of 

H SO - 3 readings: - 
2 4 

41.7 CCs 

39.1 " 

2.6 

44.5 CCs. 

.41.7 " 

2.8 

47.3 CCs. 

44.5 " 

2.8 

(102) 

2.8 CCs. KOH is required to neutralise the excess acid in 

25 CCs of the distillate which equals 112 CCs of N KOH 
10 

to neutralise the 1000 CCs. of distillate. 

112 CCs. of N KOH_- 10.00494. 112) _ .5488 grms. 
.17 

of H SO which amount deducted from 0.7350 grms. of H SO in 
2 4 2- 4 

the original 150 CCs. of H SO leaves 0.1862 grms. of H SO 
2 4 2 4 

neutralised by the ammonia formed from the original nitrogen 

in the simple of food. 

49 grins. of H SO equals 17 grammes of ammonia which contains 
2 4 

14 grammes of Nitrogen, therefore 14 /49ths or 2 /7ths.of 0.1862 

will represent the actual amount of nitrogen present in 2.0275 

grammes of food taken, therefore: 

0.1862 x 2 
in 2.0275 grins. of food 0.0532 grins. N. 

7 



0.0532 x 100 
_2.62% N. in food 

2.0275 

1413 x 2.82 

100 
3 days. 

(103) 

37.02 grammes of Nitrogen taken in food for 

No. 2. (Scott's Cod Liver Oil Emulsion) Experiment. 

Nitrogen in food 

Weighing Tube + food 

Weighing Tube only 

Weight of food taken 

17.9075 grins. 

16.2655 " 

1.6420 

150 CCs of N H SO used contain .7350 grins. H SO 
10 2 4 2 4 

N KOH burette readings- - 
10 

Two readings 

15.5 CCs 

12.6 " 

2.9 

18.4 CCs 

15.5 " 

2.9 

2.9 CCs of N KOH required to neutralise the excess of acid 
10 

in 25 CCs of distillate, which equals 118 CCs. of N KOH to 
175 

neutralise the 1000 CCs. of distillate 16 CCs. of N KOH 
10 

(0.0049 x 116) .5684 grins. of H SO which amount deducted 
2 4 
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from 0.7350 grammes of H SO in the original 150 of H SO 
2 4 2 4 

leaves 0.16666 grins. of sulphuric acid neutralised by the Am- 

monia formed from the original nitrogen in the sample of food. 

Therefore 0.16666 x 2 0.0476 grins of N. 

in 1 -642 grins. of sample 

0.04!16 x 100 ® 2.9% in food 
1 -642 

1536 x 2.9 44.54 grins, of `itrogen 

taken in 3 days food. 

The small amount of Nitrogen present in the Emulsion 

given, viz. .013 grams. during the 3 days is not included 

in the above figures. 

No. 3. (Cod Liver Oil Experiment) 

Weighing Tube food 

Weighing Tube only 

Weight of food taken 

Nitrogen in food. 

20.9745 grins. 

20.0725 " 

0.9020 " 

100 CCs of N H SO used contained .7350 grins. of H SO N KOH 
10 2 4 2 4 10 

Burette readings. 

36.15 CCs 38.2 CCs 

34.10 " 

2.05 
36.1 " 

2.1 
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2.1 CCs. is required to neutralise the excess acid i! 25 CCs 

of Distillate which equals 84'CCs. of N KOH to neutralise 
lÖ 

1000 CCs. of Distillate 

84 CCs. of N KOH (0.0049 x 84)_= .4116 grammes of H SO Ó 2 4 
which amount deducted from 0.49 of H SO in the original 100 

2 4 
CCs. of H SO leaves 0.0784 of H SO neutralised by the am onia 

2 4 2 4 
by 

formed from the original nitrogen in the sample of food. 

Therefore 0.0784 x 2 _0.0224 grins. of N. in 0.9020 grins 
/ï 

of sample. 0.0224+100 2.48% N. in food 
0.902 

1448 x 2.48 35.9104 grins. of N. 
100 

taken in 3 days food. 

The small amount of Nitrogen present in the Cod Liver 

Oil viz: .013 grins. distributed over 3 days is not included 

in the above figures. 

The faeces for three days were collected in an enamelled 

vessel and carefully dried on a water bath in a large fume 

chamber, the process occupying several days. The mixture was 

tl,en well powdered and mixed in a mortar. About 3 grins. were 

accurately weighed and transferred to a Swedish filter paper 

thimble made to fit a Soxhlet extractor, the thimble being 

wrapped at the top so that'no solids could be washed out. The 
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Soxhlet extractor was fitted in the neck of a 250 CC flask 

which had been -previously dried and bared. To the top of the 

extractor was fitted an adaptor and reflux condenser. 

150 CCs of ether, which had been dried over Calcium 

Chloride and Potassium Carbonate, was poured into the above 

dry flask and made to boil on a water bath for several hours. 

The flask containing the ethereal extract was then attached 

to a condenser and the ether distilled off and flask and residue 

were heated for some time at 50 to 60 C. and then cooled 

in a desiccator over concentrated Sulphuric Acid and weighed 

and from this weight was subtracted the weight of flask which 

had been previously ascertained, giving the net amount of fat 

in the weight of the faeces taken and from this the percentage 

weight was calculated for sample: - 

No. 1. Ordinary diet experiment. 

Weighing the Tube -f faeces 

Weighing Tube only 

Weight taken 

20.695 grms. 

17.701 " 

2.994 " 

Weight of flask extracted fat 41.433 grms. 

Weight of flask only 

Weight of extracted fat 

41. 103 " 

.330 

Therefore, 2.994 grins. of faeces contained 
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grins. of fat So 

.330 x 100 11.02 per cent fat. 
2.994 

The total amount of faeces being 112.5 grams, therefore the 

total amount of fat was 12.397 grams. 

(Scott's Emulsion Experiment) 

Weighing Tube faeces 20.994 grs. 

Weighing Tube only 15.056 " 

Weight of faeces taken 5.938 

Weight of Flask extracted fat 42.205 grs. 

Weight of flask only 41.362 grs. 

Weight of extracted fat 0.843 

Therefore 5.938 grammes of faeces contained 0.843 of fat So 

0.843 x 100 14.19 per cent of fat in faeces 
5.938 

The total amount of faeces being 99 grins., therefore the total 

amount of fat in the faeces was 14.04 grins. 

No. 3 (Cod Liver Oil Experiment) 

Weighing Tube 4- faeces 

Weighing Tube only 

Weight of faeces taken 

8.783 grins. 

5.270 " 

3.513 " 



Weight of flak -next racted fat 

Weight of flask only 

Weight of extracted fat 

41.793 

41.333 

0,460 

(108) 

Therefore 3.513 grins . of faeces contained 0.460 grins of fat so 

0.460 x 100 13.09% of fat in faeces. 
3.513 

The total amount of faeces being 102 grins., therefore the 

total amount of fat in the faeces was 13.35 grins. 

Nitrogen in faeces. 

Ordinary Feeding Experiment 
No. 1 

Weighing Tube+ faeces 11.7575 grins. 

Weighing Tube only 10.6930 " 

Weight of faeces taken 1.0645 " 

Note 150 CCs. of N H SO .7350 
10 2 4 

N KOH Burette readings. 
IÖ 
34.3 CCs. 36.6 CCs 38.9CCs 

32.1 " 34.3 " 36.6 " 

2.2 2.3 2.3 

2.3 CCs in 25 CCs or 92.0 in 1000 CCs. 

92 N KOH (0.0049 x 92) 0.4508 arms. 



0.7350 -04508 _ .2842 

0.2842 x 2 0.0812 gyms. in 1 -0645 grins 

of faeces or 7.62% 

112.5 x 7.62 8.57 grins. of fat in 
100 

the total faeces for 3 days. 

Nitrogen in faeces 

Scott's Cod Liver Oil Emulsion Experiment. 

No. 2. 

Weighing Tube + faeces 

Weighing Tube only 

Weight of faeces taken 

7.4425 

6.3675 

1.0750 

Took 150 CCs. of N H SO = .7350 grins. 
17- 2 4 

N KOH Burette readings 4 readings 
10 
21.0 CCs 23.5 CCs 26.0 CCs. 

18.7 " 

2.3 
21.0 " 

2.5 
23.5 " 

2.5 

2.5 CCs in 25 CCs or 100 in 1000 CCs. 

100 N KOH (0.0049 x 100) , 0.49 

28.5 CCs 

26.0 " 

2.5 

(109) 



0.7350 -0.49 ®. 0.2450 

0.2450 x 2 0.07 in 1 -075 greis. of faeces 
7 

or 6.51% N. which 6.449 grins. of total fat 

in the 99 grins of faeces obtained in 3 days. 

Nitro en in faeces 

Cod Liver Oil Experiment 

No. 3. 

V?eighing Tube faeces 

Weighing Tube only 

Weight of faeces taken 

150 CCs. of N H SO taken 

6.8920 

5.2695 

1.5225 

.735 
, rms. of H SO 

(110) 

rd 2 4 2 4 

N KOH Burette readings 
10 
30.2 CCs 

28.5 " 

1.7 

31.9 CCs 

30.2 " 

1.7 

1.7 in 25 CCs or 68 in 1000 CCs. 

68 N KOH - (0.0049 x 68)= .33°2 
10 

0.735-0.3332 0.4018' 

0.4018 x 2 1.5225 in 1.5225 or 
7 

7.54% of Nitrogen in faeces which gives 

7.69 grammes of Nitrogen in the total 102 grins. of faeces 



obtained in the 3 days. 

The urine was collected in an enamelled vessel for 3 days 

into which had been placed some Hydrochloride acid in excess 

to prevent loss of ammonia and evaporated down in water bath. 

No. 1. 618.4 CCs of Urine 

5 CCs. in flask + H 0 and excess of alkaline permanganate 
2 

and distill the resulting ammonia into 150 CCs. of N H SO 
T:b 2 4 

adding a little Methyl orange to the acid to indicate the 

acidity. Made up the distillate to 1000 CCs. and titrated 

in 25 CCs. the excess of acid with N KOH using phenol Phthalein 
10 

as indicator. 

Burette readings N KOH 1.1 CCs 2.2. 
lU 0.0 1.1 

1.1. CCs 1.1.CCs 

therefore.44.0 CCs are required to neutralise the excess acid 

in the 1000 CCs. of distillate. 

The original 150 CCs. of N H SO x-.735 grms. of H SO 
T5 2 4 2 4 

Deduct (.0049 x 44)=0.2156 grins of acid in excess so that 

0.735 - 0.2156 ,. 0.5194 grms. of H SO =to ammonia evolved. 
2 4 

49 grins. of H SO is equivalent to 17 grams, of NH which 
2 4 3 

contains 14 grams of Nitrogen, so 
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14 /49ths or 2 /7ths of 0.5194 0.1484 grins. of N. in 5 CCs. 

or 0.02968 grms. of N. in 1 CC or 0.02968 x 618.4 18.354. 

No. 2 (Scott's Emulsion Experiment) 

(Nitrogen in Urine) 

Urine evaporated and _nade up to 600 CCs. Determjnations 

as in No. 1. 5 CCs. used. Distillate made up to 1000 

25 CCs titrated with N KOH 
TU 

Burette readings 5.8 CCs 8.9 CCs 
4.4 " 7.5 CCs 
1 -4 " 1.4 " 

1.4 40 56 CCs. to neutralise distillate. 

The original 150 CCs of N HOSO contains 0.735 grams. of H SO 
-ra 24 4 2 4 

deduct (.0049 x 56) 0.2744 which leaves 0.4606 acid neutral- 

ised by ammonia evolved 0.4606 x 2 0.1316 in 5 CCs or 
7 

0.1316 x 600 15.792 grins. of Nitrogen. 
5 

No. 3. (Cod Liver Oil Experiment) 

Nitrogen in Urine. 

Urine evaporated to 2400 CCs 20 CCs. taken and distilled 

as in No. 1. into 150 00s. of 7-.H SO and made up to 1000 CCs. 
Tb. 2 4 
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Titrated 25 CCs. with N KOH 
10 

Burette readings 

11.0 
9.5 

12.5 
11. 

1 -5 1.5 

1.5 x 40 60 CCs. in 1000 

The original 150 CCs.= 0.735 grins. of H SO 
2 4 

Deduct (.0049 x 60) = 0.294 leaving 

0.441 acid neutralised. 

0.441 x 2 i .126 in '0 CCs. 

.126 x 2400 15.12 grms.of Nitrogen 
20 

FEEDING EXPERIIVNTS. 

Total amount for 3 days. 

1 2 3 

1413.0 grins 01536 grins >41448 grins 

Food 16.45% Fat o 18.82% Fat A 21.30% Fat 

2.62% N - 2.9% N. 2.48% N. 



1 

112.5 grins 

Faeces 11.02 ó Fat 

7.62% N. 

2 

99 grins 

14.14 Fat 

6.51 N. 

(114) 

3 

102 grins 

13.09 Fat 

7.54% N. 

Urine 18.354 grins. N. 15.792 grins. N. 15.12 grins. N. 

O Without Cod Liver Oil mulsion 

-),;Without Cod Liver Oil 

FAT IN FOOD AND FAECES. 

204.7 grins. 

100.9 grins. 

No. 1 is ordinary diet. 

No. 2 Diet is supplemented by 204 grins, of Scott's Emulsion 

in which is 100.9 grins of COD LIVER OIL. 

No. 3 Diet is supplemented by 100.9 grins. of COD LIVER OIL 

being the same oil as is contained in the Emulsion. 
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No. 1 No. 2 No. 3 

Fat in food 232.438 grins. 389.975 409.32 

Faeces 12.397 14.048 13.35 

If you exclude from the calculations 

in No. 2 and 3 the 100.9 grins. 

of oil taken 4.84% 4.31% 

Percentage diminution of 

undigested Fat of total co sumed 1.71% 2.07% 

Assuming the digestion of the 

total amount of oil the remain- 

ing fats are diminished in the 

faeces. 

.49% 1.02% cr 

23.6% or 

10.1% 

The results of the analysis were worked out for a "Per 

Diem Chart ". 

No. 1 is ordinary diet i.e., contained no Cod Liver Oil or Emul- 

sion. 

No. 2 To this weighed diet 204.7 grins. of Scott's Emulsion (in 

which was contained 100.9 firms. of Cod Liver Oil) was 

administered to the consumer during the 3 days or one - 

third that amount per diem. 
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No. 3. To this weighed diet, 100.9 grins. of Cod Liver Oil 

was administered to the consumer during the 3 days 

or one third that mount per diem. 

FAT IT FOOD AND FAECES, Per diem. 

Food 

No. 1 No. 2 No. 3 

77.470 grams 

Faeces 4.13 grams 

Percentages 5.33 

Ignore the 33.6 grins 

of Fat in Emulsion 
given 
Percentage in favour 

129.991 grams 

4.68 Grams 

3.62% 

4.84 
dif. from No 

.49g 
1.71% less 

No. 1 

136.44 grams 

4.45 grams 

3.26% 

4.31% 
.1 dif.from Nol 

1.92 
than 2.07% less 

than No. 1 

Per Diem 

No.1 No. 2 No.3 

Food N. 

Urine N. 

Faeces N. 

12.34 grins 

6.118 " 

2.85 " 

14.84 grins 
0 .04 

5.264 " 

2.149 " 

11.97 grins 
m .013 
5.04 " 

2.56 " 
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Urine Percentages 
eliminated 

50.14 35.48 42.1 

Faeces 23.14 14.47 21.38 

Total 73.28 4.95 63.48 

Patient's weight 125 lbs 
';Amount of N. in oil or emulsion 

FEE1)ING EXPERIIIT2T^1 

Angier's Petroleum Emulsion 

No. 4. 204.7 grms. of this emulsion was taken during 3 days 

and the faeces collected during the 2nd, 3rd and 4th days. The 

diet was not sampled but contained no petroleum other than that 

administered in the above emulsion. 

The total weight of faeces collected when dried as far 

as possible was 149 guns. 

An ethereal extract was made of the Petroleum Emulsion 

which was heated with Na Oh to saponify the fat which was 

washed off and the unsaponified extract was estimated and found 

to be 28.69 by weight of the original emuls ±on. 

The same process was adopted to determine the amount of 

Petroleum in the faeces which was found to contain 37.19% 
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of Petroleum. 58.728 grms. of Petroleum was taken in the emul- 

sion and 55.413 were extracted from the stools or 94.3% of 

the petroleum taken was afterwards recovered from the stools. 

Angierfs Emulsion. 

(Estimation of Petroleum) 

Basin + Emulsion 

Basin only 

Weight taken 

63.064 grms. 

37.269 " 

25.795 grms. 

Further saponified, passed in .CO extracted with ether, 
2 

separated, well washed with water, dried, distilled off 

the ether and weighed. 

Flask Ethereal Extract 

Flask only 

Weight of petroleum 

7.4025 x 100 =28.69% 

204.7 x 28.69 58.727 grms of 
100 

petroleum administered. 

59.5985 grms. 

52.1960 grins 

7.4025 " 



Estimation of Petroleum in Faeces 

Angier's Petroleum Emulsion Experiment. 

No. 4. 

Tube 4- faeces 

Tube only 

Weight taken 

Flask +. petroleum 

Flask only 

Petroleum 

7.884 grammes of faeces 

2.9325 x 100 
7.864 

149 =fi 37.19 
100 

55.413 x 100 
--5"8-7770 

24.1725 grammes 

16.2885 " 

7.884 

55.1280 

52.1955 

2.9325 from 

37.19% 

55.413 grms. excreted. 

94.4% of petroleum 
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excreted. 

The food did not contain more than the merest traces 

of unsaponifiable matter which was soluble in ether. 


