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FOREWORD

This investigation was carried out by Drs. 5. A. Goldblith and E. L. Wick of the Department
of Nutrition, Food Science and Technology, Massachusetis Institute of Technology, Cambridge,
Massachusetts, under contract AF 33(616)-6136, by authority of Project 6373, "Equipment for Life
Support in Aerospace,' Task 63122, '""Waste Recovery and Utilization.” Mr. Richard E. Bennett
Applied Ecology Sectlon, Sustenance Branch, Life Support Systems Laboratory of the Aerospace
Medical Laboratory, served as contract monitor.

Contractual work began 15 December 1958, with a literature survey of the chemical constitu-
ents of human feces. Isolation and chemical and microbiclogical analyses of a fecal protein fraction
were carried out from March 1959 to February 1960. Fecal minerals and trace elements were
investigated from February 1960 to February 1961. A preliminary study of fecal fatty acids was
made from January 19861 to 15 March 1961.

The authors wish to acknowledge the technical assistance of Carl M. Pihl, Jerry L. Welbourn,
Philip Leung, Gudlauger Hannesson, Phillip Issenberg, and Seabong Chang. The kindness of Pro-
fessor V. M. Ingram, Department of Biology, Massachusetts Institute of Technology, in making
possible analysig of the protein fraction by means of 2 Beckman/Spinco Amino Acid Analyzer is
much appreciated.
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ABSTRACT

Human fecal constituents were investigated for possible use in waste recovery systems aboard
a space vehicle during a journey of long duration (1-3 months). In an attempt to investigate possible
methods for recovering these constituents, it was necessary to first isolate them and then to evalu-
ate their potential usefulness for waste recovery systems.

A review of the literature indicated that there is very incomplete knowledge of human fecal
components, that detailed knowledge of the chemical nature of only a small proportion of fecal com-
ponents exists, and that these have rarely been isolated in any quantity. However, protein, minerals
and trace elements present in feces are possibly useful materials.

Investigation indicated that use of fecal protein or its component amino acids as nutrients for
man would require supplementation of the diet. A number of minerals were isolated from feces.
If found to have nutritional value, feces could possibly serve as an available source of their supply.

Insufficient information (e.g., authentic space diets and identification of useful fecal compon-

ents) exists to compare or recommend feasible methods for recovery of usable materials from feces
in space vehicles.

PUBLICATION REVIEW

“ﬁ,}A i MC&M‘Z&&L

E H. McCANDLESS
Chief, Life Support Systems Laboratory
Aerospace Medical Laboratory
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A STUDY OF POSSIBLE METHODS FOR RECOVERY
OF USABLT MATERIALS FROM WASTE

S+ A. Goldblith and E. L. Wick

SECTION I. - INTRODUCTICN

An investigation of possible methods of recovering usable materials from fecal
material aboard a space vehicle has been carried cut. It was initiated with a
eritical review of the literature for possible methods of recovering usable products
from fecal matter with careful congideration being given to methods for recovery
of materials potentially usable as nutrients for algae or for human consumption.

The literature review was carried out with particular attention being given to
obtaining as complete knowledge as possible of the known components of human feces
and of methods by which these components might be isolated., It was found that come
plete knowledge of the fecal components was not available. Only approximately 32%
of fecal dry matter is identified in any way and 16% of the fotal feces is completely
unaccounted for, It was also found that detailed knowledge of the chemical nature
of only a small proportion of fecal components exists, and that these have rarely
been isolated in any quantity from feces. Since exact knowledge of the chemical
structure, purity and nutritional value of any substance which is to be used in a
closed ecological system as a nutrient for men or algee 1s required, it was necessary
to critically review available knowledge and to make a practical and somewhat
empirical choice of components which might be most ugseful during space travel.

Such a choice would appear to depend upon the guantity of the particular
component available, its ease of separation from feces and its usefulness once iso=-
lated, In view of the natiure of fecesa, the dependence of their composition on diet
and the fact that the diet of space travelers is unknown, it was immediatiely
recognized that knowledge of the identity of fecal components was probably of greater
importence than was the absoclute quantity of any one component found to be present
in feces resulting from a normal diet. The yield in which fecal components were
obtained during the investigation could thus not necessarily be assumed to be
attainable from feces resulting from a space traveler's diet. This limitation to
the overall value of the investigation appeared to be unavoidable,

Judgement of the usefulness of fecal components to men or algae in a closed
ecological system during space flight was also very difficult to achieve. It is
conceivable that a substance which has great use in daily living on earth might
nave little or rno use in a closed ecclogical system. In the absence of the know-
ledge regquired to evaluate the votential usefulness of fecal components under
conditions of space flight, it was concluded that such judgements must be based on
standards of life as it is known on earth.

On the basis of these considerations and a critical review of the literature
protein, minerals and trace elements appeared to offer the most practical and
profitable areas for investigation. Therefore the identity and quantity of these
substances in the human adult male feces have been investipgated and a general eval-
uation of their nutritive value has been made. A preéliminary study of the fatty acids
of fecal lipid was also carried out.
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In view of the exploratory nature of this work 1t was necessary to determine
what analytical technique best applied to the problem as the work progressed. In-
gufficient knowledge exists to allow recommendation of methods which would allow

isclation of materisls usatle in space vehicles.
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SECTION II. - LITERATURR REVIEW

1, Chemical Constituents of Human Feces

Since the ultimate purpcse of this investigation was to obiain usable substances
in reasonable quantities from feces, it was of first importance to determine what
the chemical constituents of feces are and in what quantities they are present,

Feces are generally known {19, 5, 2) to contain indigestible food residues
(eege, cellulose), small quantities of undigested and unabsorbked focdsiuffs, remains
of mucosal cells, digestive flulds, bacteria and unabsorbed products of bacterial
activity. Additional substances known to be present are indole, skatole, hydrogen
sulfide, methylmercaptan (all odorous materials), methane, hydrogen, carbon dioxide,
amnonia, proteoses, peptones, peptides, fats, minerals and trace elements, and
vitaminge.

The relative importance of the above substances as potentially usable materials
which might be obtained from feces during space travel depends fundamentally upon
the quantity of each found to be present (30). The composition and amount of feces
vary {30) depending upon the compositicn of the diet and on the physical condition
of the individual from whom they are obtained. The quantitative compecgition of
human feces is thus reported in the literatiure as average normal values, These
values may be considsred to be a measure of the theoretical availahility of sub-
stances which might subsequently be converted to usable preducts,

It has been assumed throughout this investigation that the gross bulk as well
asz the content of human feces will be the same under conditions of space travel
as under conditions of the normal well-balanced diet of the present day. This
agsumption may not be valid in view of the probability that food used during space
travel may be in concentrated form and differ in bulk, if not in other respects,
when compared with conventional diets., However, {or the purposes of this investigation
there is mno alternative to this agsumption. The work musi be carried ocut on the
bagis of current knowledge and with readily available starting material.

A resume of the major chemical components of humen feces is given in Table I
(5). Te guantities given represent the average production of one man in 24 hrs.
and are reported in terms of per cent of total fecal material. It is noteworthy
that only approximately 84% of the total feces is accounted for and only 2L of
the dry matter is iderntified. Substances listed in Table I which appear to provide
a source of materials potentially suitable for use by men or algse during space
travel are fat, carbohydrate, protein, wsater, vitamins and minerals.

In order to obtain a conception of the theoretical svailability of such sub-
stances, the information in Table I has been used to determine the anproximate
quantity of each which chould he prasent in feces produced by 3 to 20 men during
each 24 hr. of a space flight. These figures are given in Table II. It is seen
that any methods devised for the separaticn of ugeful materials from feces must be
adequate for processing from 450 gme {3 men) to 3000 gm. (20 men) of raterial per
24-hr. day. From trese quantities aprroximately 81 gm. and 54C ume respectively of
dehydrated feces could be cobtained for further processing inin possibly useful
substances.



The use of fecal components as possible nutrients for algee would appear to
depend primarily upon their possible use ms sources of nitrogen, minerals and trace
elements. Since the presence of algae in a space ship is proposed primarily for the
conversion of expired carbon dioxide to oxygen, it seems likely that.the use of fecal
oomponents as carbon sources would be of little importance. In fact, in order to
be considered as a possible algal nutrient, any substance must be demonsirated to
contribute to the efficiency cf this conversion. On this basis a substance which
was "used" by the slgae but which caused a decrease in the carbon dioxide to oxygen
conversion must be consldered harmful to the ecological system within the spece ship,
and could not be considered as a useful nutrient.

Problems involved in the use of algae for the conversion of carbon dioxide to
oxygen in & closed ecological system have been studied extensively by other workers
(3, 18, 21). On the basis of their work it appears that the use of fecal components
as algal nutrients would require rather exact knowledge of the identity of the
components and extensive treatment of feces to produce the components in adequately

pure form.

In the event that algae were used as part of the waste disposal system in a
space ship it is probable that whole, unprocessed feces would be treated with algae.
This possibility has been studied by others (21, 29) and has nct been considered as
part of this investigatiocne.

In view of the possible use of fecal components as nutrients for men, it is
of interest to consider their potential caloric value. The caloric value of feces
has been reported (41) to be 70 to 140 calories per man per day. This means that
the maximum caloric value of 3000 gm. of feces (20 men), assuming complete conversion
to useful substances, would be only 1400 to 280C calories! This is an extremely
small yield.

In view of the smell caloric yield which theoretically can be obtained by
complete isclation of fecal components and by their complete conversion to useful
substances, and in view of the complex problems involved in eecomplishing such
isolations and conversions, il is extremely important that a practical choice of
the components tec be isolated and of the methods to be used be made. Substances
which appear to provide a posaible source of nutrient material are fat, carbohydreie,
protein, water, vitamins and minerals. A discussion of the composition-of these
fecal compcnents and of some of the possible problems associated with their isoclation,
geparation, and conversion to usable materials follows.

A, Water

On the basis of quantity (approximately 66%) and relative ease of isolation,
water may be the most important component of feces. Because of the probable need
for conservation of all usable materials during space flight, the water present in
feces must be isclated and purified. Problems associated with the recovery of water
from humen waste have been considered by other workers (21, 42) and therefore have
not been a major concern of this project. Removal of water would, however, probably
be an integral operation in any method proposed for the isolation and conversion of
fecal comporients to useful subsiances.
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B. Lipid

Although lipid comprises approximately 3% of the feces and is the most abundant
of the known organic components, it does not appear to be a2 promising source of
usable subsiances. Approximately 30% of the lipid is unsaponifiable material which
consists mainly of sterols such as cholesterol and its reduction products, & -copro-
sterol and Awcholestanol {12, 8). Neither of the latter two compounds is absorbed
by the intestine and therefore each would require conversion to a usable form. The
saponifiable fraction of fecal fat is made up (31) of approximately 7.%b neutral fat,
5.6% free fatty acids, and 4.6 soaps. Other fatty substances present in small
quantity in human feces are certain bile acida, cholic acid, deoxycholic acid and
lithocholic acid (28).

The nature of the free and bound fatty acids in the fecal 1lipid of human beings
with normal fat absorption has been determined (25). The fatty acid composition
and the identity of the individual fecal aclde is given in Table 11II. It is seen
that palmitic acid (1680, 45.2%) is the major acid component followed by stearic
(1810, 22.3%), oleic (1811, B.7%), myristic (1410, 6.6%), isomers of oleic (1811,
5¢0%), lauric (1210, 3.3%) and linoleic (1812, 2.0%) acids. Worthy of note is the
fact that the isomers of oleic acid contain the double bond at the 4, 5, 6, 7, 8, 9,
10, 11 and 12 positions, and that about half of these isomers possess the trans
configuration about the double bonds Of equal interest is the presence of 10-hydro-
oxystearic acid.

Although knowledge of the composition of fecal fatiy acids is of great physio-
logical and biochemical interest, it is difficult to conceive of them or of the
other lipid components as sources of useful nutrients. Isclation of these substances
and their conversion to ugeful forms by methods simple encugh to be carried out
under conditions of space travel seems unlikely,

0., Carbohydrate

Feces contein (36) minimal quantities of carbohydraie since only a very small
portion of that ingested is not absorbed. Any carbohydrate which is not absorbed
is generally changed by intestinal bacteris into abaorbable substances. Therefore
the carbohydrate present in feces consistis of undigestible cellulose and vegetable
fivers (pentosans) and serves as a source of bulk or roughage. In man the nutritional
significance of dietary cellulose iz considered to be negligible.

No definite quantity of cellulose or pentosan has been reported io be present
in feces. This is presumebly due to the variability of the amount of cellulosic
material in the diet, It is thus difficult, without knowledge of diets to be used,
to predict the importance of fecal cellulose as a source of usable compounds during
space travel. However, fecal cellulose, if present, is a potential source of
glucose. The glucose cmuld be cobtained by either chemical or enzymatic hydrolysis
of cellulose.

Ds Protein

Protein is usually rot present (15, 5) in the feces of healthy adult humans,
However, approximately 1.5 gm. of nitrogen is excreted (5) (see Table I} in the feces
each day {24 hrs.)e About half of this nitrogen is believed to be of bacterial origin
with the remainder representing small quantities of unabsarbed intestinal secretions
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and digestive fluids, mucus, food residues, intestinsl enzymes and the like (8)}.
Bacteria, mostly nonpathogenic, compose about one-third of the dry weight of the

feces under average dietary conditions (8). Escherichia coli, the most common
bacteria found in man, is located mainly in the large intestine (%9). Porter (32)
reports that the chemiecsl composition of microorganisms includes a variety of proteins
such as glycoproteins, lecithoproteins, phosphoproteins, and nucleoproteins. It is
thus quite certain that protein is present, although no definite total quantity has
been reported in the literature.

Nitrogenous compounds other than protein which are present in feces are indole,
skatole, histamine and tyremine, These meke up only a very small amount of the
total fecal nitrogen. Other nitrogenous subatances which must be present are
bacterial nucleic acids.

The quantity of amino acids excreted in the protein of feces has been cbserved
to remain comparatively constant in spite of relatively large changes in the in-
dividual amino acid content and pattern of the diet (35). The results of the
microbiological determination of eight amino acids in feces which had been homogenized
and hydrolyzed by autoclaving with 4 N hydrochloric acid for 10 hrs. at 1209C. are
shown in Table IV, The quantity of feces examined was a sample collected during 6
days. Their total nitrogen content was not determined.

fince the quantities of amino ecids shown in Table IV (045 to 2.9 gm.) were
determined microbiologicelly on an approximately 900 gm. sample of feces homogenate,
they must be considered to be the maximum quantities present. They cannot be con-
gidered to be guantities which could be obtajined in useful form after chemical
isolation and purification.

The practical accomplishment of the separation of protein from the complex
mixture present in feces, hydrolysis of the protein, isolation and purification of
the component amino acids probably cannot be expected to be carried out in large
yield. However, the protein or its hydrolyzate might possibly be used ag nutrients
for intermediary ccnversion agents such as algae., In any case, the identity and
amount of each acid present must be determined in order to ascertain the aminc acid
pattern. It is not known whether the actual isolation is dispensable.

Albanese, Davis, Lun and Smetak (1) have reported the isolation of protein
from infant's feces by isoelectric precipitation at pH 6.0 from an alkaline ethanol
extract of an agueous homogenate. They found that 22.4% of the total fecal nitrogen
was present in the protein and that fluctuations from this wvalue were spontaneous
rather than related to the diet.

Purification of the protein by electrodialysis, and granulation in acetone
golutions was followed by hydrolysis in 6 N hydrochloric aid for &€ hrs. Analysis of
the resulting hydrolyszate showed the presence of the quantities of amino acids
presented in Table V., These results were obtained from infants which had been fed
an evaporated milk diet. BSince only very slight differences were noted when other
diets were used, these results are considered representative of infant fecal protein.

It is recognized that the work of Albanese (1) and coworkers might have little
relationship to the nature of adult fecal protein. Their results are, however, of
interest.

On the basis of the above information, isolation of fecal protein appeared to

be feasible, and methods for its isolation, purification, and conversion to useful
substances were worthy of practical investigatione '
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E. Vitaming

The following quantities of B Vitamins have been detected (40) in feces
collected over a period of 24 hrs,.

p-Amincbenzoic Acid Ce246 mg,
Biotin 0.133
Folic Acid 0e304
Pantothenic Acid 2620
Pyridoxin 0.%8
Nicotinic Acid 3063
Thiamine 0.548
Riboflavin 1.029

Small quantities of Vitamins C, K, E and A (2) are also found. As indicated
in Table I, the vitamins account on the average for about 0.01% of the feces. The
greater part of this fecal vitamin content is believed to be of bacterial origine.
Thiamine is in the form of cocarboxylase (40) while little ig known of the chemical
form in which the others exist.

In view of the lack of knowledge of the exuct nature of the vitamine ss they
exist in feces, readily available methods for their isplation from feces do not
exist. For this reason and because the total guantity present is so small, the
vitamins do not appear to be a practical source of materials which might be used
during space flight.

F. Minerals and Trace Elements

Minerals and trace elements are excreted in feces in small but widely varying
quantities. Certailn of theose which are found in relatively large amounts are given
below (5).

Weilcht excreted in 24 hrs.

Sodium 001 2 Elle
Potagsium 0.47
Calcium 0.64
Magnesium 0.20
Chloride G.09
Phoaphorus 0.51
Sulfur 0a13

Many other substances such as arsenic, copper, iron, lead, mangznese, nickel
and zinec are present (2) in trace quantities (see Table VI).

Ag a group, the minerals and trace elements are potentially useful substances.
Certain of them such as caleciam and phosphorus are present in relatively large
quantities. However, as seen in Table VI the yuantities reported to be present

vary greatly.

This variation is not surprising since it is well known (19, 5, 2, 14) that the
mineral content of feces is directly influenced by variable dietary, metabolic, and
gastrointestinal factors. A study (2, 11) of the pathways of mineral metabolism
showed that relatively few minerals are more than T(P: absorbed by man and are thus
excreted in the urine and feces,
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It is difficult to predict the potential usefulness of minerals and trace
elements as matrients for man during extended space travel., Man's minimum daily
requirements for these substances is largely unknown. This is particularly true in
the case of the trace elements since little ia known of the quantitative levels
nacessary to assure their physiological functions, or of their desirable dietary
levels in man. It iz, however, possible that minerals and trace elements could be
useful to algae during space flight.

Since the mineral content of feces is known to be so variable, knowledge of the
identity of the major mineral components of human feces is of much greater importance
to the current investigation than is a quantitative determination of the absolute
smount of each metal present., Bach individual fecal sample investigated could be
expected to differ in the exaci quantity of each mineral or trace element present,
but the general composition of different fecal samples should be roughly similar,

t. Bile Pioments

Although the bile pigments have no obvious nutritional potentiml as useful
substances, they are present in feces in approximately 0.1% (5) (see Table I). They
have a tetrapyrrole structure and are responsible for the color of feces. From the
point of view of the project under investigation, they appear to be of little use.

2. QConclusions

On the basis of the above general review, it was concluded that the following
components of human feces were possible sources of substances which might be con-
varted to forms having value during space travel: water, fecal protein, and minerals
and trace elements, OConsideration of methods required for the isolatiocn of these
components led to the conclusion that two general schemes could result in rousgh
separation and isolation, in the one case, of water, lipid, and protein; and in the
other case, in separation and isolation of water and fecal ash which contained
minerals and trace elementz. Both separation schemes involved initisl removal of
water from feces by lyophilization. The resulting dehydrated feces could then be
stored or treated in any manner desired.

The remainder of this report describes investigations carried out on the protein

minerals and trace elements present in feces. Since lipid is present in feces in
relatively large amounts (3%) and since knowledge of Bitty acids derived from lipid

may be relatively easily obtained by gas chromatography, a preliminary investigation
of fecal fatty acids is also described.
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SECTION IIL. - FRCAL PROTEIN

EXPERITTENTAL FROCEDURES

1. Lyophilization of Feces Homcgenate

A, Preparatiogn of the Sample

Normal human male adult feces was processed either immediately after collection
or within an hour (stored at about 4°C.). The feces (50 gm.) was diluted with water
(1:1) and thoroughly homogenized in a Waring blendor for 2 min. Acidifiecation of
the feces homogenates with approximately 5-T7 ml. of concentraied hydrochloric acid
to pH 1.0 as determined by Hydrion pH paper was carried out to lessen the odor, kill
bacteria and facilitate lyophilization.

Bs Procedure

Acidified feces homogenate (80 gm.) was placed in a 2-1. lyophilization flask
having a 24/40 ground-glass joint, completely frozen by swirling in an ethanol-dry
ice bath, then immediately attached to the lyophilization trap and evacuated.
Lyophilization required approximately 8 hrs. The dried product, a brown granular
solid, was obtained in 16.1% yield (Table VII) and its nitrogen content determined,
4 40 x 600 mm. chromatographic tube filled with coarse activated charcoal and
connected between the lyophilization trap outlet and the vacwum pump adsorbed all odor.

2. Removal of Lipids

Feces lyophilizate (approximately 2.4 gme) was continuously extracted with
80 ml. of solvent in a Soxhlet apparatus for 16 hra. After extraction, the thimbles
were dried to constant weight. The solvent was evaporated on a steam bath and the
residue dried in a vacuum desiccator until constant weight was obteined.

Extraction was carried out by three different solvent systems and the resulls
compared. These systems weret (1) anhydrous, peroxide-free, ethyl ether for 16
hrs. (2} absolute ethanol for 16 hrs. und, (3) anhydrous ethyl ether for 8 hrs.
followed by absolute ethenol for 8 hrs.

Nitrogen determinations were carried out on both the lipid-free residues and
the lipid extracts. Yields of lipid-free material obtained and the per cent nitrogen
present are given in Table VIII.

3, Isolation of Protein Fraction from Solvent Extracted
Feceg Homogenates

The procedure was based on the method of Koch and Hanke (24) and is outlined in
Figure 1. The lipid-free sample (1gm.) was thoroughly mixed with 100 ml. of 2 N
sodium hydroxide in a 250 ml. centrifuge bottle, let stand 10 min. and centrifuged
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for 20 min. &t 2200 r.p.m« The brown supernatant liquid was decanted into a 250 ml.
volumetric flask. Sodium hydroxide (2 Ny 50 nl.) was added to the residue in the
centrifuge bottle, the resulting suspension was mixed with a glass rod and centrifuged
for 30 min. The resulting supernatant liguid and the supernatant liguids from two
more washings with 40-ml. portions of 2 N sodium hydroxide were combined with the
original liquid and brought to a final volume of 250 ml, with 2 N sodium hydroxide
solution (Solution 1, Pigure 1). The alkali insoluble residue (Residue 1, Figure 1)
was refrigerated.

A. Precipitatiion of Protein Fraction

Solution 1 (200 ml.) was placed in a 300 ml, Erlenmeyer flask and adjusted to
pH 3.8 (Hydrica pH paper) with concentrated hydrochloric acid. The resulting
suspenslon was divided between twe 25C ml. centrifuge botiles and centrifuged for

15 min. at 2200 r+p.m. The inscluble residues were transferred to a single cent-
rifuge bottle, and were washed twice by suspension in 50-ml. portions of Walpole's
acetate buffer pH 3.80 and by centrifugation. The protein fraction thus cohtained
(Residue 2, Figure 1) was stored under refrigeration. It gave a negative molybdate
test for phoaphate. The combined supernatant liguids were brought to a final volume
of 500 ml. with the buffer (Sclution 2, Figure 1).

Nitrogen determinations were made on Residues 1 and 2, Solutions 1 and 2 %o
evaluate the efficiency of the separation., The yields of these isolates as well
as their nitrogen content are presented in Table IX. A summary of the fractionation
of* dehydrated feces is given in Table X,

4o  Investigation of Fecal Protein

4, Hydrolysis of Crude Protein Fraction

Prior to hydrolysis the Molisch test was performed on the crude protein fraction
to determine if any carbohydrate was present., The presence of carbohydrate in
protein may cause from negligible to very large destruction of amino acids during
hydrolysis (4). In all ceses the presence of carbchydrate was indicated.

Hydrolysis of the crude protein fraction was carried out by treatment of 1.5 gm.
of the protein with 25 ml. of 2 N hydrochloric acid and autoclaving the resulting
mixture for 16 hrs. at 1219C, and 15 p.s.i.

For purposes of microbiological and paper chromatographic analysis, the hydroly-
zate was treated with 4 ml. of 2.5 N sodium acetate solution, filtered and diluted
to 100 ml. in a volumetric flask. It was preserved with toluene and stored at
approximately 3°C,

For purposes of gquantitative column chromatographic analysis, the fecal protein
hydrolyzate was thoroughly mixed with 100 mg. of Darco G 60 and then filtered by
suction through a layer (1/8 in.) of filtercel on highly retentive, acid-washed,
blue ribbon filter paper to remove the large quantity of humin present.

Samples of the hydrolyzate before and after Darco treatment and of the filter-

cake were analyzed for nitrogen by the mioro-kjeldahl method. The filtered hydrolyzate

wes examined for the presence of halogen {chloride) by sodium fusion (36) and by
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the Beilstein test (36). Chloride was removed from the hydrolyzate by ion-exchange
chromatography on a C.85 x T.75 in. column of Dowex, 5H0W-~X8, cation exchange resin,
mesh 200-400, in the acid form.

Elution with distilled water was carried out until a negative silver nitrate
test for chloride was obtained. The amino acids were eluted from the column by 300
mle. of 2 N samnonium hydroxide. Lyophilization of the desalted protein hydrolyzate
(125 ml.) was carried out in a 2-1. flask in the manner described previcusly. The
solid residue (0.5 gm.) thus obtained was light tan and almost odorless. It cone
tained no chloride ion.

B, Paper Chrometographic Analysis of Fecal Protein Hydrolyzates

A gchematic representation of the chromatogram obtained by separation of the
hydrolyzate in a n-butancl : acetic scld 3 water (2501601250 V/V; systen is given
in Figure 2, It appears that the fecal proteir hydrolyzate (UNK) is separated into
at least 10 amino acids. Comparison of the distance moved by each s pot in the fecal
nydrolyzate (UNK) with the acids present in the known mixture (MIX), and with the
individual acids, shows that spot 1 may contain lysine (LYS) and histidine (HIS),
spot 2 may contain arginine, spots 3, 4, 5, 6 and 7 are unidentified, spot 8 may
be a mixture of methionine (MET) and valine (VAL), spot 9 may be rhenylalanine and
spot 10 probably contains leucine and isg-leueine.

The probable presence of a number of other aminec acids is shown by the chromatece
gram (see Figure 3§ obtained by separation of the hydrolyzate (UKK) with a phenol
(88%) : 2-propencl s water (53131, V/V) system. In this case it appears that spot

1 may contain aspartic acid (ASP), spot 2 may contain glutamic acid (GLU), spot 3
may contain serine (SER), spot 4 may contain glycine (GLY), spot 5 may contain
threonine (THR), spot 6 may contain alanine (4La), while spots 7 =nd 8 are unknown.

Cs Microbiological Analysis

The presence of lysine, leucine, iso-leucine, phenylalanine, methionine,
arginine, valine, histidine and threonine was confirmed by microbilological assay of
the fecal proteln hydrolyzate. The results of these determinations are shown in
Table XI. The presence of tyrosine, in addition to the above amino acids,was in-
dicated., It was probable that tryptophan and cystine were not present.

Do Ton Exchange Chromatographic Analysis

Detailed quantitative knowledge of the composition of purified human fecal
protein was obtained by means of a Beckman/Spinco Amino Acid Anslyzer. The results
of this analysis are given in Table XII. By this means the presence of all the amino
acids indicated to be components of the protein by microbioclogical and paper chromato-
graphic analyses was confirmed. In addition, proline, allo iso-leucine, and meth-
ionine sulfexide were found to be present. No cystine or tryptorhan was founde The
absence of tryptophan was believed to be due to the acid hydrolysis conditions used
rather than to its naturel sbsence in the fecal protein. A schematic representation
of the chromatogram of the amino ascid components obiained by the Amino Acld Analyzer
is given in Pigure 4.
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RESULTS AND DISCUSSICN

1. Isclation of Fecal Protein

Fecal protein from normsl humen male adult feces has been isolated in about
5% purity and in reproducible yields of about 12% on a dry basis.

A, lyophilimation of Feces

Dehydration of feces was successfully carried out by lyophilizetion. The water
thus removed was colorless and had the typical fecal odor. The remaining residue
was & brown, easily handled, hygroscopio powder which alsc had the typical fecal
odor. It contained spproximately 4.5% moisture and 12.0% ash. A total of 347 e
of feces was lyophilized producing an average yield of 16.15% {(range 12,1 to 22.2%)
of dried feces, ?;able VII). This yield is in close agreement with that reported in
the literature (5) (Table I)» Dried feces were found to have an average nitrogen
content of 6.0% (range 5.6 to 6.1%).

On the basis of these results, it appeared that a successful lyophilization of
fecal matter ocan be easily carried out. There should be no mejor problem encountered
in the lyophilization of larger amounts of feces homogenate. The use of this method
has been suggested previcusly for the recovery of water from waste in space ships (42).

B. lLipid Removal from Dehydrated Feceg

Lyophilization of the acidified feces probably effected a denaturing of the
fecal protein (17). 48 a result, solvent extraction was axpected to remove both
free and bound proteinss The efficiency of several solvents or solvent mixtures was
investigateds The results of solvent extraction (Table VIII) were found to be re-
producible and revealed ithet ethanol extracted the largest amount of material.
Ethanolw-extracted residues were obtained in yielde of 54.35%, 52,8% and 6401% and
they contained 9.42%, 9¢4% and 9.49% nitrogen respectively. On the other hand,
diethyl ether extraction gave the largest yields (88.14% and 83.3%) of extracted
residues but these residues contained the least amount o f nitrogen (T.O&% and T.&%).
The "lipid free" products in all cases were light tan, odorless, less hygroscopic
than the lyophilized samples and easily handleds They conteined spproximately Al
molsture and 12.2% ashe

The results from the lipid separations were caloulated on a yield basis rether
than on a per cent extracted basis, because of interest in the protein remaining after
lipids had been extracted. However, calculations on & per cent extracted basis were
found to he in close agreement with those on a yield basis.

0, Isoclation of the Protein Fraction

The procedure for the isolation of the protein fraction from the lipid-free
material was based on the method of Koch and Hanke (24) (Figure 1). The alkali in-
soluble fraciion (R-1) was considered to be made up largely of cellulose and fibers
whereas the supernatant liquid (solution I) was probably composed of mucleic acids,
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salts, protein and other soluble substances. The protein fraction (R-2) was precipi-
tated at its iscelectrie point (pH 3.80) from Solution I. 4 negative test for phos-
phate indicated it to be free of nucleic acids., A& nitrogen balance of the whole
operation was carried out to determine possible exverimental losses.

The fractionstion procedure was performed twice on lipid-free materials obtained
from the three solvent systems previously described. These separations are summerized
in Table IX, More than 90% of the total nitrogen was recovered from fractionation I
of the ethanol and ethanol-ether extracted materials. Only 83.8% of the total
nitrogen was recovered from the ether extracted material of fractionation I. In
fractionation 2, an average of about 80% recovery of the total nitrogen was realized.
In 81l cases, the loss of nitrogen occurred during the precipitation of the protein
fraction from solution I (Table IX). The losses of nitrogen incurred are not con=-
sidered to be of significance for the following resaons. The yield of the protein
fraction obtained from the lyophilized feces is approximately 12.3% for all three
gsolvent systems used for fat removal. The nitrogen content of all the protein
fractions from the three solvent systems is approximately 12.(%. Thus the solvent
systems tested were equally effective in accomplishing the isolztion of the protein
fraction from dehydrated feces. HEthanol was selected as the most practical solvent
to be used for the removal of lipids because it was easier to handle than ether, was
not ugsed in a solvent mixture and is nontoxic¢ under conditions of use.

2, Investigmntion of Fecal Protein

A positive Molisch test was obteined on all crude protein fractions indicating
the probable presence of carbohydrates. 4 negative result by this general test is
good evidence of the absence of carbohydrates, but a positive test is merely an
indication as to their probable presence. The presence of carbohydrates in protein
can cause from negligible to very large destruction of the amino acides during sub-
sequent hydrolysis. However, hydrolysis without further purification would, if
successful, save much time. It was thus decided to proceed with the hydrolysis. If
no major problems developed due to the presence of impurities, separation and
esnalysis of the component amino acids would be carried out by ion exchange chromsto-

graphy.

Acld hydrolysis of the crude protein fraction was carried out. Nitrogen
determinations on the protein itself and on three hydrolyzetes revealed a 97 o &%
average recovery of the totalnitrogen in te hydrclyzate. Removal of humin and of
inorganic salts from the protein hydrolyzate was accomplished. The resulting sclution
of amino acids was lyophilized. ¥itrogen determinations revealed that the removal
of humin, desalting and lyophilization resulted in an 8% recovery. This represents
a 72.8% recovery of nitrogen based on the original crude protein fraction.

The purified amino acid lyophilizate was not at all hygroscopic but remained
an easily handled off-white powder which possessed the typical protein hydrolyzate
cdor and contained no halide. On the basis of the above work, quantitative chromato-
graphic analysis of the amino acid content of the purified hydrolyzate was warranted.

i. Paper Chromatographic Analysic of Amino Acids in Fecal Protein Hydrolyzates

A schematic representation of the actuasl chromatograms developed in n~butanol:
acetic acidiwater mixture is presented in Figure 2. It appears that the fecal
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protein hydrolyzate (UNK) has been separated into at least 10 amino acida. Comparison
of the R values of the known amino acid mixture (MIX), known amino acids and of the
components of the hydrolyzate, indicated that spot 1 probably contained lysine (LYS)
and histidine (EIS) and that spot 2 probably contained arginine (ARG). Spots 3, 4,

5, 6 and 7 were unknown while spot 8 probably contained methionine (MZT) and valine
(VAL), spot 9 probably contained phenylalanine (PHE) and spot 10 probably contained

a mixture of jgo~leucine (1Is0) and leucine (LEU)a

A diagram representing the actual chrometograms developed in 8&% liquid phenol:
2-propanocliwater mixture is presented in Figure 3. It appears that the fecal protein
hydrolyzate (UNK) has been separated into at least eight amino acids. Comparison of
Ry values revealed that spot 1 may contain aspartic acid (4sP), spot 2 may contain
glutamic acid (GLU); spot 3 may contain serine (SER), spot 4 may contain glycine
(GLY), spot 5 mey contain threonine (THR), spot 6 may contain alanine (ALA) while
gpots T and 8 were unknown.

Data (Table XI) from microbiological assays of component amino acids in the

fecal protein verified the presence of lysine, leucine, iso=-leucine, phenylalanine,
methionine, arginine, valine, histidine and threonine.

Bs _Ion Exchange Chromatography of the Purified Protein Hydrolyzate

A sample of purified amino acid hydrolyzate was examined by means of a Beckman/
Spinco Amino &cid Analyzer. The results obteined from this analysis (Figure 4, Table
XII) confirmed the presence of arginine, aspartic a¢id, threonine, serine, proline,
glutamic acid, glycine, alanine, valine, methionine, isg-leucine, leucine, tyrosinae,
and phenylalanine. In addition, it was found that the hydrolyzate contained lysine,
histidine, arginine, methicnine sulfoxide and gllo iso-leucine.

%o An BEvaluation of the Nutritional Value of Human Fecel Protein

A review of the composition of fecal protein (Table XII) shows that 22.6% of
the crude fecal protein is made up of essential amino acids, Total amino acids
make up 47.0% of the crude fecal protein. On the other hand, based on the purified
fecal protein hydrolyzate, 48.0% of the total fecal amino acids are essential acids,
while the total fecal acids represent 82% of the purified hydrolyzate. As the result
of the ion exchange chromatographic analysis, 89.9% of the fecal protein hydrolyzate
was accounted fors

An evaluation of the nutritional value of the purified fecal pretein was made

by comparison of its composition with that of egg albumin, a protein of high nutritional

value (Table XIII). Egg albumin is the most complete protein available in our food
supply because it contains a high provortion (48.1%) of essential acids and an ex~
cellent balahoe of essential amino acids. Fecal protein is defieient to egg albumin
in both respects. It contains only 22.6% of easential amino acids and its overall
cgsential aming acid balance is inferior (Table XIII).

It is evident that use of fecal protein or its component amino acids as nuirients
for man would require supplementation of the diet.
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SECTION IV. - MINERALS AND TRACE ELEMENTS

EXPERTIMENTAL PROCEDURES

1.  Lyophilization of Feces Homogenate

4, Preparation of the Sample

Normal human adult male feces were lyophilized in the manner described above.
The product, & brown granular solid, obtained in 2546% average yield (see Table XIV)
was ground in a mortar and stored in a desicecator. This yield differed from that
obtained (16.1%) during work on fecal protein. Since the feces in each case were
obtained from different perscns, the difference is not unusual.

2. Preparation of a Compogite Fecal Sample

Approximately 10 gm. from four differemt (II, 1114, IV,, and Vu, Table XIV)
proparations of lyophilized feces were combined, ground in & mortar, mixed thoroughly
and atored. This composite sample (35.1 gmq) wag the source of all subsequent
investigations.

3, Moisture Determinstion of Lyophilized Feces

Seven portions (sbout 0.50 gm. each) of the ground, composite, lyophilized
feces sample were accurately weighed in dry porcelain coors crucibles {30 m1.) and
dried in en electric oven, at 100-110°C, for 22 to 24 hrs., cooled in a desiccator
for 30 to 60 min. and weighed. The yields of dried feces thus obtained (average
86,7%) are given in Table XV.

4, Isolation of Fecal Ash

Bach moisture~free sample was ignited at red heat over a hunsen burmer, then
over a Meker burner until a near-white ash was obtained, and finally held overnight
(22 to 24 hrs.) in a mffle oven at H00°C. Bach crucible was cooled in a desiccator
end weighed. The yields of ash obtained (average 14,1%) are given in Table XV. The
average yield of ash from raw feces is 3.1%.

5e Separation of Manganese, Cobalt, Copper and Iron by
Anion Exchange Chromatography

A, Preparation of the Column

_ A 10-ml, Kimax burette (dimmeter 0.8 cms) was packed with 24,5 cm. of Dowex 1-X8
(c1 ), 100 to 200 mesh, anion exchange resin., Thé column was washed with 100 to 150 ml.
of distilled water and 10 ml. of 12 M hydrochloric acid before addition of a sample.
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B. Preperation of Sample

ae Known Mixture

3tandard sclutions were used to prepare the nown mixfure. An appropriate

volume for the pepems desired (see Table XVI) was pipetted from the standard aclution

of each metal into a 125 ml. Erlemmeyer flask. This sclution was carefully evap-
orated to dryness over an open flame and the residue di=solved in 1 ml, of 12 M
hydrochloric acid.

b, Fecal Agh

Semples number 1, 6, and 7 (see Tasble XV) were treated with 1.5 ml: of 12 M
hydrochloric acid and the combined solution evaporated carefully to dryness over an
open flame. The residue in each case was rediassolved in 1 ml. of 12 M hydrochloric
acid and the resulting clear yellowmgreen solution added to the column.

C. Separation by Anion Bxchange Chromstography

The method of Kraus and Moore (25) was used for the seperation of the anionic
chloride complexes of manganese (II), cobalt (II}, copper (II) and iron (III). The
solution (1 ml.} of fecal ash or of the known mixture of metals was added to the
column. The flask was rinsed with two 1 ml. portions of 12 M hydrochloric acid,
which were added successively to the column. OUations were removed from the column
by elution with 7 ml., 12 M HC1 at a flow rate of 0.3 to 0.35 ml./min. Successive
elution at room temperature with 15 ml. of 6 M hydrochloric acid, 15 mle. of 4 M
hydrochloric acid, 15 ml. of 2.5 M hydrochloric acid, and 20 ml. of 0.5 M hydrow-
chloric acid, at a slightly increasing flow rate of 0,35 to Q.7 ml./mina, brought
sbout separation of manganese (II), cobalt (II}, copper (II} and iron (III).
Blution diagrama of the separation of these ions from the known mixture and from
fecal ash are given in Figures 5 and 8 respectively.

The effluent was collected by meana of & “Rinco" automatic fraction collector
in Y-ml. fractions which were then analyzed for their respective metal content by
means of flame spectrophotometry. The initial 10 ml. of effluent containing the
cationic portion of the samples was collected and set aside for further examination.

6s Separation of Lithium, Sodium, Potassium, Magnesium,
Nickel, Calcium, and Strontium by Cation Exchange
Chroma tography

Ay Preperation of the Column

A burette (diameter 1,2 cm.) was packed to a height of 11,6 cm. with Dowex 50W-
X8 (H*), 200 to 400 mesh, cation exchange resin. The resulting column was washed

with 100 to 150 ml. of distilled water and 30 ml. of Gu15 M hydrochlorieo acid before
addition of a sample.

B. Preparation of Cation Fraction for Separation

The first 10 ml. of effluent (eluted by 12 M hydrochloric acid) from the anion
sxchange chromaiography were combined and rinsed into a 125 ml. Erlemmeyer flask by
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means of 1 to 2 ml. of 12 M hydrochloric acid and 2 to 3 ml. of distilled waiter. This
solution was gently evaporated to dryness over an open flasme. The resulting white
residue was dissolved in 3 mls of 0415 M hydrochloric acid,

Co Separation of Cations by Cation Exchange Chromatography

The methed of Cohn and Kohn (9) was modified and used for the geparation of
lithium (I), sodium {I), potassium (I), megnesium (II), nickel (II), calcium (II),
and strontium (II). The sample {3 mlas obtained either from fecal ash or from the
krown mixture was added to the columm. The flask was rinsed with two 3-ml. portiong
of 0,15 M bydrochloric acid which were added tc the column. The metals were removed
from the column by elution with 400 ml. Ce15 M hydrochloric acid, 400 ml. 0.5 K
hydrochloric acid and 400 ml. 1.0 M hydrcchloric aid, or by linear gradient elution.
In the latter case elution was carried out from & beaker which contained 550 ml. of
1.5 M hydrochloric acid, connected by means of & small glass tube t¢ znother similar
beaker containing 550 ml. of 0615 ¥ hydrochloric acide The latter was corrected to
the column by a glass tube sc that the initial concentration of eluant was Q.15 M.
Continuous mixing of the eluant was sccomplished with a magnetic stirrer. The
flow rate was 043 to Q.6 ml./min. The metals were eluted in the folleowing order:
lithium (I), sodium (I), potassium (I), magnesium (II), nickel (II), calcium (II),
and strontium (II). Separation accomplished with the known sanple by stepwise and
gradient elution methods are shown in Figures 7 and 8. Separation of the cations
of fecal ash by gradient elution is shown in Figure 9. Effluents from the known
gsanple were collected in 5 ml. portions by means of the automatic frection collector.
Effluents from fecal ash were collected in 10 ml. portions in the same monner. The
metal content of all fractions was determined by flame spectrophotometry.

7. Flame Spectrovhotometric Determination of Certsin
Minersls Derived from Feces

A, Apparatus

A Beckman Model DU Spectrophotometer fitted with a Flame Photometer Atiachment
No. 9200, s photomultiplier attachment (No. 4300) and an oxygen-hydrogen atomizer-
burner (No. 4020) was used for *he quantitative analysis of certain minerals in fecal
ashe The instrument was set upy adjusted, and its reproducibility checked in accor-
dance with the Beckman Instruction Manusl. )

B.  Preparation of Siandard Solutions

Standard stock solutions (1-1l.) containing 1000 Papems of each of the eleven
minerals selected for determination were prepared from reagent grede chloride salts
and distilled water. Serial dilutions of 400-1000 nle down to 1 p.p.me covoring
the range in which the metal was found were made as Tequired. A4ll standard scluiions
were kept in polyethylene bottles, and prepared fresh abouil every month,

C. Analytical procedure

as Tne following instrumental conditions were used during this investigation:
Sensitivity contrel Maximum
Selector switch, peositicn Cs1

17
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FPhototube resiator 22 megohms
Zero suppression 3
Sensitivity (photomultiplier) Full
Oxygen pressure 10 pededs

bs The wave length, slit width and hydrogen pressure used for determination of
each metal were the following:

Reference Con-

Wave- S51it centration of Hydrogen
Metal length Width Standards Presgure

Zmpj ZMos (pnpomnj PeSolie
Lithium 6708 0.028 25 4
Sodium 589.3 0.007 250 4
Potassium T68,0 0.260 500 5
Magnesium 3710 0.026 250 5
Nickel 34165 0.050 25 5
Caleium 55440 0.009 250 4
Strontium 460,5 0.015 25 4
Mengsnese 403506 0.018 25 5
Cobalt 341.1 0,070 25 5
Copper 3276 0,032 25 5
Iron 37240 0.03 250 %

The flame size was adjusted to give the best readings for each metal,

coe A series of standard calibration curves covering the concentration range
found in fecal ash were prepared for each metal. In each case emission intensity
vas plotted on the ordinate and concentration (p.p.m.) on the abscissa of regular
graph paper. Background readings for each meial were determined with distilled wates

Since experimental conditions must be constant in order for results to be
valid, calibration curves were prepared immediately prior to flame spectrophotometric
analysis of chromatographic fractions. Comparison of emission intensity for each
metal in fractions obtained from the separation of the known mixture and samples of
fecal ash with the calibration curve for that metal indicated the concentration
present. DBackground readings for each metal (anion exchange) were determined on the
hydrochloric acid solution used to elute the metal. In the case of linear gradient
elution background readings were determined on fractions collected immediately be-
fore and after elution of the perticular metal.

Bach fraction and sach standard solution was analyzed at least twice or ae
many times as required to cobtain consistent readings. A number of brief readings
werg found to yield the best results. The burner caepillary was rinsed with distilled
water between readings of the fractions. The null meter was checked after each

resding and brought to zero if necessary.
de Results of the flame spectrophotometric determination of ten metals in a

known mixture are presented in Table XVI, Results of analysis of three samples of
fecal ash for the same ten metals and lithium are presented in Table XVII.
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RESULTS AND DISCUSSION

1e Isolation end Determination of Fecal Minerals

Methods for the isolation, identification and guentitative determination of
fecal minerals were suggested by a review of investigations of minerals in other
biological materials (20, 6, 10, 11). The wide use of flame spectrophotometry for
analysis of such mixtures either before or after szeparation of the minerals by ion
exchange chromatography indicated that this was the method of choice, A review of
the literature concerned with ion exchange separation of metals (cations) showed
that the fecal minerals should be successfully separated by this technigue. The
availability of several general texts (27, T 15) which reviewed the method aided
in this review. Of particular interest was the work of Kraus (25, 26) and co-
workers who studied the separation of alkali metals and alkaline earths by cation
exchange chrometography and separation of divalent traznsition metals by anion ex-
change chromatography.

On the basis of their work it was concluded that separation and deter-
mination of ten of the minerals reportei (Tables I, VI) to be present in feces
could be carried out by ion exchange chrometography and flame photometry. These
minerals were sodium, potassium, magnesium, calcium, strontium, nickel, manganese,
cobalt, copper and iron.

Separation of these substances should be possible by a combination of anion
and cation exchange chromatography in which manganese, cobalt, copper and iron would
be separated and removed asg anionic chloride complexes (MCl‘ and MCIE) from cations,
and the cations would in turn be separated on a cation exchange resin.

It was anticipated that samples of fecal minerals, suitable for analysis by the

above methods, could be obtained by lyophilization of feces and ignition {ashing) of
the resulting dry product.

A, Iyophilizaticn, Dehydration and Ashing of Feces

Lyophilization proved to be a practical and successful method for preparation
of dehydrated feces. The yield of lyophilized feces obtained was 25.6% (Table XIV).
The yield differed from that obtained ?16.1%) during work on fecal protein. Since
the feces in each case were obtained from different persons, the difference is not
unusual. The product was a brown, easily handled solid which contained apvroximately
13% moisture (Table XV). Removal of molsture yielded dried feces in 22.1% yield.
Thay possessed a typical fecal odor, as did the water which was removed. A total
of 293 gm. of raw feces were processed yielding T4.8 gme. of lyophilized material.
A portion (35.1 gm.) of the total product was combined and mixed thoroughly to pro-
vide a homogeneous sample from which aliquots could be taken for further investigation.
This was of fundamental importance if significant analyses for metals were to be
carried out since considerable daily variation in compeosition of feces may be expeoted.

The fact that a truly homogeneous sample hzd heen cbtained was illustrated by
the similar moisture content and quantity of ash isolated from seven aliquota
(approximately 0.5 gmo) of the sample (Table XV), On the basis of these results
the raw feces were found to contain approximately 3.1% ash. This value is higher
than that reported by Boerner and Sunderman {Table I). However, due to the well
known wide variability in composition of fecal samples this difference is not con-
sidered {o be of importance.
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Consideration of the procedure for isolation of fecal minerals (ash) from the
point of view of its poasible use aboard a space ship indicates that it might be
suitable for this purpose. It requires two relatively simple operations: the
removal of water, and the combustiion of the lyophilized product. In both cases the
product could be stored in a small area and used when desired.

2¢ Separation of the Mineral Components of Fecal Ash

The ready availability of knowledge concerning the separation of inorganic
substances by ion exchange chromatography allowed straightforward application of
the method to the selected components of fepal ash. The method of Kraus and Moore
(25) for separation of Mn, Co, Cu, Fe and Zn, and of Cohn and Kohn (9) for geparation
of the alkali metals were used with slight modification.

Separation of a known mixture of the metrls to be determined in fecal ash was
carried out successfully as is shown by the elution diagrems given in Figures 5, T
and B, Complete separation of all components except magnesium and nickel was
accomplished. Incomplete separation of these substances may have contributed to
the somewhat low recovery of nickel found by flame spectrophotometry (Tavle XVI).
Separation of the samples of fecal ash was also carried out successfully (Figures 6
and 9) although complete overlapring of magnesium and nickel was observed.

Identification of each of the metals of interest in the known mixture as well
as in the fecal ash samples was accomplished by comparison of the wavelength of
maximum emission intensity of each pesk with the known characteristic wavelengths of

metals present.

It was recognized that minerals and trace elements other than those selected
for analysis might be present in the fecal ash. In fact lithium was found to be
present in fecal ash though it hed not been included in the known mixture. The
fact that the elution diagrams of the fecal ash contain peaks which have shoulders
indicated that addiiional substances might indeed be present. However, review of
the elution diagrams of the known nmixture also shows the presence of unsymmetrical
peaks. It is therefore probable that the lack of symmetry in both cases is due to
interference effects in the flame spectrophotometric analyses. Further investigation
would be required to determine the valldity of this probability.

3¢ Flame Spectrophotometiric Determination of Certain

Facal Minerals

The results of flame spectrophotometric analysis of chromateographic fractions
obtained from the known mixture and from three samples of fecal ash are given in
Tables XVI and XVII respectively.

Recovery of the components of the lmown mixture was good except for the case
of nickel (B89.0%), strontium (75.3%) and cobalt. The relatively low recovery of
gtrontium and the failure to obtain reliable results for cobalt are helieved to be
due to the fact that the gquantities of these substances present in the chromato=-
graphic fractions studied were too small for accurate detection. These levels,
however, corresponded 1o ‘the levels of strontium and cobalt actually observed to
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be present in fractions obtained from samples of fecal ash (see Table XVII). I%
thug appeared that accurate quantitative determination of these trace elements would
require separation of much larger samples of fecal ash and a consequent scale-up of
the whole chromstographic procedure.

The relatively lcw recovery of nickel (89.0%) mey be due to the fact that it
wag eluted in essentially the same fractions ag magnesium, and that the presence of
magnesiom may have interfered in its accurate determination.

Although the determinations of strontium, nickel and cobalt were not completely
satisfactory, it was not considered necessary to investigate them further for the
following remson. The major goal of this investigation of fecal minerals was to
determine what substances might be present in quantities large enough to warrant
their eventual isolation, and not primarily to determine the exact amount of each
metal present. If{ has teen pointed out previously that wide variation in the come
position of fecal samples is to be expected, Thus intensive determination of the
exact guantity of each component present was not warranted.

The important observetion which resulted from analysis of the known mixture
wes the fact that the determinations were reproducible. It was thus concluded
that anelysis of samples of fecal ash could be carried out with relieble though,
in some cases, somewhat inaccurate results, and that the presence of reasonable
quantities of any of the metels investigated could be reliably determined.

Review of the results of determinations of metals (Table XVII) in fecal ash
showed good agreement among the three samples. In each case approximately 40% of
the ash appeared to be accounted for. Compariscn of the results of this investiga-
tion with those of other workers (see Tables I and V) is difficult since all have
been caleulated on different basest 1le.e., welght excreted in 24 hrso,Jpg./kga of
body weight per day, and.pg./gm. of dried feces. Recalculation of all results on the
basls of gms of mineral excreted per day in 150 gm. of feces by a 158 lb. average
man, yielded the figures shown in Table XVIII, The great similarity between columns
(1) and (2) indicates that certain of these results may be from the same source.
They differ from those of the present investigation in that much less calcium, iron
nickel and cobalt were found. No information was given for lithium and strontium.
The large quantity of calcium found in the current work can prcbably be explained
in that the subject from which the feces was collected drinks at least a quart of
milk a day.

The guantity of each mineral found in fecal ash is given below.

Sodium 3435 }ug./gm. dried feces
Potassium 8824 pg./gm. dried feces
Magnesium 7657 pg./gm. dried feces
Calcium 35740 pgu/gm. dried feces
Nickel B85 ng./gm. dried feces
Lithium T30 pg./gm. dried feces
Strontium (one determination) - 179 ,pgo/gm. dried feces
Manganese 10441 jge/gms dried feces
Cobalt 42.5 nge/gm. dried feces
Copper 31.5 }ug./gm. dried feces
Iron BT3.3 pg./gm. dried feces

I{ is recognized that analysis of other fecal semples can be expected to yield quite
different quantities of these substances., It is, however, helieved that a successful
method for their isolation and determination has been established.
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4e The Possible Butritional Value of Human Fecal Minerals

=

It is generally stated (33) that the animal body requires calcium, magnesium,
sodium, potamsium, pnosphorus, sulfur, chlorine, iron, copper, iodine, manganese,
cobalt and zinc. This investigation has been concerned with only 9 of these sub-
stances.

Serious consideration of the possible value of these minerals and trace elements
as nutrients for man during extended space travel is very difficult since man's
minimum daily requirements for these substances are largely unknown.

The Recommended Daily Dietary Allowances of the Food and Nutrition Board-
National Research Council (1958) for calcium and iron are 0,8 gme and 10 mg.
respectively for adult human males. A daily allowance for copper of 1 o 2 mg.
for adults is suggested. It is well known that socdium, potessium and chlorine are
essential dietary constituents. However, particularly in the case of the trace
elements, little is known ahout the quantitative levels that are necesssry for their
essential physiological functions, or about their desirable dietary levels in man.
This is, of course, the information which is necesgsary in order to determine the
actual usefulness of these substances under the very limited and controlled conditions
of a closed ecological system that must exisd during spsce flights of very long
duration. The fact that many of the trace elements are widely distributed in nature,
and are thus constituents of man's ordinary diet, has made determination of minimum
daily reguirements an extremely difficult problem.

I{ is therefore clsar that an assessment of the degree of usefulness of fecal
minerals and trace elements during space flights of long duration cannot be made
at this time.
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SECTION V. - LIFIDS

EXPERIMENTAL PROCEDURES

1. Extraction of Lipid

Lyophilized feces (2 gm.) were treated socording to the method of Folch, Ascoli,
Lees, and Meath (16) with s total of 80 ml. of chloroform-methanol (211 V/¥). The
resulting mixture was filtered to remove insocluble nonlipid material, the filtrate
was poured intoc 500 ml. of distilled water, and the mixture allowed to stand 4 hrs.
at room temperature. The agquecus layer was removed and 30 ml. of absolute methanol
was added to the chloroform soclution. The resulting homogeneous solution was eva-
porated to dryness on a steam bath,.

2+ Saponification of Lipid

The dark colored lipid extract was treated with 20 ml. of 0.5 N methanolie
sodium hydroxide and heated under reflux for 1 hre The resulting mixture was ex-
tracted with petroleum ether to remove monsasponifiable substances. The aqueous
layer was stored overnight in refrigerstor and then acidified while ice-cold, with
2 to 5 ml, of 5 N hydrochloric acide The free acids were extracted with ether and
the resulting ether solution evaporated just to dryness.

3o, Preparation of Methyl Esters

The fatty acid isolate was jmmediately treated (37) with 20 ml. of 5% hydro-
shlorie acid in &y methanol (dried by refluxing with end distillation from calcium
oxide) and heated under reflux for 1 hr., Ethyl ether (40 ml.) was added to the
reaction solution at room temperature and the total solution was then extracted with
distilled water until neutral, The ether soclution was evaporated on & steam bath
and the light brown residue stored under refrigeration for analysis.

4. Gas Chromatographic Analysis of the
Methyl Esters of Fecal Fatty Acids

Gas chromatographic separation was carried out with a conventicnal apparatus
fitted with 100,000 ohm thermistors (Victory Engineering Corp., Union, New Jersey,
Type 4177), A 6uft. 6 mm. i.de. glass column containing Craig polyester succinate
on chromosorb W (60-80 mesh) (Wilkens Instrument Company, Walnut Creek, California}
wasoused at 1869C., Helium pressure 19 pes.i., flow 94 ml./min.,detector temperature
1979C.

Separation of standard mixtures (Applied Science Laboratories, Inc., State
College, Pa.) of authentic methyl esters (1 to 3 pl. samples) was carried out
initially in order to determine that satisfactory analyses would be obtained. The
retention volumes found for the known esters are given in Table XIX . Figure 10
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shows the expected linear relatibnship between the chain length of the esters and the
logqp of their retention volumes.

Separation of 3 pl. samples of methyl esters of fecal fatty acids showed the
presence of the components shown in Table XIX. OComparison of retention volumes with
those of known methyl esters indicated the presence of 1210, 1410, 15:0, 1630, 18:0
and 18117 acids.

RESULTS AND DISCUSSION

1. Investigation of Methyl Esters of Fecal Fatty Acids

A brief preliminary investigation of fecal fatty acids was carried out. Ex-
traction and saponification of lipids, and preparation and separation of the fatty
acid esters were carried out according to well lnown procedures (16, 3, 22).

By comparison of the retention wolumes of the fecal acids with those of known
samples (Fable XIX) it was concluded that palmitic (16:0) acid, oleic (18:179) acid,
gtearic (18:0) acid, myristic (14:0) acid, lauric (1210) acid, and n-pentadecanciec
(15:0) acid were present. Palmitic, olelc and stearic acids were the major components
present; while the other acids were present in very minor guantities.

2, EBvaluation of Fecal Fatty Acids

The results of this preliminary investigatlion are in agreement with those of
James (23) who has reported the nature of the free and bound fatty acids in human
fecal lipid. They are by no means as extengive, Since it is difficult to imagine
that fecal fatty acids could be useful sources of nutrienta and since James (23)
has provided knowledge of their composition, it was not considered worthwaiie to
pursue their investigation further. Isolation of these substances and their con=-
version to useful forms by methods simple enough to be carried out under conditions
of space travel seems unlikely.

SECTION VI. - GENERAL SUMMARY AND REVIEW COF
REMATNING FRCOBLEM AREAS

A literature survey and laboratory investigations of human feecal minerals and
trace elements and of a o¢rude fecal protein fraction have been carried out. These
subatances were chosen for study because they appeared to be possible sources of
materials which could be congidered to have potential "use" for men or plants during
space flights of long duration.

A major limitation of this investigation has been the inebility to Jjudge the
"asefulness" of fecal components. Substences must be of great use to the closed
ecological system which must exist in a spacesghip if their isolation and purification
for use by men or plants can be justified, One oannot assume that fecal components
resulting from today's normal diet will be obtained in the dietary regime of the space

24

RSN L Gy

B TR R




traveler, It has, therefore, been necessary to devise methods for the separation
and purification of, at present, qualitatively and quantitatively unknown substances.

In view of the complex biochemical system existing in feces and the inherent
difficulties encountered in isolation and identification of their components, it is
suggested that any future investigations should be carried out on feces resulting
from authentic space diets of the fype that persons on flights of long duration would
eat. If this were done & relatively realistic idea of the nature of available fecal
components could be obtained and better criteria of their "usefulness" could be
devised.
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TABLE I

Proximate Composition of Peces (5)

Component Woight Per cent of Total
Bulk 150

Water 99 66.0

o A R o

T e e e e L s i

Dry Matter
Pai
Protein
Nitrogen
Carbohydrate
Minerals
Sodium
Potassium
Calcium
Magneaium
Chloride
FPhogphorus
Sulfur
Trace Elementss
Copper
Iron
Lead
Manganese
Nickel
Zine
Arsenic
Vitemins (15)

Bile Pigments

(2)

27

0e12
0.47
0s64
0,20
0,09
0051
0e13

0.015

0s15

26

17.8

3.0

1.0

1.4

0.01
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TABLE II

Approximate Quantity of Fecal Components to be Processed

Period of Time:

1 Day (24 hrs.)

Component
Bulk

Water
Dry Matter
Fat
Protein
Nitrogen
Carbohydrate

Minerals and
Trace Elements

Vitamins
B Vitamins

Bile Pigments

1 Man 3 Men
150 gnme 450 gm.
9% 297
27 81
405 1345
Not Reported
1.5 45
Not Reported
2,1 663
0,015 04045
0.15 0045

20 Men
3000 gm.
1980
540
90

30

42

Qo3

340
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TABLE III

Comparison of Composition of Bound, Free, and Total Fatty Acids in Fecal Lipid

for a Normal Human (23}

Agid **
1010

1210

1410

Branched 15:0
1510

1610

Branched 1710
1710

1810

10-Hydroxy 18310
1431

1631

1811

Igomer 18t1
1812

1813

2013

2014

Other unsaturated

020 acids

Percentage of Aecids in Cg - Cpg Range

Free Bound Total
0.6 0 0.3
do3 202 393
809 4.4 606
CaT 1.1 0.9
1.4 101 . 1.2

5562 353 4502
09 104 152
0.4 0.8 0sb

1249 3148 2203
0.7 0.9 0.8
0 0 0
104 2.1 148
608 10.7 8e7
345 645 50
103 2.8 200
0 0 0
Trace* Trace* Trace*

Trace¥* Trace* Trace*

Trace* Trace® Trace*

#Trace indicates less than 0.5%.
**Number of carbons and double bhonds.
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TABLE IV

Some Microbiologically Available Aminc Acids in Feces giil

Amino Acid ¥Wt. Present in Feces (gpprox. 900 gm.)
Methionine 0ef ~ 0.8 gm.

Lysine 1.9 = 2.9

Arginine 1.2 = 2,51

Higtidine 0ub = 0,8

Leucine 1.8 - 2.9

Iso~Leucine 1ad - 263

Valine 15 = 246

Threonine Tod = 2,2
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TABLE V

Anslysis of Protein Isclated from Infant Feces (1)

Aminog Acid
Threonine
Arginine
Histidine
Lysgine
Cystine
Methionine
Iso-Leucine
Phenylalanine
Tyrosine

Tryptophan

30

Amino Acid Nitrogen (Per cent of

Potal Protein Nitrogen)
640 %
1267
Sed
1644
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TABLE VII

Minerals and Trace Flements Excreted in Human Feces {2)

Subsgtance

Aluminum
Arsenic
Calcium
Chloride
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Phosphorus
Potaggivm
Silver
Sodium
Sulfur, total
Tin

Zinc

Amount: Mean Quantity and Range
Jig./kg. of body wt. per day)

0.6

33(1-116)

7490 (5000-10,000)
(210-500)

0.007 {0.002-0.02)
27 (23-37)

120 (65-208)

402 (2+2-19,8)
2500 {1510-3185)
(18-120)

014

(1e2=24.5)

9860 (7100-20,000)
6,700

0.8

14700

2000

(170-450)

100 (58-144)
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TABLE VIII

Isolation of Dehydrated Feces Homogenate

Raw Feces Faces Dried Per cent Dried Feces
Lyophilization Weight Homogenate Feces Yield Per cent N
(gm. ) (gme) (gmo
A 2063 60:5 11.8 19.5 5.9'1
6s1
B 40,0 80.0 1444 18,0 6.2 )
e 20,6 A2 9.2 2242 6.5
1845 3649 Te5 20.3 5.5
D 41.3 8245 10,0 1241 6.1
42.8 8546 11.4 132 6.1
E 375 T75.0 11.1 14.8 5.9
3545 71.0 10.5 14.8 5.9
F 40,0 80.0 1064 13.0 5eb
4060 80.0 10.8 13.5 506
Total 34665 692.7 1071 161.4 6043
Average 34.7 69.% 10.7 16.1 6.0

Average % N in feces on wet basis is 1.85% N.
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TABLE IX
; Fractionation of Jolvent-extracted gDafattsd) Dehydrated Feces
Per ogent of Total Nitrogen
Solvent Fraction Yield (%) Nitrogen (%) Hitrogen (mg.) in Defetted Fecal Material
A, Alkali 1; 27.65 13 5.50 1; 15,2 1; 21,5
Insoluble 2) 27.72 2 442 2) 12.2 2) 15.9
I, Dietnyl- B. Solution T — — 1; 42.5 13 6001 ‘
: sther 2) 63.5 2) @2.8 !
{16 hr. Nitrogen Tecovery from LE‘I; and B(1; = 81,62 %
extraction} Nitrogen recovery from a(2) and B(2) » 98.7%
G. Protein 1; 14443 1} 13.80 13 20,1 1; 29.3
Fraction 2) 13.98 2} 11.27 2) 19.8 2) 2h.8
H D. Solution IT - -— 1; 2544 1) 331
2) 29.% 2) 38.4
B
: Nitrogen recovery from 0%1} and DEH = 103.8%
? Nitrogen recovery from C(2) and D(2) = 77,38
Total nitrogen recovery in Fractionation 1 = 83.9%
Total nitrogen recovery in Fractionation 2 = 80.1%
£. Alkali 1; 34,24 13 5489 13 20,2 1% 2444
Ingoluble 2) 26.86 2) 4.80 2) 12,9 2) 15.6
II, Ether B, Solution I — -— 1) 56.0 13 6748
i (8 hra,) 2} T3 2) Bba1
followed by Nitrogen recovery from A{1§ and Bi‘l; - 92,25
Nitrogen recovery from A(2) and B{2) = 10%.7%
Ethangl C. Protein 1% 16,89 13 13,40 1; 23.5 1) 28,4
{B Hrs,) Fraction 2) 18,52 2) 11,10 2) 25,5 2} 30,8
D, Solution II J— - 1} 3946 1) 47.9
p 2) 29,5 2} 35.6
#itrogen recovery from 9(13 and D(1§ = 112.6%
; ¥itrogen recovery from C(2) and D(2) = 77.1%
Total Nitrogen Recovery in Practionation 1 = 100.7%
Total Nitrogen Recovery in, Fractionation 2 =  B2.0%
A+ Alkali 1) 35.81 1) 659 1) 23,3 1) 24.8 :
: Insoluble 2) 26,36 2)  4.98 2) 10.2 2) 13.9 3
III, Absolute B. Solution I -— — 1) 67.0 1) T
; Ethsnol 2) 68,4 2) 93,2
(16 hre.) Nitrogen recovery from A?} and BE‘Ig = 95,9%
Witrogen Tecovery from A(2) and B(2} = 107.1%
C. Protein 1; 25,7 1; 12,52 1; 33,5 1; 35,6
; Fraciion 2 21.07 2 11,26 2 25,0 2 31.4
DT. Solution II — — 1; 29.5 1) 21,3
2) 23.2 2) 31.6

Nitrogen recovery from CG(1} and D§1 = 94.71%
Nitrogen Tecovery from C(2) and D{2) =~ 67,61

Total nitrogen recovery in Fractionation 1 = 99,7%
Total nitrogen recovery in Fractionation 2 = 76.%%
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TABLE XI

AR R TR T 2

Miorobiological Determination of Component
Amino Acids of Crude Fecal Protein g

L o P S LR e i

Per cent Per cent
Amino Aeid Amino acid Amino acid (am.)

Aocid 4n protein N of total N per 16 gm, N 3
Lysine 660 9.6 8.0 ?
646 1045 8.7
Leucine 549 563 Te9 ‘
548 5e2 7.8
Iso-Leucine 4.7 402 6e3
407 402 633 ;
Phenylalanine 3.5 2.5 4.7
345 2.5 4.7
Methionine 1.9 145 2.6 ;
2.0 166 267 ;
Arginine 4e3 11.5 547
4.3 1145 5¢7
Valine 6ed | 6ed 843
6.6 645 848
Histidine 149 4o2 245
1.9 42 265
Threonine 2.8 2,8 367 !

209 2.8 309

Tryptophan 0453 0e61 0.T1

0.50 0u57 0,67

Pyrosine 1.4 0.90 1.9
1.4 0.90 19 :
Cystine 0045 Oe44 0,60 }
0045 0444 0460
0.48 0a47 0.64
36
E




TAELE XTI

Component Amino Acids of Fecal Protein

Determined by Amino Acid Analyzer

Quantity of Component Amino Acids Recovered
Quantity of Component Essential Amino Acids
Determined

Per cent Essential Amino Acids in Crude Fecal Protein

0.855
3.7

1,684
309

x 100 = 22.6%

Per cent Total Aminc Acids in Crude Fecal Protein
x 100 = 47.0%

Per cent Essential Amino Aoids in Total Acids

0.855
1.84

x 100 = 48,0%

nun n 8

0.855 nge

Per cent Total Amino Acide in Fecal Protein Hydrolyzate

1.8
2025

2.01
2.25

x 100 = 82,0%

Per cent of Fecal Protein Hydrolyzate Accounted For
x 100 = 89,54

31

. Per cent £me Amino Acid

Amino Acid 1 Mole Mz, of Protein per 16 gm. N
Lysine 0.816 00150 308 5.1
Histidine 0s240 0.050 1.3 1.7
Ammonia 32350 0,178 dab -
Argin:ine 00439 00093 204 3:2
Agpartic acid 1,800 0250 bed 8.5
Methicnine 0.009 0+004 - -

sulfoxide
Threonine 0.803 0,096 245 363
Serine 0¢784 0-082 2q1 2.8
Glutamie acid 1740 0.129 a3 444
Proliine 0.938 0,108 2.8 3.7
Glycine 1,290 0,097 245 3e3
Alanine 1.560 0-139 3.6 4-8
Valine 1 0060 Os1 24 3.2 4.3
Methionine 04359 0.053 1s4 1.9
Iso-Leucine 0800 0.105 2.7 3.6
Leucine 1 0275 00167 403 507
Tyrosine 0.508 0.092 244 382
Fhenylalanine 0,594 0,098 2¢5 363
Allo Iso-Leucine 0e015 0,002 - -
TOTALS 26017 mg. 47.2%
Quantity of Crude Fecal Protein Hydrolyzed 3491 mg.
Quantity of Fecal Protein Hydrolyzate Analyzed 2425 g
Quantity of Fecal Protein Hydrolyzate Recovered 2,01 mgs

2¢01 = 00178 = 1-84 N
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Lyophilization of Raw Feces

TABLE XTIV

Raw Lyophilized
Feces Feces Feces Per cent
Preparation Weight Homogenate Weight Yield
(an. ) g ) g1 )

II 3640 71.9 8.9 24.7
III1 4544 90.7 1.6 2546
I11, 3942 T8e3 9.7 24.8

IV, 39¢4 7847 10.3 26,2

IV, 4303 8646 1243 28.4

Va 45.2 90.3 1146 257
Vo 4445 89.0 10.4 2304
Total 293.0 585.5 T4.8 178.8
Average 41.8 B83.6 1047 25.6
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TABLE XVI

Flame Spectrophotometric Determination of Certain Metals in Chromatographic
Fractiona Obtained from a Known Mixture

Amount Amcunt Per cent

Metal Present Found Recovery
(nee) (pge)

Sodium 2,000 25,013 101
Potassium 5,000 5,007 100
Magneaium 8,000 7,696 9.1
Nickel 200 178 89.0
Calcium 12,000 11,833 98.T
Strontium 50 36,6 7343
Manganese 50 46.9 93.8
Cobalt 50 Not Reproducible
Copper 50 5366 107
Iron 400 % 3T 94.5
Li thium — _ _
* Not in kmown mixture as was not expected to be found.
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TABLE XIX

Gas Chromatographic Separation of Methyl Esters of Known and of Pecal Fatty Acids

Acid

n

n

n

- Hexanoie
= Octanoic
- Nonanoic

Decanoic

Undecancic

Dodecancio

Tridecanoic

Tetradecancic

(Myristic)

Pentadecanoic

Hexadecanocic
(Palmitic)

« Heptadecanoic

= Octadecancic
{Stearic)

- Octadecenoic
(Oleie)

= QOctadecadiencic
(Linoleic)

- Nonadecanoic

Pecal Acids

1

[+ LU N~ S ]

Shorthand
Designation

6:0
8:0
910
1010
1130
1210
1310

1430

1530

1610

1710

1850

18112

18129512

19:0

44

4

min, )
1485
3620
4,30
5085
8.05
11425
15460

21.80

30.40

41490

58.00

81.60

90.40

108,40

102,70

11,05
21415
29435
41415
7975
B8.75

Retention Volume

;
179.0
39840
416.0
660.0
77840

10890
1510,0

2109,0

2940.0

4060,0

5610,0

7890.0
8740.0
10490.0

9920.0

1069,0
2045.0
2840.0
3980.0
772040

8580,0

Log1o¥R
24253
2,600
2,619
2.820
2.891
3,036
3179
34340

3,468

3,680

3743
22897

3.941

40,023

34996

5250
34311
34453
30600
3.906
34934

A A

SN T S T i T e




Defatted Foces

2N Sodium hydroxide

Alkali Inscluble Solution 1
Fraction
(Residue 1) pH brought
to 3.5-4

PrLto!n Fraction
Solution 2

{Reaidue 2)

Figure 1. Procedure for Isolation of the Protein Fraction from
Solvant-extracted Dehydrated Feces
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Figure 2. Schematic Repressentation of a Paper Chromatographic Separstion of the

Component Amino Acids of Fecal Protein

Solvent: n-Butanol:acetic acidmwater (25:6:25, v/v)
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Figure 3. Schematic Fepresentation of a Paper Chromatographic Separation
of the Component Amino Acids of Fecal Protein

Solvent: Phenol {88%): 2-propanol water (5:l:l, v/v)
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