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MEAT EXTRACTS, THEIR COMPOSITION AND IDENTIFICATION
By JAMES A. EMERY, Senior Biochemist, and ROBERT R. HENLEY, Biochemist, Biochemie Division, Bureau of Animal Industry, United States Department of Agriculture
INTRODUCTION

The historical aspect of meat extract has been presented so extensively
in the numerous articles which from time to time have appeared in the
literature that it is not considered necessary in this paper more than to
refer to that phase of the question. As is well known, this product, now
so generally used, owes its origin to Liebig, the chemist whose process
for its preparation, as modified by Pettenkofer, has been in use in one
of the large commercial houses ever since 1864.
In the method of preparation as originally described, muscle tissue
alone was used for extraction, but in more recent years various influential
factors, the foremost being the utilization of waste products, have caused
many of the manufacturers to adapt the principles of the original process
to the preparation of extracts from edible portions of the carcass other
than true muscle tissue, fivers, spleens, hearts, cured-meat cook water,1
roast-beef soak water, and bones to which more or less meat is adherent,
are among the materials now employed, and the food analyst of to-day
is confronted with many difficulties in his attempts to establish the
identity of an extract under examination.
This investigation, therefore, was undertaken with the view of obtaining information regarding possible differences in composition of the
various extracts that might be applied in formulating methods for their
identification.
PREPARATION OF EXTRACTS
COMMERCIAL METHOD

Extracts of the various tissues and organs, such as chuck and plate
(representing true muscle tissue), cured meat, bones (with and without
adherent meat), hearts, livers, spleens, etc., were prepared, under the
direct supervision of one of the authors, in the meat-extract department
of one of the large commercial establishments. The method of preparation in each instance was that ordinarily used in the establishment, and
1
Extracts were also prepared from the pickle in which the meats were cured, but the use of this material
has been discontinued.
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to all intents and purposes was practically the same in its essential
features as that in use in the general commercial preparation of these
articles. For the purpose of clarification "roast-beef soak water,"
"defibrinated blood," and "blood water," were added during the process
of manufacture in all cases with the exception of the extracts prepared
from cured meat. The comparatively large quantities employed of
these agents necessarily influenced the composition of certain of the
extracts, particularly those prepared from livers and spleens, and extracts
of the various organs and tissues, therefore, were prepared in the laboratory, the method followed being nearly identical with the commercial
process. Practically the only exception was the replacement of the
materials commercially used in clarifying the extracts with those of a like
composition, equally eflicient, but derived from the specific tissue or
organ under investigation. A detailed description of the laboratory
process follows.
LABORATORY METHOD
The finely minced material from which the extract was prepared was
placed in a large tin-lined box and iced water added until the minced
meat was well covered. The box with its contents was then placed in
the refrigerator where it was allowed to remain overnight, when the
resulting "soak water" was drawn off and reserved for clarifying purposes. The partially extracted minced meat was then transferred to a
large open kettle provided with a perforated steam coil, an equal weight
of water added, and steam slowly applied, the temperature being gradually raised to 95o to 97o C, and the liquid kept in constant agitation
by the entrance of the steam from the perforated pipe.
This extraction was continued for 45 minutes, after which the liquid
was drawn off, cooled, and transferred to an evaporating kettle provided
with a closed-coil steam pipe. The "soak water" obtained as above
was then added, the whole brought to a boil, and the evaporation continued until the liquid was reduced to two-thirds of its original volume,
the coagulable proteids which form a scum upon the surface of the liquid
being removed from time to time. After this concentration the liquid
was filtered and transferred to a vacuum kettle where it was evaporated
under reduced pressure until the extract was of the desired consistence.
This method yielded extracts identical in physical appearance and órganoleptic properties with those obtained by the commercial process.
As it was also considered desirable to obtain data regarding possible
differences in extracts prepared from cold and hot water extractions,
the process described above was modified in the case of chuck and piale
extracts prepared in the laboratory. Chuck and plate extract 29 was
prepared by repeatedly exhausting the minced meat with large quantities of cold water and then concentrating the extract. Chuck and
plate extract 30 was prepared by placing the minced meat in an equal
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quantity of cold water, bringing the whole rapidly to a temperature of
95° to 97o C, where it was kept for 45 minutes, after which the liquor
was drawn off and reduced by evaporation to the desired concentration.
It may be noted here that the two laboratory-prepared bone extracts.
Nos. 27 and 28, were made by long-continued boiling of bones from
which all meat had been removed.
List of extracts prepared
Commercially.

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

In the laboratory.

Beef spleens.
Hog spleens.
Roast-beef soak water.
Hog livers.
Bare beef bones.
Regular bones.
Beef livers.
Pickle.
Beef hearts.
Chuck and plate.
Corned-beef cook liquor.

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Beef spleens.
Beef spleens.
Hog liver.
Beef spleens.
Hog liver.
Beef hearts.
Bones.
Bones.
Chuck and plate.
Chuck and plate.

QUANTITATIVE INVESTIGATION OF EXTRACTS
METHODS USED
In the analysis of the foregoing extracts the methods used were essentially those described by Street (8)1 and, in brief, were as follows:
A 10 per cent solution of solid extract or a 20 per cent solution of
liquid extract was used for the following determinations:
1. WATER.—The water representing the degree of concentration of
the extract was determined by placing 20 cc. of the solution in a 100
cc. glass-stoppered weighing bottle containing 20 gm. of asbestos, and
drying to constant weight in a vacuum of 30 inches at a temperature of
60o to 65o C.
2. ASH.—Ten cc. of the solution in a tared porcelain dish 2 were
evaporated to dryness upon the steam bath, thoroughly carbonized at
a low red heat, macerated with water, filtered, and the residue thoroughly
washed and ignited. The filtrate was then added to the ignited residue
in the dish, the whole evaporated to dryness upon the steam bath,
ignited at a low red heat, and weighed.
3. SODIUM CHLORID.3—After weighing, the ash obtained was dissolved
in water with the aid of a few drops of nitric acid, diluted to 100 cc,
an aliquot taken, and chlorin determined by the Volhard method.4
1
Reference is made by munber (italic) to " Literature cited," p. 17.
* Porcelain was used instead of platinum in order that the possibility of volatilization of chlorin would
be reduced to a minimum, as the ash was later utilized in the chlorin determination.
»Chlorin may be determined separately according to the method adopted by.the Association of Official
Agricultural Chemists. (2).
4
Only a small portion of the chlorin of the ash of meat extracts is due to sodium chlorid, the greater
portion being combined as chlorid of potassium (8). Allen (1) makes an allowance of 0.06 per cent sodium
chlorid for every unit per cent of dry matter present, considering the excess as added salt.

4
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4. ToTAiy PHOSPHORIC ACID.—Five cc. of the solution were digested
with 15 cc. each of sulphuric and nitric acids until colorless (nitric acid
was added from time to time when necessary), 20 cc. of water were
added, and the solution boiled in order to expel any oxids of nitrogen.
It was then diluted with water, a slight excess of ammonium hydroxid
added, after which it was rendered slightly acid with nitric acid, and
phosphorus determined (2).
5. INORGANIC PHOSPHORIC ACID.—Ten cc. of the solution were
diluted with from 20 to 30 cc. of water, boiled three minutes, two drops
of acetic acid added, the boiling continued for a minute, cooled, and
diluted to 100 cc. The solution was then filtered, a 50 cc. portion
was made faintly alkaline with ammonium hydroxid, and the phosphoric
acid precipitated in the usual manner with magnesia mixture. After
standing for two hours or longer the precipitate was filtered off, washed
with water containing 2.5 per cent of ammonia, and dissolved in dilute
nitric acid. The phosphoric acid was then determined as in total phosphoric acid.
6. ToTAiy NITROGEN.—Nitrogen was determined by the Gunning
method, using 10 cc. of the solution.
7. SOLUBLE NITROGEN.—A portion of about 15 cc. of the solution
> was centrifuged until clear, the clear liquid poured off, and the nitrogen
determined in a 10 cc. portion.
8. COAGULABLE NITROGEN.—Fifty cc. of the solution in a glass evaporating dish to which 50 cc. of water were added were evaporated on the
steam bath to one-half volume; 0.5 cc. of a 10 per cent solution of acetic
acid was added, heating was continued for 15 minutes, the coagulable
albumen was filtered, washed, and nitrogen determined in the residue
on the filter.
9. AMMONIA NITROGEN.—The ammonia nitrogen in these extracts
was determined by the magnesium-oxid method, but the more recent
and exact Folin method (6) is recommended.
10. NITROGEN PRECIPITATED BY ZINC SULPHATE.—Twenty-five cc.
of the original solution were placed in a 50 cc. graduated flask, 1 cc.
of a 50 per cent sulphuric-acid solution was added, with zinc sulphate
enough to saturate the solution, after which the flask was filled to the
mark with a saturated solution of zinc sulphate. After 18 hours it was
filtered and the nitrogen determined by the Gunning method in 20 cc.
of the filtrate, corresponding to 10 cc. of the original. The total nitrogen
of the extract, less the sum of the coagulable, insoluble, and zinc-sulphatefiltrate nitrogen represents the nitrogen of the zinc-sulphate precipitate.
A control determination of the nitrogen of the precipitate was also
made.
11. NITROGEN PRECIPITATED BY TANNIC-ACID-SALT SOLUTION.—
Twenty cc. of the original solution were placed in a 100-cc. graduated
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flask, 50 cc. of a saturated sodium-chlorid solution were added, and the
flask filled to the mark with a 24 per cent solution of tannic acid. After
a thorough mixing it was placed in the ice box and allowed to stand overnight; any loss in volume due to contraction was corrected by the
addition of the tannic-acid solution. On the following day it was filtered,
the solution being kept in the ice box during filtration, and 50 cc. of the
filtrate, corresponding to 10 cc. of the original, were transferred to a
Kjeldahl flask and evaporated to dryness on the steam bath with the
aid of a current of air. The nitrogen in the dried residue was determined
by the Gunning method and control determinations made on the reagents used.
Nitrogen in the tannic-acid-salt precipitate was obtained by subtracting
the sum of the tannic-acid-salt filtrate and the coagulable and insoluble
nitrogen from the total nitrogen.
12. "MSAT-BASE" NITROGEN.—This was obtained by subtracting
the sum of the coagulable, insoluble, ammonia, and tannic-acid-salt
precipitate nitrogen from the total nitrogen.
13. NITROGEN DUE TO PEPTONE-UKE BODIES.—This was found by
deducting the proteose nitrogen obtained by precipitation with zinc
sulphate from the total quantity of nitrogen precipitated by the tannicacid-salt reagent.
14. NoNNiTROGENOUS ORGANIC MATTER.—This was determined by
difference. From the ash-free total solids was deducted the sum of
the products of the*'meat-base" nitrogen X 3.12 and the nonmeatbase nitrogen X 6.25.
15. PURINS (J).—Three gm. of the sample were dissolved in 500 cc.
of a 1 per cent solution of sulphuric acid and heated for four hours in an
open dish on the steam bath. (At the end of this time about 75 cc. should
remain.) It was then neutralized with caustic soda, with litmus paper
as an indicator, transferred to a beaker, and 15 cc. of a 15 per cent solution of sodium bisulphite and 15 to 20 cc. of a 15 per cent solution of
copper-sulphate solution were added. This was allowed to stand overnight, filtered, washed with dilute copper-sulphate solution, and the
precipitate then washed with hot water from the paper into the original
beaker. The contents of the beaker were brought to the boiling point
and sodium sulphid added to precipitate all of the copper. It was then
placed upon the steam bath for several minutes, made acid with acetic
acid, and allowed to settle thoroughly, after which the precipitate was
filtered off, washed with hot water, 10 cc. of 10 per cent hydrochloric
acid added to the filtrate washings, and the solution evaporated to dryness on the steam bath. Ten cc. more of 10 per cent hydrochloric acid
were added and digestion was continued until the bases in the residue
were dissolved. It was then filtered, washed, the filtrate made alkaline
with 25 cc. of concentrated ammonium hydroxid, 10 cc. of a 3 per cent

6
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ammoniacal silver-nitrate solution added, allowed to stand overnight,
filtered on the following morning, the residue on the paper washed until
all traces of ammonia were removed, and its nitrogen content determined.
16. CREATININ.-—The method of Folin as modified by Emmett and
Grindley (5) was used. An aliquot free from coagulable and insoluble
nitrogen and containing from 7 to 15 mgm. of creatinin was placed in a
500 cc. flask, 15 cc. of picric acid and 10 cc. of a 10 per cent solution of
sodium hydrate added, allowed to stand for five minutes, being agitated
several times in the interim, and then diluted to 500 cc. After mixing,
a portion of the solution was poured into one tube of a Duboscq colorimeter and compared with NI2 potassium-bichromate solution contained
in the other tube, the scale of which was set at 8.0.
Creatinin was calculated by the following formula :
r 8.1
y Volume"! s.
IR^Lding X"~5oo J

IO

_^ milligrams of creatinin in the
"
aliquot taken.

17. CREATIN.—To 5 cc. of the extract in a 50 cc. graduated flask,
10 cc. of Nj 1 hydrochloric acid and 5 cc. of water were added, and the
solution heated in an autoclave at 1350 C. for 30 minutes. It was then
cooled, 10 cc. of Nji sodium hydroxid added and the solution made to
volume with water. An aliquot was taken and creatinin determined as
above, with 30 cc. of 1.2 per cent picric acid and 10 cc. of a 10 per cent
solution of sodium hydroxid as suggested by Emmett and Grindley (5),
the result so obtained representing the total creatinin—creatinin due
to creatin and to preformed creatinin. The difference between the total
creatinin and the preformed creatinin multiplied by 1.16 represents the
creatin.
18. NITRATES.—To a few drops on a porcelain spot plate of a reagent
containing 0.1 to 0.2 gm. of diphenylamin (4) in 100 cc. concentrated
sulphuric acid were added a few drops of the extract solution. In the
presence of nitrates a blue color developed. They were then quantitatively estimated by the Schlossing-Wagner method (9).
DISCUSSION OF QUANTITATIVE REÎSUI/fS

The results of the quantitative chemical examination of the extracts
are presented in Table I and, calculated to a water-free basis, in Table II.
In Table III differences in the forms of nitrogen are shown. The percentages of creatin and creatinin appear in Table IV together with the
ratio between total nitrogen and the sum of the creatin and creatinin.
The percentages in this table are also/calculated on a water-free basis.
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TABLE

Extract No.

III.—Distribution of nitrogen in meat extracts

Method of
preparation.

19. Chuck and plate
I Commercial..
29. Chuck and plate
Laboratory...
do
30. Chuck and plate
12. Roast-beef soak water.... Commercial..
20. Corn-beef cook liquor.
do
do
14. Beef bones
do
IS- Beef bones
do
I?« Pickle
l8. Beef hearts
do
26. Beef hearts
Laboratory...
10. Beef spleens
Commercial..
11. Hog spleens
do
21. Hog spleens
Laboratory...
22. Hog spleens
do
24. Hog spleens
do
13. Hog liver
Commercial..
16. Beef liver
do
23. Hog liver
Laboratory
25. Hog liver
|
do
Averages:
Chuck and platç, bones, liquors
Hearts
Spleens
Livers

Total nitrogen inNonTotal
nitrogZinc- Tannioenous nitrogen. sulphatej
"Meat
salt
matter.
precip- precip- base."
itate.
itate.
Per
cent.
24. 20
28. 02
14.70
19.70
28. 21
I9.I7
21. 02
29.30
29.74
32.57
24.07
25.23
24.79
23-51
24. II
44.96
40. 02
3O.54
48.79

Per
cent.
IO.08
9.69
II. 67
8.99
9-23
9-47
9-59
7.60
9. 02
8.77
9.98
9-38
9.98
10.77
9.07
6. 00
6. 42
8. 14
6.52

22.23
3I-65
24-34
41. 22

9.81
8.89
9.81
6.77

Per
cent.

9-35

Per
cent.
44.13
27.86
48.87
44.05
41.04
47.96
44-49
34.71
39-99
30.76
51.81
52.45
56. 10
44.63
55-54
53-33
57-29
58.37
52.30

Per
cent.
50.98
63.56
43-74
49-94
50. 13
43-90
50. 01
57-20
53-62
55-97
41.68
41.68
30.87
40.37
36.91
43.16
41.72
31.06
41.10

15.90
14. 17
24.76
21. 10

42.63
35-33
52. 10
55.32

50.32
54-79
38.30
39.26

I

7-75

21-57
10.34
17. 21
13-58
15. 00
11.31
17.17
11.17
30.07
26. 53
23-74
22. 36
21. 14
18.66
32.23
24.19

In consulting these tables it will be noted that the percentage quantities of certain constituents show marked and characteristic differences,
depending upon the nature of the extract. The most striking variations
are the figures representing total nitrogen, "meat-base" nitrogen,
creatinin, and nonnitrogenous organic matter. Differences in the
amounts of the other constituents, with the exception of the ratio of
total phosphorus to inorganic phosphorus, are not considered sufficiently
marked to justify their being used, and attention is directed to the
following results:
1. TOTAL NITROGEN.—-This was found to be very low in liver extracts,
as compared with other extracts. The percentage of total nitrogen in
one of the liver extracts (No. 23) is much higher than that of the remaining three, but is, nevertheless, lower than that of any of the other
extracts with the exception of the pickle extract. Chuck and plate
extracts contain the largest quantity of nitrogen, with spleen extracts
next. The other extracts vary between 9 and 10 per cent total nitrogen
with the exception of the pickle extract, which is very low (7.60 per
cent).
108121°—19
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TABLE

IV.—Distribution of creatin and creatinin (water-free basis)

Extract No

Method oí
preparation.

Commercial...
Chuck and plate
Chuck and plate
Laboratory
do
Chuck and plate
Roast-beef soak water....
Commercial...
Corn-beef cook liquor....
....do
....do
Beef bones
....do
Beef bones
....do
Pickle
....do
Beef hearts
Laboratory
Beef hearts
Commercial...
Beef spleens
....do
Hog spleens
Laboratory
Hog spleens.
do
Hog spleens
....do
Hog spleens
Hog liver
Commercial...
Beef liver
....do
Hog liver
1
Laboratory....
do
25. Hog liver
Averages'.
Chuck and plate, bones, liquors
Hearts
Commercial spleens
,
Laboratory spleens
.
Commercial livers
,
Laboratory livers

19.
29.
30.
12.
20.
14.
15i?18.
26.
10.
11.
21.
22.
24.
1316.

vol. xvii. NO. t

Total
nitrogen.

Creatinin.

Ratio of
Total creatin
creatin plus
plus
creacreatinin
tinin. to nitrogen.

Per ct. Perct. Perct. Perct. Perct.
10. 08 2. 00 5-69 7.69 0.763
9.69
.41 7-32 7-73
•797
11. 67 3-43 2.97 6.40
.463
.89 6.94 7.83
8.99
.870
1.36
4.
02
9-23
.583
5.38
1.38 6.18 7-56
.798
8.
19
6.60
.854
1-59
.28 3.48 3-76
•493
1. 26 4.63
5.89
•653
8.77
1. 60 6.64 8.24
•939
.88 1. 70 2.58
.258
9.98
1.50 2.23
•237
•73
9.38
. 024
.24
. 01
9.98
•23
. 022
. 01
.24
10.77
•23
9.07
•34
•037
•03
•31
I
.61
6. 00
.366
-59 2. 20
.89 1.54 2.43
6. 42
.368
8.14
.04
•43
•39
•053
.24
.04
.28
6.52
.043
9.81
8.89
9.68
9.94
6. 21
7-33

7-25
7.06
2.40
•27
2.31
.36

• 73»
.796
.248
.031
.367
.048

2. NoNNiTROGENOUS ORGANIC MATTER.—As will be noted in Table III,
liver extracts, as compared with the other extracts, are extraordinarily
high in nonnitrogenous organic matter, containing, with the exception
of extract 23, more than 40 per cent. Heart extracts (containing 30 per
cent) more nearly resemble liver extracts.
3. "MEAT-BASE" NITROGEN.—The determination of total nitrogen and
of "meat-base" nitrogen enables one with a fair degree of certainty to
differentiate liver extracts and spleen extracts from each other and from
other extracts as well. While liver extracts and spleen extracts differ
from other extracts in showing a low percentage of " meat-base " nitrogen,
they differ from each other in that the spleen extracts show a high total
nitrogen, whereas the total nitrogen of liver extracts is low.
In liver extracts the "meat-base" nitrogen constitutes only about 40
percent of the total nitrogen, while in other extracts, with the exception
of spleen extracts, the figure is nearer 50 per cent. Particular attention
is called to liver extract 23, which contains 8.14 per cent total nitrogen
and pickle extract 17, containing 7.60 per cent total nitrogen. Although
the pickle extract contains much less total nitrogen than the liver extract,
amuch larger proportion of this nitrogen (57.23 per cent) is "meat-base"

Apr. is, 1919 Meat Extracts y their Composition and Identification

11

nitrogen. In the liver extract the " meat-base " nitrogen constitutes only
31.08 per cent of the total nitrogen.
Chuck and plate extract 30 is much lower in "meat-base'' nitrogen
than the other chuck and plate extracts. This is exceptional and is
undoubtedly due to the laboratory process used in its preparation, the
extraction having been made entirely with hot water. (See p. 2.)
4. PROTEOS^ NITROGEN (zinc-sulphate precipitate, Table III).—Although the quantity of the proteose nitrogen varies from 9.35 to 32.23
per cent of the total nitrogen, the amounts in any one kind of extract are
not sufficiently constant to render the figure of any value in the identification of extracts. On the whole, however, liver and spleen extracts are
somewhat higher in that constituent than other extracts. This factor is
probably influenced more by the process used in the preparation of the
extract than by the material from which the extract is made.
5. CREATIN AND CREATININ.—It is in the total creatinin content of the
various extracts that the greatest and most uniform differences occur.
The sum of the quantities of creatin and creatinin, together with the
ratio between this total and the total nitrogen of the extracts, is shown
in Table IV. It appears from these results that a determination of the
total creatinin will suffice in any case to classify an extract, if pure, as a
liver or spleen extract, on the one hand, or as a true meat extract on
the other.1
It will be noticed at once that the liver and spleen extracts prepared
under commercial conditions contain about 10 times as much total creatinin as the laboratory extracts, attributable to the creatinin of the roastbeef soak water, defibrinated blood, and blood water used in clarifying
these extracts. However, even though these commercially prepared
liver and spleen extracts are relatively high in creatinin, they are, nevertheless, much lower than any of the other extracts. The greatest quantity of creatinin found in any of the liver and spleen extracts is 2.58 per
cent and the highest total creatinin—total nitrogen ratio—0.37, while the
smallest amount of creatinin in the other extracts (except the pickle
extract) is 5.38 per cent and the lowest ratio 0.46. From these results
it appears that all extracts of fresh flesh, with the exception of extracts
of liver and spleen, contain more than 5 per cent of total creatinin.
6. PHOSPHORUS.—Rather marked differences occur in the amounts of
phosphorus found in the extracts as well as in the relation existing
between the inorganic and total phosphorus present.
The extracts of pickle and of corned-beef cook liquor contain very little
phosphorus, about 2 per cent; none of the other extracts contain less than
5 per cent with the exception of spleen extract 10. The laboratory liver
extracts are noticeably high in phosphorus.
.
»
,
1
Extracts from bones as made commercially will show a relatively high total creatinin. This is due
to the fact that the commercial bone extracts are essentially meat extracts, most of the extractives in
them being derived from the adherent meat and the clarifying agents which are used, and not from the
bones themselves.
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Differences which are highly characteristic are found in the relation of total and inorganic phosphorus, the ratio of inorganic phosphorus pentoxid to total phosphorus pentoxid being much lower for
liver than for other extracts, the next higher being ' that of spleens.
Grouping these ratios, livers have a ratio lower than 0.65; spleens a
ratio near 0.7; hearts, chuck, and plate, and corned-beef cook liquor
run above 0.75 and nearer 0.8; and the ratio in the remaining extracts
is 0.90 or higher.
SUMMARY OF QUANTITATIVE DIFFERENCES

Liver extracts are low both in total nitrogen and ''meat-base'' nitrogen; have a low inorganic phosphorus to total phosphorus ratio, are very
low in total creatinin, and as a rule are Very high in nonnitrogenous
organic matter.
Spleen extracts are high in total nitrogen, low in "meat-base" nitrogen, very low in creatinin, and lower than other extracts, liver excepted,
in the inorganic-phosphorus to total-phosphorus ratio.
Heart extracts are low in total nitrogen as compared with chuck and
plate extracts, but much higher than liver. They contain considerable
nonnitrogenous organic matter, being next to liver extracts in this
respect. Heart extracts differ from liver and spleen extracts in total
creatinin and in <<meat-base,, nitrogen, the latter comprising at least
50 per cent of the total nitrogen in heart extracts.
Pickle and cured-meat extracts are readily identified by the presence
of nitrates, which are always present in such extracts. The quantity of
total phosphorus present in such extracts is very small. In other respects
cured-meat extracts are found to resemble true-meat extracts. Pickle
extracts contain rather less creatinin than true-meat extracts.
Chuck and plate extracts run high in total nitrogen, <<meat-base,,
nitrogen, and total creatinin and have a high inorganic-phosphorus to
total-phosphorus ratio.
The bone extracts prepared commercially 1 and the extract prepared
from roast-beef soak water resemble chuck and plate extract.
PHYSICAL CHARACTERISTICS OF EXTRACTS

In addition to the chemical differences which have been discussed
above marked physical characteristics of the extracts exist which in
many cases are so decided that workmen engaged in their manufacture
become very expert in identifying meat extracts solely by their physical
appearance. The properties upon which their judgment is based are
color, texture, and "shortness/' an extract being termed "short"
when it quickly and easily breaks upon testing its elasticity.
1
The bone extracts prepared in the laboratory have not been discussed, as they do not in the least resemble commercial bone extracts, and are included in Tables I and II merely as a matter oí general interest.
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Liver extracts are very dark brown, almost black, in color, are very
gummy—that is, they are not "short," and their solution in water is
dark red, with a trace of fluorescence.
Spleen extracts are light-chocolate to light yellow-brown in color
have a smooth texture, and are very "short."
Bone extracts closely resemble spleen extracts.
Other extracts, including heart extract, are darker than spleen extract,
but not so dark as liver extract. They are usually very "short," and
their solutions are dark, but are not fluorescent.
QUALITATIVE INVESTIGATION OF EXTRACTS
In addition to the quantitative differences in extracts qualitative
differences have been noted and, based on these differences, qualitative
tests have been devised for the identification of liver and spleen extracts
either when pure or in the absence of any considerable proportions of
true-meat extracts. In mixtures in which liver or spleen extracts are
present in only small amounts the tests are not entirely dependable,
although in such instances they are as reliable as any other known method.
ACETIC-ACID TEST

A qualitative test for the identification of spleen extracts was suggested by Robert M. Chapin, of the Biochemie Division, who noticed
that the addition of'an excess of acetic acid to a spleen extract resulted
in the formation of an abundant precipitate. Confirmation of this
observation was found in the literature, Hammarsten (7) stating that
spleens are characterized by a peculiar protein which is soluble in boiling
water, but which is precipitated by an excess of acetic acid.
Acting upon this information, the writers tested all the commercially
prepared spleen extracts (the laboratory-prepared extracts having been
exhausted in the quantitative investigation) with acetic acid in the
manner described below.
About 30 cc.of a 10 per cent solution of the extract under examination
are boiled, filtered, the filtrate cooled, and an equal quantity of a 10 per
cent solution of acetic acid added.
Extract No.

10.
11.
12.
13.
14.
15.
16.
18.
19.
20.

Beef spleens
Hog spleens
Roast-beef soak water
Hog livers
Bare beef bones
Regular bones
Beef livers
Beef hearts
Chuck and plate
Corned-beef cook liquor

Effect of acetic acid.

A dense, white precipitate.
A dense, white precipitate.
No effect.
A slight, dark precipitate.
No effect.
No effect.
A slight, dark precipitate.
No effect.
No effect.
A very slight yellowish precipitate.

H
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With spleen extracts only was a decided precipitate obtained. The
precipitate was Very bulky and yellowish white in color, easily distinguishable from both the slight, dark precipitate yielded by the liver extracts and the slight precipitate obtained with the corned-beef cook liquor.
Mixtures of varying amounts of hog spleens (No. n) and chuck and
plate extract (No. 19) were prepared and tested with acetic acid in the
manner shown above, in order to determine the delicacy of the reaction.
A precipitate was obtained in mixtures containing 5 per cent of spleen
extract, but the reaction was faint, and it was not until the mixed extract
contained a quantity approximating 20 per cent that a decided reaction
was obtained.
Since the above tests were made an extract has been received and
examined under the meat-inspection regulations which gave a positive
reaction with the acetic-acid test, although not resembling spleen extracts
in other respects.
An investigation by the field service of the Meat Inspection Division
disclosed that this extract was prepared from bones through long-continued extraction with boiling water. Inasmuch as bone extract
previously examined had not given the reaction, a laboratory investigation of this unusual feature was made, three bone extracts being prepared by extraction with boiling water for at least three hours. Upon
testing the finished products the reaction, which heretofore had been
limited to spleen extracts, was obtained. The precipitate from both
the spleen and these bone extracts appeared to be a mucin. From the
standpoint of- the food analyst the value of the test, however, is not
lessened, as the differentiation of bone extracts from other extracts,
including spleen, is readily made, which may be noted by comparing
the analyses given in Table V with those of other extracts previously
tabulated (see Table II)'.
TABLE

V.—Analyses of bone extracts
Kxtract 3.

Constituent.
Per cent.

Total solids
Ash
Sodium chlorid
Phosphorus pentoxid (total)
Nitrogen
Tannic-acid salt filtrate nitrogen .
Zinc-sulphate filtrate nitrogen ...
Total creatinin
Acetic-acid test
Molisch test

57-54
3-42
.81
.29

8.54
•35
3-23
None.
Positive.
Negative.

0

er cent.
62. 90
13.80

7.58
.49
7.90
1. 46
2. 21

None.
Positive.
Negative.

Per cent.

63-53
14.81

7-32

•59

10. 40
1.37

3.60
None.
Positive.
Negative.

While not applying to the real purpose of this paper, it may be of
interest to note that an extract of bone marrow failed to afford a precipitate with acetic acid.
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MOUSCH TEST

By determining the total creatinin content of an extract, the water
content being known, it can be definitely classified as either a true-meat
extract or as an extract of liver or spleen, and further, an extract identified
as having been prepared from either livers or spleens may be further
classified as either a spleen or a liver extract, depending upon the reaction
in the acetic-acid test. While the identity of a liver extract may thus be
established, qualitative tests confirmatory of the conclusions arrived at
through the quantitative examination were applied. A reaction based
on the occurrence in liver extracts of comparatively large amounts of
carbohydrates was suggested and the Molisch test was employed.
METHOD OF USING MOLISCH TEST.—One cc. of a 10 per cent solution
of solid or of a 20 per cent solution of fluid extract was placed in á graduated glass-stoppered cylinder of 25 cc. capacity, 9 cc. of concentrated
sulphuric acid were allowed to flow gently down the sides of the cylinder,
and 6 to 10 drops of a 20 per cent alcoholic solution of alphanaphthol
were then added. The stopper was inserted, and the contents of the
cylinder were thoroughly mixed. In the presence of carbohydrates a
persistent and intense reddish-purple to deep-violet color developed
immediately.
In the initial tests the color of the mixture in the cylinder was noted
one minute after shaking, and the contents of the cylinder were then
poured into 200 cc. of water, the color again being observed. It was
later found that a more satisfactory color test was obtained when the
mixture in the cylinder was allowed to stand overnight and observed
directly.
Extracts of known origin were tested with the results given in Table
VI.
TABU?

VI.—Results of Molisch test of meat extracts of known origin

Extract.

Method of prepa- Color on shaking.«* Color in water.«
ration.

Roast-beef soak water. . Commercial. . No color
do
do
Beef bones
do
do.......
Beef chuck
do
Beef spleens
Very
faint
purple.
do
do
Hog spleens
do
Beef liver
Strong
do
Pronounced..
Do
Laboratory... Very faint. . .
Beef chuck
Hog liver
Commercial.. Pronounced..
Beef melts (spleens).... Laboratory... Very faint. . .
do
Beef liver
Pronounced..
do
Do
.....do
do
do
Do

No color
do
do
Very faint
purple.
do
Strong
Pronounced..
Very faint
Pronounced..
Very faint. . .
Pronounced..
do
do

Color after standing.«

No color.
Do.
Do.
Do.
Do.
Strong.
Pronounced.
No color.
Pronounced.
Very faint.
Pronounced.
Do.

Do.

«In cases marked "no color" there was no trace of the characteristic purple-red color, but there was
usually a greenish-brown color.
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Mixtures of liver extracts with chuck and plate extracts in varying
proportions were prepared for the purpose of determining the delicacy
of the reaction, and it was found that the characteristic color was recognizable in an extract containing 20 per cent of liver extract; smaller
quantities gave a purple color, but it was not sufficiently distinct to be of
value.
In all cases where a positive reaction is obtained and in which the
other factors, such as creatinin, nitrogen, etc., indicate the absence of
liver extract, the sample should be examined for starch and cane sugar.
It may be stated that, aside from its value in indicating the presence
of liver extract, the Molisch test is necessary in a routine examination
for the rapid detection of carbohydrates which may have been added to
meat extracts.1 In the analyses of some hundreds of extracts a truemeat extract has never yielded a positive reaction with this test, and
whenever a positive reaction is obtained in an extract which can be
shown to contain no liver extract it is due to added carbohydrate. In
such instances the test should be supplemented with a more complete
examination to identify the carbohydrate thus indicated.
COPPER TEST

During the course of the investigation it was also noted that the ash
of liver extracts in every instance exhibited a more or less pronounced
greenish color, which was not observed in the ash of any of the large
number of other kinds of extracts examined. As the presence of copper
in livers has been demonstrated, it having been found even in the liver
of the fetus, the presence of copper in the ash of extracts other than
those prepared from livers should be considered. As practically all the
commercial extracts prepared from other tissues and organs underwent
the same course of preparation, and no copper was thus indicated in
the ash of any of the resulting products, it would seem that this test
would apply alone to the ash of extracts obtained from livers. If,
however, copper utensils are used in the preparation of an extract its
presence in limited amounts could probably be readily demonstrated by
chemical methods, but a greenish-tinted ash should always lead one to
suspect the presence of liver extract.
Procedure suggested in the identification of an extract :
1.
2.
3.
4.
5.
6.
7.
8.

Total solids.
Ash.
Sodium chlorid.
Total phosphoric pentoxid.
Inorganic phosphoric pentoxid.
Total nitrogen.
"Meat-base" nitrogen.
Preformed creatinin.

9.
10.
11.
i2%.

Creatin.
Molisch test.
Acetic-acid test.
Test for starch and sugar if a
positive Molisch test is given.
13. Test for nitrates.
14. Test of ash for copper.

* As an illustration of the value of this test, regardless of its value in detecting the presence of liver, several
extracts have been examined which conformed in every respect to pure-meat extracts with the exception
that they gave a positive Molisch test. Upon investigation the presence of sucrose was demonstrated.
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The quantities of insoluble, coagulable, and ammonia nitrogen are
so small in all ordinary extracts that they are determined only in case
they are indicated in extraordinary amounts. Should an extract show
an unusually high nitrogen content a study of the various forms of
nitrogen present is essential.
After an examination of an extract as suggested its accurate classification as a true-meat extract, as a cured-meat extract, as a compound
extract, or as an extract of liver or spleen is possible, and at the same
time the addition of foreign material, such as sugar, starch, or salt, will
be established.
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