
FIECAL FAT ANALYSES IN CHILDREN.
BY

G. A. HARRISON, B.A., M.D.,

Chemical Pathologist, St. Bartholomew's Hospital,

AND

W. P. H. SHELDON, M.D., M.R.C.P.,

Medical Registrar, Hospital for Sick Children, Great Ormond Street.
(From the Hospital for Sick Children, Great Ormond Street, London.)

In a children's hospital the chemical pathologist is often asked to estimate
the fat content of faces. There are several points of importance both in the
making of such analvses and in their interpretation. The object of this paper
is to collect these points from the literature, and, in illustration of certain
of them, to report a nulmber of recent analyses made at the Hospital for Sick
Children.

TECHNICAL CONSIDERATIONS.

The term 'fat' in this connection is loosely applied. An estimation of
'total fat' includes all substances -soluble in cther, together with the fatty acids
liberated from soaps by acid. The substances soluble in ether include neutral
fat (the triglycerides of oleic. palmitic, and stearic acids), free fatty acids
(oleic, palmitic, and stearic), sterols, pigments, and minute amounts of other
substances that need not be considered. Split fat ' includes preformed fatty
acids and fatty acids liberated from soaps. 'Unsplit fat ' includes neutral
fats, sterols, pigments, etc., and is calculated from the difference between the
total and the split fat. It will therefore include any liquid paraffin or other
neutral oii) matter which may travel through into the faeces after oral adminis-
tration. It is essential that liquid paraffin be avoided for 3 or 4 days before
the collection of the faces for fat analysis.

Analyses may be made oIn the moist fresh faeces (9, 10 12, and 4), or on
the dried freces (1,. 77. and "'). In the former case the ratio of the wet
weight to the dry weight must be determined separately, so that the results
may be expressed in terms of the dry weight. It would be useless to express
the results in terms of the moist fresh faeces owing to the great variation'in
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FIACAL FAT ANALYSES IN C1II.I) 339

water content (diarrhcea, etc.). Each method has its protagonists, but the
majority of workers prefer to dry the fices.

For rouitine clinical work the metho(d of Holt, Courtney, and Fales (7)
is recommended. For special investigations extraction in a Soxhlet apparatus
is advised. The soaps should be hydrolysed with a ueous hydrochloric acid,
and the resultant mixture, after digestion and concentration, shouild be taken
tip with anhydrous sodium sulphate or plaster of Paris (see below). For details
of the different methods available the reader is referred to the references given
above. A few special points otily will be noted here. In clinical work it is
a common practice to heat the faeces on a boiling water-bath until it is possible
to reduce them to a powder. This takes from a few hours to one or two days.
This powder is of course not strictly dry. It is necessary to place it in a
desiccator for several days to take it to constan-t weight. This desiccation
is frequently omitted because the clinician cannot afford to wait so long for
the analvsis. An error of 3 to 10 per cent. is thereby introduiced (5),

Hydrolysis of the soaps with acid must not be performed in the presence
of alcohol if the fatty acids are suibsequently to be determined by titration with
alkali, because esterification may occuir and introduce a serious error (5, and 4).
Trhe soaps may be hydrolyseJl with an aqueous solutioni of acid as in the method
of Holt, Courtney, and Fales (7). Cammidge's method in whieh hydrolysis
by aqueous acid is also employed has been shown to be inaccurate (" and 4

owing to incomplete extraction. Alternativelv the following procedure may
be adopted. A known weight of the dried faeces is extracted with ether in a
Soxhlet apparatus. The ether removes the neutral fat and the preformed
fatty acids. The ether is removed, the weight of the ether extract is determined,
and the free fatty acids are titrated in the uisual way. The residue in the
Soxhlet thimble contains the soaps. This residue is heated with acid alcohol
(1 per cent. hydrochloric acid in absolute alcohol), dried thoroughly, replaced
in the thimble, and again extracted in the Soxhlet apparatus with ether.
The resulting ether extract (after removal of the ether) is weighed; owing to
the esterification, it must not be titrate(l. The acid liberates fatty acids
from the soaps. Some of the fatty acid combines with alcohol to yield ethyl
esters. The degree of esterification depends mainly on the duration of the
heating. What is weighed is a mixture of free fatty acids and their ethyl
esters. The maximum error which could be introduced by substitution of the
ethyl group for hydrogen is of the order of +10 per cent. This for most
clinical purposes may be neglected. In fact the omission of proper desiccation
after drying on the water-bath (see above), and the esterification, introduce
errors opposite in sign which tend to balance one another approximately. -

If aqueous acid is used for hydrolysis of the soaps, the resulting mixture
cannot then be taken to dryness (and extracted with ether), because a dark
tarry mass results which is difficult or impossible to remove from the dish.
Moreover the ether-extract from such a mass is so pigmented that it is impossible
to titrate it. But after digestion with the aqueous acid, the mixture may be

i 2
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ARCHIVES OF DISEASE IN CHILDHOOD

taken up with anhydrous sodium sulphate or plaster of Paris, and the resulting
powder extracted with ether in a Soxhlet apparatus.

When calculating the split fat from the titration of the fatty acids with
alkali, the factor " 1 c.c. N/10 alkali corresponds to 0-0268 grm. fatty acid " is
recommended (5).

INTERPRETATION OF RESULTS.

Analyses of dried stools merely indicate the percentages of fat present
in those stools. Without a knowledge of the exact intake and output of fat,
it is impossible to decide how much of the food-fat has been digested and
absorbed. Certain deductions, however, can be made; thus when, on an
ordinary diet, the percentage of total fat in the foeces is much higher than
normal, it is clear that either digestion or absorption or both must have been
deficient. In these cases the ratio of split to unsplit fat shows whether digestion
or absorption is mainly at fault.

The Normal Findings.
The first point for discussion is what is the normal. Table I is compiled

from the extensive data of Holt, Courtney, and Fales (7).

TABLE I.

DIFFERENTIAL ESTIMATION OF FAT IN FAECES OF NORMAL INFANTS AND CHILDREN.
(HOLT, COURTNEY AND FALEq.)

D)iet.

Breast milk ..

Cow's milk
modifications

Milk; or milk,
bread and cereal.

Mixed

Total Fat.

Percentaae of
Dried Faeces.

M--a ftll; A s-

61-1

82.6t

45-2

39.1§

4-4

10*2

17-7

34-5

34 1

30-7

8.7 18-7

Percentage of Fecal Fat.
No. I-_
of

analy- Split. Unsj)i
ses.

Max. Min. Av. Max. Min.

44 9241 51-7

941 97-1 22-7

10 95-1 69-1

62 89-1 44-0

79-8 48-.3*

87-9 77-3+

7-9

29-9

__ No.

of

it. analv-
__ ses.

Av.

24)-2 44

12l1 .)7

73-1 5.6-0!1 10-9 i26-9 62

1 ~~~~I
* Next highest 33-2.
t Next highest 56-7.
+ Next highest 55.1 and 31-7.

§ Next highest 33-7.

II Onlv 9 exceed 34-0.

Age.

8 davs
-10 mths.

2-18
mths.

16 mths.
-10 vrs.

1-7r
yrsa

-1 ..I--

I. _- II 1 1- 1- 1---

~~~~~~~~~~~~~~lI~~~~~~~~~~~~~~~~~.ll~ __
----I -- 1-

-1~~~~~~~~~~ I .1IIl1~ ~ D1 --
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a I X! -A.

iviax. iviin. Av.

86.0 30.9 4-9 14-0 10

I II
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FAECAL FAT ANALYSES IN CHILDlREN 341

It will be seen that the normal varies with age and the type of diet. In
infants the total fat not uncommonly amounts to 50 per cent. of the dried
faeces. After infancy it rarely exceeds one-third.

Of the fiecal fat the percentage which is unsplit rarely exceeds one-third
both in infants and children. When interpreting results in pathological work
the following generalisation is therefore justified -Of the dried fteces not more
than one-third should be fat, and of that (fcecal) fat not more than one-third should
be unsplit, remembering that in infants even one-half of the dried fcces may be
fat. Some investigators would substitute a ' quarter ' for a ' third ' in the
above generalisation.

In clinical work there is little or no useful information to be gained from
separate estimations of free fatty acids and soaps. The ratio of free to com-
bined fatty acids (soaps) depends largely on the reaction of the intestinal
contents. The ratio of unsplit to split (i.e., free fatty acids plus soaps) fat is
the important point, because it indicates the efficiency of fat digestion, whilst
the total fat gives a measure of the efficiency of absorption.

As already mentioned the term ' unsplit fat' includes neutral fats
(triglycerides), sterols, pigments, and miiinute amounts of other substances
-which need not be considered. The weight of the pigments is so small that it
can be disregarded. In 12 normal adults Fowweather (4) obtained the following
results for the unsaponifiable matter (which consists mainly of sterols):
0 64 to 3-88 per cent. of the dried fweces, or 7-8 to 33-3 per cent. of the unsplit
fat. For most clinical purposes therefore the quantity of sterols need not be
(letermined.

In all the above analyses what has beeii determined is the percentage
composition, the concentration of the fats, in the sample of feces analysed.
It is important to bear this in mind when interpreting results, otherwise mis-
leading dedluctions may oc -asionally be made. The position is somewhat
similar to the consideration of sugar analyses in urine. The sugar percentage,
for instance, might rise and yet at the same time the day's output might fall
owing to the occuirrence of oliguria. In the same way the concentration of
ftecal fat might appear slightly high, and yet the day's output be low, owing
to the total daily weight of dried fweces being low.

Another similar point arises in connection with the percentage of the
foecal fat which is split or unsplit respectively. The following is typical of
cases on low fat diets with normal digestion and fat absorption:

(a) Expressed as percentage of dried fweces.
(i) (ii)

Split fat ... ... ... ... 64 6-26
Unsplit fat ... ... ... ... 3.9 3.44

l fa... ... ... 10-3 9 70Total fat
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ARCHIVIES OF DISEASE IN CHILDHOOD

(b) Expressed as percentage of the fsecal fat

(i) (i1)
Split ... ... ... ... ... 621 64*5
Unsplit ... ... ... ... 37.9 35,5

The figures in (a) are obviously normal, but in (b), at first sight, the unsplit
fat might appear slightly raised. The figures in (b) must, however, be inter-
preted in the light of the results in (a). When the fat in the diet is low the
split fat tends to be almost completely absorbed. The unsplit fat, however,
corresponds more or less to ' starvation' frecal fat (6, 2). The exact signifi-
cance of the latter is not entirely settled, but for our present purposes it may
be regarded as fatty matter (including sterols) which has either been excreted
into the large intestine, or has been formed by the degeneration of epithelial
cells, or has been derived from the bodies of bacteria, etc. In other words a
proportion of the unsplit fat is not a residue of the food taken in the diet.
When the fat intake is very small this non-food fatty residue may form a high
percentage of the faecal fat.

Pathological Findings.

Faecal fat percentages give a rough indication of the efficiency of the
digestion and absorption of fat. By themselves such estimations are seldom,
if ever, pathognomonic of any one disease.

Table 11 for instance has been compiled from results obtained at the
Hospital for Sick Children, for the most part in cases originally suspected of
having cemliac disease.- All determinations were made by the method of Holt,
Couirtmey, and Fales (7). The cases have been classified into groups according
to the final diagnosis made in each instance.

C(eliac Disease.-It will be seen at once that there are no figures peculiar
to, or pathognomonic of, cceliac disease. In this disease, when untreated, the
rule is to find the total fat percentage abnormally high, but the splitting
normal. C(onversely, such a chemical finding is a point in favour of c0eliac
disease if the clinical evidence points to that diagnosis, but the chemical
analyLis must always be viewed as an extension of the clinical examination.
On the other hand, if, in an untreated patient, the total ftecal fat is within
niormal limits, it is most unlikely that the case is one of cceliac disease. (For
a fuller discussion of this condition, the reader is referred to the papers of
Miller et al. (11) ).

Other abnormal conditions.-The findings of Holt, Courtney, and Fales (7)
in various abnormal conditions are summarized in Table III, since they include
disorders of which there is no example in Table II, and also illustrate the point
that various conditions may give rise to stools with a fat content similar to
that in typical coeiac disease.

.312
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F2ECAl, FAT ANALYSES IN CHIL,1)RETEN

TABLE T].

FEGCAL ANALYSES AT THE HOPITAL FOR 8SCK

Diagnosis.

Coeliac disease

,.

Case.

C.A.

E.R.

-v ",, ;E.B.

,,p M.B.

,1, A.M.

Sex & Age
(years). 'I

M.

F.

F.

F.

F.

,,91 O.W. F.

VP A.G. M.

.
91. B.C. F.

,,9 B.W. M.

,, A.R. F.

Genu valgum. P.M. M.
Old coeliac case.

Pancreatic F.W. M.
infantilism.

Chronic C.H. M.
!- 1 ! ---A.:

3I
3 2J
3

4

14

2

1 2

I 11

1 2

Perceintage of
dried fnces

as
1'otal Split U'ii-
fat. fat. split

fat.

58-95 52-05

52 85 .34 80

50 75 43 ;65

41-17 37-36

3(6*55

47 60

44-9

31 85

39.95

33-1

Percentage
of frecal fat
whieh is

UIi-

Split. split.

6-90 88-3

18 05 65;8

8(1o 0

:-81- I 75

4-70 87-1

7(65 83:1)

118 73.7

43-8 36-8 7 () X817

420(0 35-851 6.15l 85I4

41 2

41 2

39,.9

33-40

34-4

25 7

299-9

!25-05

6.8 83.5

15r) 6,)62:4

10 0 74.9

8-35 75 0

11-7

34 2

14-0

9&25

12 9

161

26-3

17 3

146

CHILDREN.

IRelmarks.

After 1 monith's treat-
ment.
Serum Ca. 8-3 mgm.

I week later.

Serum Ca. 11 mgm.

Serum Ca. 11-5 mgm.
Bld Chlolesterol:
141 mgm.

Se,rum Ca. 11-5 mgm.
BIJ Cholesterol: 137
mgm.

.16-5

37 4i

25-1

25-0

7 50 6 3938 10 8 7(;6 21 4 Blood sugar: 440
r ~~~mgfm.

48.20 35-55 12 65 74 0 2(60 After I month's treat
ment.

4i 53 76 44-12 ')64 82-05 17 93

14-8 12 days later.

16;-0
42-0

1 21-1

37-9

13-5 Serum Ca. 11-9 mgm.

B. Cholest. 117 mgm.
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ARCHIVES OF DISEASE 1N CHILDHOOD

TABLE II-continued.
FECAL ANALYSES AT THE HOSPITAL FOR SICK CHILDREN-continued.

Percentage of Percentage
dried faeces of facal fat

-Diagnosis. Case. Sex & Age as which is Remarks.
(years). Total Split Un- Un-

fat. fat. split Split. split.
fat.

~I ,,

Gastro- S.J. M. i 60-8 53-5
enteritis.

J.D. M. i 55-20 49-54

W.D. M. 5/12 27-5 17-5

Tetany (gastric) J.C. F. 2k 47X7 42-0

Tuberculous C.B. M. 1I- 61-65 51-60
peritonitis
and meningeal
tuberculomata

Tuberculosis of T.H. M.
caecum.

Abdominal H.H. F.
tuberculosis.

Mediastinal J.B. F.
tuberculosis

Marasmus. J.R. M.

Chronic W.K. M.
tonsillitis:
malnutrition.

Debility. E.S.

Acetonaemia. R.M.

Congenital heart L.L.
disease and
broncho-
pneumonia.

F.

M.

M.

F.

6 51-21 34-76

5 47-4 21-9

18-8 16-9

7/12 29-65 13-95

1 22-1 15-4

4i 8-29 6-03

8 24-4 22 2

17/121 30-45 25-68

11 34-1 27 05

6 9-8 6-85

7-3 88-0 12-0

5-66 89-7 10-3

10-0 63-7 36-3

5.7 88-1 11 9

10-05 83-7 16-3 Autopsy.

I'
16-45

25-5

1-9

15-70

6-7

2-26

2-2

4-77

7 05

2-95

67-9 3241 Operationi.

46-2 53.8

89-9 10-1 After 3 weeks on fat-
free diet.

43-7 56X3

69-7 30-3

72-7 27-3

91 0 9.0

83-4 16 6

79.3 20-7

1 - I -
169-9 30-1

It will be seen (Table III) that diarrhcea alone in some cases may cause

deficient splitting and deficient absorption of fats. Even normal children
when passing abnormal stools (Table III) may show a high proportion of unsplit
fat, though it should be noted that in no case is the total fat definitely abnormal.
In the majority of cases of rickets (Table III) the anaylses lie within normal

Multiple tics. I?1?
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ARCHIVES OF DISEASE IN CHILDHOO1

limits. In many of the cases of chronic intestinal indigestion (Tables III and IL)
the results are exactly similar to those obtained in typical cceliac disease
(Table II)-total fat in excess, splitting normal. In gastro-enteritis (Table II)
the results are within normal limits, taking into consideration the ages of the
patients. The figures in tuberculous peritonitis (Table II) show the same
deviation from the normal as in coeliac disease. Clinically, it is not uncommon
for some children suffering from tuberculous peritonitis to become intolerant
of fat, and unless the amiount of fat in their diet is restricted their stools become
large, pale, and fatty; it is probable that the high fat content of the faeces is
due to obstruction to the lacteals. The rapid fall in case H.H. after three weeks
on a fat-free diet supports this hypothesis.
Fat retention.

Fat retention inlvestigations are elaborate and time-coinsumliilg. Iii
clinical wlork therefore they are reserved for special cases. None the less
brief mention of theml is niecessary. The patient is placed on an accurately
measured diet. rhe fat content thereof is calculated with the aid of tables,
or better by analysis of samples of the food used for the diet. After a pre-
liminary period of three or four days on this diet a marker' (usually carmine
or charcoal) is administered. The feees are collected from the appearance of
this inarker until the appearance of a second marker which is given after
several days at the same hour as before. The faces coloured by the first, but
not those coloured by the second marker are included. The food given after
the first and before the second marker constitutes the diet of the metabolism
period. In the case of infants and young ehildren a metabolism bed must be
employe(d for collecting the stools. The metabolism period should not be less
than three whole days. More accurate results are obtained by using longer
periods-up to seven days. Obviously the whole of the stools must be collected.
This is not difficult with a specially trained nursing staff, but is often not easy
in a training school. As soon as a stool has been passed it is either stored in a
refrigerator, or is at once sent to the laboratory to be dried. The total dried
fw,ces of the whole period is weighed, and samples are taken for analysis. The
output of fat and the percentage retention is calculated.

The findings of Holt, Courtney, and Fales (7) for normal and abnormal
chil(lren, anid our ownI results in two cases of eceliac disease (fouir-day meta-
bolism periods) are given in Table IV.

Iln normal infants over 90 per cent. of the ingested fat is retainied -heni
they are breast-fed. On modifications of cow's milk, fat retention is not quite
so good, but in most cases it exceeds 70 per cent. In older childrein on mixed
(liets it generally exceeds 90 per cent.

In rickets fat retention is generally normal. Siimiple diarrhcea often
reduces the quantity of fat retained, in some instances considerably. In chronic
intestinal indigestion there is fre(luently a considerable loss of fat in the feces.
In fact, so far as analytical data are coincerned, there is no difference betweenl
typical cceliac cases and some of the more severe examples of chronic intestinal
indigestion.
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348 ARCHIVES OF DISEASE IN -CHITTTD)HOOI)

SUMMARY.

(1) A nuimiber of techniical points in the dlifferenitial estimatioin of fats
in faeces are discussed.

(2) The findings in normial children of differenit ages ald on variotis diets
are summarized (work of Holt, Courtney, and Fales).

(3) The following generalization is made: normally of the (iried feeces
not more than one-thirdl slotuldl be fat, and of that (faecal) fat not more than
one-third should be insplit, remembering that in infants eveni one-half of the
(tried fwces may consist of fat.

(4) Attention. is drawn to various points in the interpretation of results,
with special reference to cueliac disease. A series of analyses at the Hospital
for Sick Children is given in illustration.

(5) Fat retentioni experiments and results are discussed briefly.
WNe wish to thank iiembers of the Staff at the Hospital for Sick Children for

pernmission to investigate their cases, and -Miss E. M. Taylor and M1r. R. J.
Bromfield for their technical assistance.
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