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INTRODUCTION 

In view of the fact that meat is one of the mo st important articles 
in the diet of man, it is evident that th e marketin g of m eat should be 
under strict supervision in order that it may be in the best possible 
5anit::,ry condition when it reaches the consumer. Thi s is parti cularl y 
true when it is considered that m eat is an id eal medium for th e growth 
of microorganisms. Toxins and decomposition products formed by 
these microorganisms are undoubt eclly more o r less harmful to the 
human being. F or these reasons, it is important that some rapid t est be 
available, 'which can be applied t o det ermine whether o r not m eat has 
been handled under sanitary conditions and to det ermine whether the 
meat is strictly fr esh or whether it is in th e beginnin g stages o [ putre
fadion. It is the purpose o f th is work t o s tud y so me of th e t es ts which 
can and have been appli ed to meat and t o determin e, if possihle, one t o 
meet the above requirements. 

R eview of Literature 

In this discuss ion, it will be imposs ible to review all of the papers 
which have been published pertaining to the suhject because the entire 
fields of protein clecomposition and nitrogen metaboli sm of micro
organisms are concerned. The more important papers cl ealin g directl y 
with meat and a few of thos e concern ed with the o ther two fields will be 
discussed under the foll owing heacl s: 

a. Bacterial count. A limit ed number o f workers have attempted 
to apply the plate count to the inves tigation of th e sanit a ry condition of 
meat. Marxer (l), 1903, suggested a standard of 1,000,000 bacte ria per 
gram for the purpose of condemnation. His studies were all mad e on 
hamburger steak. 

Vi einzirl and Newton (2-3). 19] 4. publi shed two papers giving re 
ports of the bacteriological study of hamburge r st eak. They found that 
the standard of 1,000,000 per gram established by Marxer was too low, 
and advanced 10,000,000 as heing a fairer limit. They compared the 
bacterial count with Eber's (4) ammonia test and with th e organoleptic 
test. In their conclusion appears th e foll owing statem ent, "There is 11 0 

close agreement between the numh er of bacteri a present and th e degree 
*Prese nt ed in June, 192G, as a tllesis in partial fulfilment of th e requirements for tIl e cl egn'e of 

Doctor of Philosoph y at Michigan State Coll ege . 
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and ammon ia producing ab iliti es of a number of organisms u sing pep
tone a nd meat pep tone solution s as media. He found that neither 
a lone was a good index of deco mposition because it was possible to get 
an accumulation of amino acid , with a very slight production of am
monia . or conver sely a deco mpos ition of the amino acids as fast as 
formed \vith a sub seCluent high co ncentration of ammonia . . 

St roheck er (21), in 1920, stated that the determination of amino aCIds 
by the "ninhydrin" r eact ion was very unsati sfactory. He found that 
oxygen-consum ed tests, nit rate r eduction t es ts, and methylen blue re
duction tests \",ere much more applicable. 

V\T aksman and Loman it z (22), 1925, made an extended study of the 
che mi stry of the deco mpo sition of amino acid s and of proteins. With 
r egard t o amino co mpound s they sa id, "The determination o f amino 
nitrogen as a n index of decomposition of prot eins should be used, how
ever, only when the particular processes carried on by the different or
ganisms are properly understood. . . . The am ino compounds are 
there [ore formed and decomposed; they "viII accumulate in the medium 
only if the particular organism is unable t o use these compounds or the 
larger part of them, formed from the protein; they wi ll disappear only 
when the organism attacks them as readily as it does the protein or 
when another organism is present that attacks these compounds as 
soon as they a r e fo rm ed by the other organisms from the protein 
m olecule ." 

Ammonia tests, generall y speaking, have met with more approval 
than th e amino ac id tests because a mmonia is an end product while 
amino acids are interlll ed iat e products. E ber (4) proposed a qualitative 
test for am monia in ] 893. He claimed thi s t es t t o be a good criterion 
of the point of beginning putrefaction. The test proved worthless be
cause it was not delicate enougll. l\l[ eat developed sufficient odor to 
condemn it at abo ut the same time or before the ammonia test was 
pOSItIve. The t est proved t o be an indicator of advanced, rather than 
one of beginning or incipient, putrefaction. 

Richardson (23), in the chapter on "l\1eat and meat products" in 
Allen's C o1l2mcrcjal 0 (go1lic A1Ialysis said , "Nitrogen in ammonium salts, 
together w ith other suh stances eas ily decomposed by means of weak 
alkalies probahly a fforc1 s the best available chemical methods at the 
present time for the detection of decomposition in fle sh foods. " 

Falk, Baumann, and l\1cGuire (24), 1919, made determinations of total 
nitrogen, non-protein nitrogen, a mmonia nitrogen, total creatinine 
nitrogen, a nd purine nitrogen to determ ine if any of them would be 
indicative of meat spoilage. The results of these tests showed ammonia 
nitrogen to be t he only one w hich consist ently increased with spoilage. 
In a continuation of this ,,,ork, Falk and McGuire (25) found that in 
order to int erpret the results it was necessary to know the history of 
the sample examined. They discovered that the amount of ammonia 
present in a given sample of meat was much greater at the time of 
spo il age if the meat ]l ad been kept a t a low temperature than if it had 
been kept at a hig h er temperature. This difference they attributed to 
autolysis. 

Among others who have fo und the ammonia test valuable are Van 
Driest (16) and l(endall and Vlalker (26). 

Sears (20), as stated above, discovered that both the amino acid and 
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the "ammonia tests must be run on the same sample to be of any value. 
DeBord (18) concluded that, "The ammonia found in bacterial cultures 
is not a reliable index of bacterial proteolysis." 

Waksman and Lomanitz (22) found that the ammonia test was the 
most valuable of the chemical methods; however, they also stated that, 
"Ammonia accumulation can se rve as a good index of proteolysis only 
when no available carbohydrates are present. In the presence of the 
latter, this method should be supplemented by the study of another 
process, either the disappearance of the original protein, or the forma
tion of amino nitrogen. . . . The term is only relative and should not 
be made to mean any more than it does." This sparing action of car
bohydrates has been demonstrated by numerous other investigators. 
Since carbohydrates are present in the o rdinary sample of meat it can 
only be concluded that the ammonia test is comparatively unreliable. 

Eber (27), in addit ion to hi s ammonia test, worked on a hydrogen 
sulfid test intended to give similar results. In this test, he partially de
composed the meat with dilute sulfuric acid and measured the amount 
of hydrogen sulfid g iven off by means of a strip of filter paper soaked in 
lead nitrate solution. Eber died before the completion of his work and 
the test was never applied enough to determine its value. A method 
was elaborated by Fellers, Shostrom, and Clark (28), in 1924, for the 
determination of hydrogen sulfid in bacterial cultures and in certain 
canned foods. They found that in general the non-proteolytic types of 
hacteria including the cocci, aerobic sporing rods, yeasts, and inactive 
\'.rater and soil bacteria fail t o lih erate hydrogen su lfid from proteins. 
"L:nder the conditions of the experiment, no hydrogen sulfid was liber
ated from decomposed salmon or shrimp. 

Clough (29), 1922, made a study of the formation of indol and 
skatol during the decomposition of sa lmon. He concluded that, "Al
though the determination of indol cannot supplant odor and physical 
appearance in the examination of canned salmon, it is nevertheless of 
value and affords cons iderable information as to the previous history 
of the sample." 

As a generalization, it may be stated that attempts to apply chem
ical methods for the determination of incipient putrefaction have met 
with moderate success. Some of these methods are of value but good 
re sult s are limited by so many factors that their use as simple, prac
tical tests is que stionable. :1\1any of the methods indicate advanced 
rath.er t.han incipient putrefaction. None of them indicate gross con
taml11atlOn of the meat by careless handling, unless sufficient time 
has elapsed after contamination to allow active putrefaction to set in. 

c. Biological Test s. Certain German investigators have attempted 
t o apply biological tests based on the number and kinds of micro
organisms present, as well as on the products of their activity. The 
first report was published by Tillmans and lVlildner (30) in 1916, the 
second by Strohecker (21) in 1920, and the third by Tillmans, Stro
hecker and SchULze (31) in 1921. They found three -tests which were 
of value in showing the first stages of decomposition. These were th,,:, 
oxygen-consumed test, the nitrate reduction test , and the methylen 
blue reduction test. From data published it would appear that these 
tests are worthy of further investigation. They are based however. 
on the number and activity of the common aerobic organisms present, 
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rathe r than 0 11 th e number and activity of the spe,c ifi c organi sms re
sponsibl e for the g rea ter part of putrefaction. 'rhu s it would appear 
that th ey lllust be subject to many of t he sa m e criti c is ms 'which have 
heen a pplied to the bacterial count. 

Brauer (32) fo und that incipi ent decomposition in sausages, pre
se rved foods, and other sub stances could be detected by the inoculation 
of glucose fermentation tubes with a small portion of the sample and 
noting whether gas was formed or not. This is in opposition t o the 
statem ent of Hoffstadt (8) that the count of dextrose fermenters is 
unreliabl e as a standard for meat analysis. 

d. Organisms Concerned in P utrefact ion. N um e rous investigator s 
ha ve ascr ibed the phenomenon of putrefaction to aerobic organis ms. 
Chief among these aerobic organ is ms is Bacillus (Pro teus) v l,tlgaris. 
:Mos t later inv estigators have been unab le to find any aerobic o rgan 
ism capable of caus in g putrefaction. B ienstock (33) attributed it to 
Racillus putrificus. He defined true putrefaction as the bacterial de
composition of album ,inous lll0-tter accompani ed by the formation and 
elimination of fo ul- sme llin g substances. 

Tissier (3-+ ) in a recent r ev iew of the subj ect, based on twenty years 
work by Tissier a nd l\1a rt ell y, found that t he ma in role in putrefac
tion was played by anaerobes but that ce rtain aerobes prepared the 
way for them and destroyed the intermediate products of decomposi
ti on r emaining after their ac tion. 

Rettger (35) ha s shown repeatedly that only a naerobes can initiat e 
putrefaction. He distinguishes between digestion o r decomposition as 
caused by the aerobes, like Bacillus (Protens) v 1Ilgaris a nd Bacillus sub
Iilis, and true putrefaction. The former is very much slower a nd is not 
accompanied by fo ul odors. IJe has found that hydrogen sulfid is 
formed early in putrefaction as caused by the anaerobes. O n the other 
hand , he has found little or 110 indo l, skatol, or phenol formed. The 
rate of putrefaction, according to hi s work, depends somewhat upon 
th e aerobes associated w ith the proteolytic anaerobes. 

Hunter (7, 36-38) found that the decomposition of salmon was due 
chiefl y to the organi sms described in the literature as water, sewage, 
and so il organi sm s. Ire added howeve r that, "The bacteria responsibl e 
for the decomposition of the, fish are not, in the strict sense, putre
factive and there is no rapid digestion of th e flesh of the fish in the 
cultures. * * * T hi s makes it apparent that the flesh of fish is more 
sus ceptibl e t o decomposition by ord inary water bacteria than the flesh 
of hig her a ni mal s." He fo und t hat no conta mina tion with anae robes 
took place during the hand ling of fish. 

] Ioffstadt (8-9) conclud ed that spo ilage of ground beef was due t o 
the anaerobes present. S he isolated thre,e types of a naerobes- pro
teolytic, medialJ y pro teo lyti c, and saccharo ly ti c; and fo und that the 
ty pe of spoilage was due to the type of anaerobe present. She stated 
that , "'fh e presence of proteolytic anaerobes indicates a definite way 
by which the keeping qualities of m eat can be predicted." 

vVeinzirl (39), 1924, confirm ed the work of Bienstock, Rettger, and 
other s and showed that anaerobes do cau se putrefaction. He proved, 
by th e u se of a m od ified Wein zirl A naerobic Spo re test (40), that 
th ese anaerobes are present. In hi s conc lusion s, he suggest ed the de
sirability of a t est hased on th e a na erobes present; "Aerobic and facul .. 
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ta tive bacteri a ass ist in the spoilage of meat , but t he putrefacti ve odor 
is m ain ly due t o anae robes. T he ae robic bac te r ia l count is, the refo re, 
only indirect ly an ind icato r o f putre fa ct ion. * * * A t est fo r a nae robes 
in meat, co mparable to t he B acill us coli tes t in water ana lysis, appea rs 
hig hl y des irabl e." 

Part I. 

A Study of Organisms Isolated from Fre·sh Hamburger Ste'ak and fro,m 
Hamburger Stea.k in the First Sta,ge's of Putrefaotion 

Experimental Data 

In thi s inves ti gati on, it seemed expedi ent t o attempt t o base a te st 
for incipi ent pu t refac ti on of m cat upon the r esult s o f t he phys iologica l 
acti vity of th e o rgan ism s present . 

To do thi s, it w a s necessary t o know som ethin g of the t ype of fl ora 
in ~ h e m eat at thi s st age. A seri es of organ ism s iso la t ed from co m
pa ratively fres h meat and anoth er se ri es -isolated fro m m eat in the 
ea rly s tages of putrefa cti on w er e s tudies in order to not e w hat types 
deve loped dur ing the so-ca ll cd st age of in cipient pu t r efaction. Only 
ae robes w er e includ ed in t hi s s tudy . 

Hamburge r steak was chosen fo r these investiga tions becau se it 
w as eas il y obta ined and w or ked w it h, and because it is one of t he 
meat pr oduct s w h ich is mo st fr equentl y g ross ly conta minated a nd 
whi ch need s close sup er vision. For the hrst se ri es o f organi sm s, a 
sample was coll ect ed fr om a local market . T his sample was g round 
in th e pres ence of th e in ves ti gator and w as made of m eat w hi ch ap
pea red compara ti vely good a nd fr es h. T he sample w a s plated im
m edia tely on s t andard m eat infu sion aga r. T he organi sm s were fr eed 
fro m the m eat by g rinding in s t eril e sand , accordin g to t he me thod 
of W ein zirl a nd Newt on (3). A count of 3,000,000 bacte ri a per g ra m 
was obta in ed . T w o pl a t es of t he 1 t o 100,000 di lut ion we re selected 
v.r hi ch conta in ed 27 and 44 co loni es r espect ively. T ransplant s were 
made fr om all of the coloni es on these plates. D ue to the fact tha t 
ma ny of the coloni es w ere ve ry sma ll and a lso, undoubtedly, to the fac t 
tha t 111 any of t hem wou ld not g row r ead il y on ordinary m edia , only 51 
cult ur es we r e obtain ed. N o attempt s we re made t o elimin a t e duplicat es 
because t he. m ain r esult to be obtained w as the proportion of the d if
fe r ent phys iological t ypes pr ese nt . 

The seco nd se ri es of o rgani sm s was isola t ed from a sa mple of ha m 
burger st eak purchased fr om t he sam e m arket, under a s nearl y iden
tical conditi ons as poss ible . The sample w as sto red at 20° Cent ig rade 
fo r a pe ri od of two days a nd vva s th en plated according t o t he sam e 
m ethod. A moderat e.ly putrid odor was g ive n off by t he meat at the 
t im e of exam ina ti on . A count of 178,000,000 was obtain ed . A ttempts 
we re made t o tran splant 77 colonies, w hich r ep resented one-half of 
those pr esent on a 1 t o 1,000,000 dilution. From t hese, 62 cultu res 
w ere obta in ed. 

A micr~ scop i c examin a ti on was made of each culture in order to 
class i fy them accord ing to morphologic g r oups. T he result s, t oge ther 
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Number 

1. 

2. 

3 .. 

4 . 

5 .. . 

6. 

7 . . 

8 .. 

g. 

10 . 

11 .. 

12 .... 

13. 

14. 

15 .. 

16. 

17. 

18. 

19 . 

20. 

21 .... , . 

22 . 

Table I.-A study of organisms isolated from fresh meat. 

Hydrogen 
Sulfid Ammonia 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

Glucose Acid I Glucose Gas Meth . Blue 
Reduced 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

Xitrates 
Reduced 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

Indol Morphology 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 
-------
Coccus 

Coccus 
------
Coccus 
-----
Coccus 

Coccus 

Coccus 
-----
Coccus 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 

Coccus 
-----
Bi-polar rod 

'-1 
trJ 
(fJ 

>--3 
(fJ 

'TJ 
0 
::0 
f--< 

Z 
[) 
'U 
f--< 

trJ 
Z 
f-j 

'U 
C 
>--3 
;:rJ 
trJ 
'TJ 
>-
\l 
>--3 

0 
Z 
0 
'Tj. 

~ 
(TJ 

> 
1-3 

I:C> 



2:3 . 

24 

25 . 

Xumber Hydrogen 
Sulfid 

Table I.-Continued 

Amm onia Glucose Acid Glucose Gas , l\Jeth . Blue 
Redu ced 

)iiitrates 
Reduced 

+ 
+ 

~I-
Morphology 

Coccus 

Coceus 

Bi-polar rod 
-1- ---1 1-----1--- --1-----1---- --1- - - --1----

26. Cocc us 

27 . + Coccus 

28 . + + + Coccos 

2Q . . + Inyolu tinn rod 

30 . + + + Coccus 
--- --

31 . ... . . . .. . . . . .. .. . + Coccus 

32 . + + Coccus 
--1------

COC CIlS 
33 . I· -----1- -

---- --
34 . . + + + Coccus 

35 .. + Coccus 
----- - -

36 . . + + Fl,lOrescent. rod 

37 . + + + Coccos 

38 . + + Coccus 
------

39 .. + + + Coccos 
-------

40 . + + + Coccus 

41. + + + Cocc us 

42 . + Coccus 

43 . + COCCllS 

44 . + + Coccus 

')- .. ~ -0- c 

Table I.-Continued 

Number Hydrogen 
A=onia I Glucose Acid I Glucose Gas Meth. Blue Nitrates I Indol 

I 
Morphology Sulfid Reduced Reduced 

---_._---

- -----45 . . . + + Proteus-like ------- ---------------46 . 
Cotcu~ 

. . .. . .. . . . . .. . . 

47 . + Coccus ----------------- - ---- -----48 . + Coccus --- ----- -- - ---- - - - -- - - - ----49. 
t- Coccus ------ ---- - - ---- - -50 . -+- -+- Proteus-like 

., 

0 

7 
~ 

~ 
'-' 

> 
Z 
--l 
~ 

S 
z 
r: 
> 
Jj 

l' 
r 
:-:-J 
--l 

Z 
Z 
0 
'1 
-.0 

f-:l 
trJ 
(fl 

f-:l 
(fl 

'Tj 

0 
;;.:1 

Z 
n 
>---< --
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Table I.-Continued 

Number H~~lfi~en Ammonia Gluc ose Acid Glucose Gas 

45 . . 

46 . 

47. 

48 .. + 
49. 

50 . 

51. + 

Hydrogen sulfid. ac id and gas production are recorded in the number ()f days necessary for their production. 

Meth . Blue 
Reduced 

+ 

+ 

+ 

Nitrates 
Reduced 

+ 

I ndol Morphology 

I Proteus-like 

Coccus 

I Coccus 
-----
Coccus 
- - ---

" I - I Coo,", -------- - - - - ---
+ - Proteus-like 

~---- ----

+ - Cocc us 

f-3 
tTl 
U1 
f-3 
U1 

"rj 
0 
?:J 
f-I 

Z 
n 
f-I 

"1j 
f-I 

t:l 
Z 
f-3 
"1j 

C 
f-3 
~ 
r:1 
'Tl 
>-
\: 
f-j 

:3 z 
0 
'Tl 

~ 
N 
>-
.--J 

'""' '""' 



IA .. . . 

2A ... 

3A ... 

4A . 

5A .. 

6A . 

7A . 

SA . 

9A .. 

lOA .. 

llA .. 

12A ... 

13A ... 

14A . .. 

15A . . 

16A .. 

17A . 

lSA ... 

19A . 

20A . 

21A .. 

22A .. 

23A .. 

24A .. 

25A ... 

26A . . . 

27A . 

2SA. 

Table II .-A study of organisms isolated from hamburger steak in the beginning 
stages of putrefaction. 

Number 

.. .. . .... . . . 

.... . ..... . . . 

. ... .... ... ..... 

. . . . . . . . . . . . 

Number 

. . . . . . . . . . . . . . 

~ 

Hydrogen 
Sulfid 

-----

Hydrogen 
Sulfid 

Ammonia Glucose Acid Glucose Gas 

+ 

-----
-----------

+ 

Table II.-Continued 

Ammonia Glucose Acid I Glucose Gas 

~~eth. Blue 
Reduced 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ ------
+ 

+ 

+ 
+ 
+ 

+ 
+ 

Meth. Blue 
Reduced 

+ 
+ 
+ 

Nitrates 
Reduced 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ -----

+ 

+ 
+ 

+ 
+ 

..: 

Nitrates 
Reduced 

+ 

+ 

Indol Morphology 

Short rod 

Short rod 

Short rod 

Spore former 

Short rod 

+ Short rod 

Proteus-like 

Proteus-like 

Proteus-like 

Proteus-like 

Prote\L~-like 

Proteus-like 

P roteus-like 
-----

Coccus 

Proteus-like 

Coccus 

+ Proteus-like 

Proteus-like 

+ Proteus-like 

Large rod 

Proteus-like 

Proteus-like 

Indol Morphology 

Large rod 

Large rod 

Proteus-like 

Proteus-like 

Proteus-like 

Short rod 

...... 
N 

~ 
"""' n 
~ 
() 
>-
Z 
f--j 
trj 
n 
~ 
Z 
"""' n 
>-r 
to 
C 
l' r 
trj 
f--j 

Z 
Z 
0 
'-l 
\,:) 

f--j 
trj 
(fJ 

f--j 
Ul 

'TJ 
0 
~ 

Z 
0 ...... 
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Number 

23A . ................ . 

24A ... 

25A . .. 

26A .. 

27A .. 

28A .. 

29A .. 

30A . .. 

31A. 

32A .. 

33A . 

34A ... 

35A ... 

36A . . . 

37A . . 

38A .. 

39A ... 

40A .. 

41A ... 

42A . . 

43A . 

44A . . 

.'"' 

Hydrogen 
Sulfid 

Table H.-Continued 

Ammonia Glucose Acid I Glucose Gas 

+ 

Meth. Blue 
Reduced 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

.-

Nitrates 
Reduced 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

Indol Morphology 

f-j 

Large rod trJ 
UJ 

Large rod 
f-j 
UJ 

Proteus-like >rj 

Proteus-like 
0 
~ 

Proteus-like Z 
Short rod 0 
Proteus-like ~ 
Coccus 

trJ 
Z 

Proteus-like 
f-j 

Coccus 
i-d 
C 

Proteus-like r-3 
~ 

Proteus-like trJ 
>rj 

Coccus >-n 
Proteus-like f-j 

f-< ------ 0 Coccus Z 
Short rod 0 ------ >rj 
Streptococcus 

Proteus-like ~ 
trJ 

Proteus-like >-
f-j 

Proteus-like 

Proteus-like 

Short rod 

~ 
Ci-:l 
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w ith their physiological characte ri stic s, are recorded in Table I and 
Table II. Only those charact eri stics which have been or which might 
eas il y be applied as an indication of the pre sence and activity of the 
groups concerned were included in the study . 

Hydrogen sulfid determinations were made by suspending strips of 
filter paper soak ed in lead acetate solution along side the cotton plugs. 
S tandard infusion broth was used because it was no ted that it was 
more efficient than ordinary peptone so lution for thi s purpose. Difco 
peptone has been used throughout this work. Nessler's solution was 
employed to indicate the presence of ammonia in peptone solution 
cultures. Ac id and gas production by the organisms in a one per cent 
glucose broth was determined. Their ability t o reduce nitrates was de
t ermined by growing the organi sms in a nitrate-peptone solution con
t a ining 0.02% potassium nitrate. E hrli ch's method of t esting for indol 
was us ed. To determine th e ability of the organisms t o reduce, or 
more properly to produce products which· would reduce, methylen blue 
so lutions, 0.01 cc of a solution of methyl en blue, made by diluting 5 cc 
of a saturated solution to 200 cc with 'vater, was added t o e.ach tube 
of infu sion br oth. \ iV hen the methylen blue ,Vas added before the or
gani sms were grown, no reduction was noted. The method followed 
was to add it t o a 48 hour culture. Reduction took place. immediately; 
or within an hour, in the case of cultures with weaker r educing prop
erti es. T hese latter were recorded as partia l reactions . The number 
of days necessary for the production of hyd rogen sulfid , and of acid and 
gas from g lucose was recorded. This giyes an indication of the activity 
of the organism. 

Of the 51 cultures iso lat ed fro m fresh hamburge r s teak 45 w ere 
coccus forms, 2 were bi-polar rods, 2 w ere proteus- like rods, 1 pro
duced distinct involution forms, and 1 produced a flu ore scent colony. 
Of the 62 cultures from mea t in the beginning stages of putrefaction, 
only 13 were cocci. This is a percentage of 21 as compared with 88 
from the fre h meat. Thirteen were described as short rods , 1 as 
a spore former, 3 as large rods without spores, and 32 as proteus
like rods . This would indica te that there is an increase in the propor
tion of the number of rods to the number of cocci during the period 
of the beginning of putrefaction. A group of organisms describ ed as 
proteus-like rods, including all short rods with occas ional filam entous 
forms, appears to be the group w hich increases most rapidly. On ly 
a few of these give the complete reactions of Bacillus (Proteus) vulgaris. 

Percentages of the organisms from each se ri es which gave positive 
result s w ith the various physiological tests have been computed and 
are recorded in Table III. 

Two g roups of organisms w hich appear in the series from putrefy
ing meat do not appear, at least to a ny noticeable extent in the se ri es 
obtai ned from fresh meat. The e a r e the groups desc ribed as short 
rods, of which there were 13, and as proteus-like organi sms, of which 
there were 32, in a total of 62 cultures . The characteristics of these 
groups are recorded in Table IV. 

It is of particular note that a larger percentage of the organis ms 
isolated from fresh hamburger steak than of the o rgani sms iso lateu 
from the hamburger steak which was in the process of putrefaction 
reduced methylen blue, nitrates, a nd produced ammonia. Action on 
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Table ilL- Physiolog ical reac tions of the organisms isolated from fre s h and fro m 
putrefying meat. A summary of tables I and II. 

Hydrogen sulfid . 

Ammonia . . .... . 

Acid from Glucose .. 

Gas from Glucose .. .. 

Metbylen Blue Reduced . . . 

Nitrates Reduced .. 

Indol 

Hydrogen sulfid . 

Ammonia ....... . ...... . 

Acid from Glucose . . 

Gas from Glucose . 

Methylen Blue Reduced . 

Nitrates Reduced .... 

Indol . .... . . . ... . .. . .... . 

. ............. 

.. .... . . . . . . 

T able IV. 

Organisms from 
fresh Hamburger 
Steak % positive 

51 

84 

80 

14 

84 

92 

Short rods 
% positive 

92 

46 

92 

69 

62 

15 

Organisms from 
putrefying 

Hamburger Steak 
% positive 

81 

50 

98 

11 

73 

63 

28 

Proteus-like 
organisms 
% positive 

100 

53 

100 

19 

97 

87 

44 

glucose seemed to be common to both groups. If these fac~s .be ac
cepted as conclusive, then any test based on these characterIstIcs de
pends entirely upon the increase in numbers of organisms found in th~ 
meat and not upon specificity. This means that any such test woUI(l 
be liable to most of the criticisms of the bacterial count and would 
probably be of no more value. 

No organisms in the fir s t series produced indo!. In the second series 
28% of the organisms produced it. Comparable with this is the in
crease in hydrogen sulfid producers. This increase is only partially 
shown by the perce.ntage of 81 as compared to 51. Most of the hydro
gen sulfid producing bacteria found in the. first series were coccus forms, 
producing a sufficient amount to be first observed at the end of two to 
six days. In the second series, most of the hydrogen sulfid producers 
were rods which produced the gas abundantly in one day. This fact 
would indicate that any test based on hydrogen sulfid production should 
show a much more abundant evolution of this gas during the stage s 
where putre.faction is commencing. It is worthy of note that 920/0 of 
the short rods and 100% of the prote us-like organisms produced hydro
gen sulfid . 

T ES T S FOR JNCIF 

Of 51 organi sms isolated 
coccu s form s. Of 62 isolat 
ginning putrefa ction, only 2 
\vas due t o the appearance 
fr es h meat . Thirteen for m 
prot eus-lik e organi sms. 

vVh en the two se ri es of ( 
a la rger percentage of t he 
monia and reduced methyle 
fr om putrefying meat. Tr 
action of the t wo g roups or 

Judg ing fro m these res ul 
ber of indol a nd hydrogen 
cipient putrefaction of me: 
w ould hold true with meat 
Centig rade. 

Hydrogen Sulfid Tests fOI 

I n Part I , it was noted t 
appearance during the stag l 

Al ong with thi s was a very 
isms which act ive ly evolH 
made t o deve lop a t es t or t 
and fo r the amount of effec 
of these g r oups of organi sn 
is designated as the amOlll 
w hich will be ac tive in decc 
meat. In other word s, it se 
pr edict the leng th of time I 

be in condition for consuml 
for the. inves tig ations. 

For the det ec tion of the 
o rg ani sms, the cotton wool 
(41 ) was used. T hi s is a me 
r eagents a r e placed on the 
hea ting the cuI ture in a \\"a 
wher e the co lor of the med 
O ne g ram sampl es were IrE 

in fu sion broth a nd the tube 
moved from the incubator 
It was found tha t, regardl 
pu trid or fr es h, t he time of 
12 and 24 hours. T he amo 
not appear to be g reatly in 
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Summary 

Of 51 organisms iso lated from fresh hamburger s teak, 88% were 
coccus fo rm s. Of 62 iso lated from s imilar meat in the stage s of be
ginning putrefaction, only 21 % were cocci. This increase in rod forms 
v\'as due to the appearance of two groups of bacteria not fo und in the 
fresh meat . Thirteen for m s vvere described as short rods and 32 as 
prote us- lik e organ isms. 

vVh en the two se ri es of cultures were co mpared, it was not ed that 
a larger percentage of the organisms from fresh meat produced am
monia and red uced methylen blu e and nitrates, than of the organisms 
from putrefying meat. There was no appreciable difference in the 
action of the two groups on g lucose. 

Judging from these res ult s th ere is a decided increase in the num
ber of indol and hyd rogen sul fid p roducers during the stage of in
cipient putrefaction of meat. It was not determined whether thi s 
would hold true with meat stored at a different temperature than 20° 
Cen tigrade. 

Part II. 

Hydrogen Sulfid Tests for the Detection of Incipient Putrefaction 
Q1f Meat 

In Part I , it was noted t hat indol producing organis ms made their 
ap pearance during the stages in w hi ch putrefaction was co mmencing. 
A long with this was a ve ry marked increase in the numbers of organ
isms which actively evolve hydrogen sulfid. An attempt has been 
made to develop a t est or tests for t he stage of incipient putrefaction 
and for the amount of effecti\ 'e conta mination, based on the presence 
of these groups of o rgani sms. The a mount of effect ive contamination 
is des ignated as the amo llnt of contamination w ith those organisms 
which wi ll be active in de.co mpos ing- or, more properly, putrefy ing the 
meat. In other words, it see med des irable t o have a t est which wo uld 
predict the length of time during which cl g iven m eat product would 
be in condit ion for consumption . J-Jamb urger steak was again chosen 
for the. inves tigations. 

For t he detection of the pre se nce and activity of indol producing 
organisms, the cotton wool plug test for indol as developed by Gore 
(41) was used. This is a modification of E hrlich 's m ethod in which the 
reagents are placed on the cotton plug and the indol volatilized by 
heating the culture in a water bath . It is a very satisfactor y method 
where the color of the medium would mask the color of the reaction. 
O ne gram sa mpl es we·re weighed into tube s containing 10 cc of meat 
infus ion brot h and the tubes incubated at 37°. These tube s were r e
moved from the in cuhator and t es t ed for indol at hourly intervals. 
It was found that, regardless of w hethe r the hamburger steak was 
putrid or fresh, the time of the first appearance of indol was between 
12 and 2-+ hours. 'rhe a mount of indol formed with putrid meat did 
not appear to be great ly in excess of the amount formed w ith co m-
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parativc1y fresh meat. As these preliminary t es ts did not appear t o 
give favorable results, the method was not inves tigated further. 

A simi lar m ethod has been developed t o t es t for the presence and 
act ivity of hydrogen sul fid producing organisms. One gram portions 
of hamburger steak are weighed into tubes containing exactly 10 cc 
of s tandard infusion broth, ad justed to pH 7.0. Strips of filter paper 
soaked in lead acetate solution are suspenued beside. the plug as in
dicators of the production of hyd rogen sulfid . T he tubes are incu
hated at 37° Centigrade and hourly observations made for blackening 
'of the strips of lead acetate paper. The time of the first appearance of 
blackening is us ed as the index. 

Samples were co llected from various meat markets and te st ed by 
this method. Duplicate tubes we re run aerobically and also in the 
partial vacuu m induced in a Novy jar by a water pump. Before the 
completion of the expe riments, a vacuum pump was purchased. The 
pump was fo und t o produce a lmost identically the same· degree of 
vacuum as the water pump used with the 5rst samples . In the first 
experiments, the samples we r e divided aEd stored in deep culture 
dishe.s at 20° Centigrade and a t ice box temperature which va ri ed 
around 5° Centigrade. They were te st ed a t intervals of from one t o 
three days and particular attent ion was paid. to the results at the tim~ 
when the odor of putrefaction was first noticeable. 

Tables V and V I give the results obtained from the examination 
of two samples. The sample recorded in Ta:) le V was purchased from 
market A. The m eat from which it \vas ob tained had been ground 
and s t ored in a pan in the refr igera tor at the market. It was fr oze n 
solid at the time it was bought. It was not tested until the day fol
lowing the one on which it was collected. It appea red to be in good 
condition and free from excessive contamination. Table VI gives the 
res ult s of a sample from mark et B. A ll hamburger steak from this 
market was ground at the time of se llin g. Anaerub ic spore tests were 
made on both samples according to the method of vVeinzirl (40). 
Positive results were obtain ed. 

Sample B (Table V) after 24 hours incubation a t 5° Centigrade con
ta ined enough active hydrogen sulfid producers to give a positive t es t 
in 8 hours both aerobica ll y and anaerob ica lly. At the end of nine days, 
when a putrid odo r was fi r s t noticed , a positive test was obtained in 
10 hours aerobically and in five hours anaerobically. After storing at 
20° for one day, the odor was described as very sour and there was a 
very slight indication of beginning putrefaction. A positive test was 
obtained in six hours aerobically and in five hours anaerobically. At the 
end of two days, when the meat was decidedly putrid, a positive test 
was obtained in three hours aerobically and in two hours anaerobically. 

Sample C Crable VI), on immediate t esting gave a positive result 
aerobically in eight hours and anaerobically in 10 hours . After one 
day at 20 CJ Centigrade, it gave off a slightly putrid odor and the hydro
gen sulfid t es t was positive in six hours aerobically and in five hours 
anaerobically. After five days at 5° Centigrade, the meat had reached 
a stage comparable to that reached in one day at 20°. A positive test 
was ob tained aerobically in eight hours and anaerobically in five hour s. 

Aerobic hyd rogen sulfid producing organisms do not appear to de
velop at 5° Ce ntigrade. The test co mpleted under aerobic condition .:; 
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Table V.-Hydrogen sulfid produ( 
B. Recorded in hours necess 

Age in Days 

aerob 

0 .......... .. . . . not 

1.. .. . . ... . ... . 

2 .. . .. .. ... . . ... . .. . 

5 .... 

7 . .. 

9 . .. .. .. . .. 10 

Table VI.-Hydrogen sulfid produ 
C. Recorded in hours neces: 

Age in Days 

---------------
aerob 

0 .... . .. 
-----------1 
l. ..... ...... .. . 

5 ..... . .. ... .. 
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Table V.-Hydrogen sulfid production by organisms from hamburger steak. Sample 
B. Recorded in hours necessary to obtain a positive test. Incubated 37 0

• 

Age in Days Stored at 5° Stored at 20° 

aerobic anaCf. condition aerobi c anacr. condition 
- ------------.- ---- - -----1-----1-----1-----1------
0 . . not run good not;- run goud 

- - - -------- 1----1-----1-----1------1---·--------
1. .. good sour 

2.... ... good putrid 
-------~-----I-----I----I------I-----I-------------
5 .. .. ... fair 
---_·---------1---·-- 1- - ---1------- - ---- -------- ------
7. sour 

9 .. . .. . ........ .... .... . . . .... . .. . 10 put. odor 

Table VI.-Hydrogen sulfid production by organisms from hamburger steak. Sample 
C. Recorded in hours necessary to obtain a positive test. Incubated 37 0

• 

Age ill Days Stored at 5° Stored a t 20° 

aerobic a llacr. CO lICli tion aerobic l'\naer. condi tion 
---------- ---1·----- ------ ------ -----1·-----1·-----·---
0 . . ... .. ...... . . ... .. . . . . . 10 good 10 good 
---------------1- ---- - - ---- -------- ---·--1-----1-------
I. .. .... good put. odor 

5 .. .. Pllt . odor 

seem s to give comparable r esult s with that run under anaerobic con 
ditions where the me.at has been stored at the higher temperature. One 
sample gave a positive t es t in 10 hours anae.robica ll y and the other in 
eight hours; at the time of fir st t es ting . It is worth y of note t ha t all 
examinations made at the tim e of the first o rganoleptic indications of 
putrefaction sho'wed a production of hyd rogen sulfid in five hours an
a erobically . This was independent of the temperature of storage. and 
see med to indicate that the anaerobes w hich produce hydrogen sulfid 
\ve re the organisms chiefly conce rn ed in act ive putrefaction. Later ex
periments showed sim ilar resu lts. T hi s agrees w ith the findings of recent 
investigators concerning the causa l orga ni sm s fo und in true put r efac
tion. Table VII gives th e r e.sults obtained by exa mining 36 other samples 
of hamburger s t eak, usin g t he same t est. J\. 11 of t hese samples we r e 
tested immediately after collection and again at intervals of from one 
t o three days until t he meat was shown to be putrid acco rding to 01'

gan oleptic te st s. In a ll cases, the meat was sto red in deep cultur e 
di she s at approximately S° Centigrade. No covers wcre placed on the 
dishes and an attempt was made to approximate the conditions und er 
which it would be s t ored in the ave rage market. For the sak e of 
brevity only the result s ob tain ed by testing immediately after coll ec
ti on and those obtain ed hy t esting w hen the first fa int odor of putre
facti on became evident are given. The meat was g raded into four 
classes according t o the appearance, odor, and condition of the shop. 
These classes were good, fa ir , poor, and bad. Only meat which gave a 
slight odor of putrefaction at the tim e at w hich it was co llected was 
recorded as bad. T hese ratings do not g ive a good method for de
termining the quality of the meat or the stage of incipient putrefac-
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Table VI I.- Hydrogen sul fi d p r oduction b y organisms from hamburger steak. Re 
corded in hours n ecessary to obtain a positive test. Incubated 37 ° . 

At t ime of buying 

Market 

aerobic a lULcr. 

Aftor s toring at 5°C 
until au or a ppears 

aerobic a l1aCI'. 

Condition 

-_._-----------_._-_._-- ------------------------
A .... 10 good 
---.----------.---------- ----------------------
B .... 10 good 
-------------------------------------------
B .. . fair 

A . bad ouor as boug ht 
---------------------_._-----------------------
B . . . 12 good 

------_._-------------------------------------
A .. . bad odor aR bought 
------_._----._------------- ------------------

B. good 
-.-------.-------------~----------------------
D .. 4 poor 

---------------------- ._--------------------
E . . . bir 

F .. poor 
------------------_._-----------------------
B . . 13 13 good 
------------------ --------------- -------- -~-----
A. ]loor 

------------- ----._--- - ------------------
B . good 

A . . bad odor as bought 
--_._--------------_._---- ------------- ~-----
A. poor 

--------------------- ---- --- - --- ------ - - ----
B . good 

------.---------------------------- -----------
B . ... .. . good 

---------------- ------- ._-----------------
A .. . bad odor as bought 

-----------------------------------------
B . not run good 

----------------- ----------------------
A .. not run poor 
-.-------------------- -----------------
B .... good 
-------.-------------___ --------------1------_·-
A .. good 
---------------------1--------------1--------
B. fair 

A. bad odor as bought 
----.--------__ . ________ ---------- ------1---------
B . ...... . ... . . .. bad odor as bought 
--------------------------._---------------
A .. bad odor as bought 

----------_·_------1----- -------------------
B. good 

------------________ --------------1------_··-
A ... poor 
- ------------------- ---------------1------
B ... good 

-------------~----I ----------------------

A ..... good 

B . 
------------------------------- -------

bad odor as bought 

bad odor as bought B ... 
~----·------------------I---------------------
A. good 
-------------------------------------------
B .. 1I0t run good 

--------------------------------------_._---
A .. not run good ________________________ ---------__ -----1--------
B . bad odor as bought 
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tion bu t t h ey do furni sh as good a m et hod as was obtainable w ith 
\vhich to compare the res ul ts of t he hydrogen su lfid test. T he test 
\vas run ae rob icall y on ly on t he fi rst fifteen sa mples, as it d id not 
appear to g ive good res ul ts on meat stored a t 5° Cen t igrade. 

The resu lts agree ve ry we ll w ith those given in Tables V a nd VI. 
They show conclusive ly that t he ae rob ic hyd rogen sul fid producing 
bacte r ia do not increase in activity appreciably du ring the fi r st stages 
of pu trefact ion at 5° Centigrade. On t he other hand t he anae r ob ic 
hydrogen su lfid producing group appears to increase in activ ity de
cidedly. A summa ry is g ive n in Table VIII showing t he number of 
samples rated as good, fa ir, poor, and bad accord in g to the appear a nce 
of the meat and t he average number of hours r equired for the produc
t ion of hydrogen su lfid under t he cond it ions of t he test as appli ed 
anaerobica lly. These ave.rages · a r e computed for t he immed iate test 
a nd also for t he test app li ed when the meat began to evo lve odors 
of putrefaction. 

Table VII I.-Hydrogen sulfid production by organisms from hamburger steak. Re
corded in hours necessary to obtain a positive test. A summary of 

Table VII. Incubation at 37 ° under anaerobic conditions. 

Tested when : 
Organoleptic Rating No. of samples 

Purchased Putrescent • 
---- --------- ------- - --------1----- 1------·-
Gcod . 16 7.5 4 .5 
----- -------------------- --1--- - ------ ----
Fair . . 6.0 3.7 
- - - ------------------------ ------I-~---
Poor . .. 4.5 2 .2 
- - -----_._----------------------------- ----- ---
Bad-putrid odor . 11 3 .2 . 

.'W hen putrid odor firRt became evident. 

Accordi ng to Table VIII, 16 samples r ated as good gave a positive 
test in an average of 7.5 hou rs. At the time when noticeab le putrefac
tion appeared these same samples gave po sitive test at t he end of 4.5 
hours. Three samples rated as fair gave posit ive tests at the end of 
s ix hours and at the end of 3.7 ho u rs after act ive putrefact ion became 
apparent. S ix samples rated as poor gave pos it ive tes t s at the end 
of 4.5 hours and at the end of 2.2 hours at the t ime of t he first appear
ance of a foul odor. This woul d ind icate that the test shows two 
conditions: first, the stage of incip ient pu trefaction; second, the amount 
of effective contam inat ion. T he s hortening of t he length of time re
qu ired to obtain a pos itive test, as the m eat ages, s hows t hat the test 
is indicative of t he act ivity of a group of organ isms w hich increases 
in n u mbers or ac tivity or both dur ing the first stages of pu t refaction 
and before t he. meat woul d be condemned by organoleptic tests. It 
is hig hly probable that the samples rated as poor by t heir appearance 
were more h ig hly con taminated t han t hose reco rded as good. T he 
"good" samples gave pos itive tes t s at the end of 4.5 hour s and the 
"poor " samples at t he end of 2.2 hou rs, w hen tested at t hat stage at 
w hi ch t hey began to evolve odors of putrefact ion. T hi s d ifference is 
probably due to th e increased amount of effect ive contamination in 
t he poor samples . 
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Five to seven days was the average length of ti me that elapsed be
fore the mea t which was rated a s good appeared to be putrid. The 
meat rated as fair remained in good condition for approximately three 
clays. That rated as poor u sually commenced t o evolve foul odor s 
after one day. In general, the length of time which elapsed before 
noticeable putrefaction became evident agreed well with the condi
tion of the meat as indicate.d by th e hydrogen sulfid test. 

Four samples which were collected from a market, later di scovered 
to be using sulfites as preservatives, were t es t ed. These samples gave 
positive tests in from eight to 12 hours at the time of coll ecti on. 
On storage at 5° Centigrade the time required t o ob tain a positive tes t 
increased until at the time at which the meat became noticeably bad 
only a slight t es t was obtained in 24 h ours. If the definition of "putre
faction" given by Rettge.r (35) and other inves tigators be accepted, 
for exampl e, that it is marked by the evolution of a decidedly foul odor, 
then no true "putrefaction" t ook place in these sa mple s of meat . The 
spoilage appeared t o be more closely co mparabl e t o the "deco mpos i
tion" described by Hunter (36-38) and by other s, and which has been 
ascribed to aerobic bacteria or molds. A species of mold found grow
ing on these sa mpl es was isola t ed and ideli tifi ed as Clza ctostylu11L fr csellii. 
This meat re,mained in apparently good condition for from 10 to 20 
days. The fact that the pre se rvative prevents the development of the 
organisms responsible fo r a positive anae robic hyd rogen sulfid test 
and at the same time prevent s the development of the organi sms r e 
sponsible for the putrefaction of the meat 'would se rv e as ev idence that 
both types of organisms may be the sa me. 

Wh eth er the t es t as developed for hamburger steak would be ap
plicable for an y other class of meat cann ot be stat ed w ithout further 
inves tigation. The condition of hamburger steak as sold in the average 
market is such that so me m ethod for determining the amount of effec
tive contamination and the length of time during w hich it will remain 
u seable after selling, should certainly be applied. From the results 
obtained on the samples tested and r ecorded in Tables V , VI, and VII , 
it appears that this meth od would be preferable at least t o plate counts 
and to chemical methods in that it is quickcr and easier t o perform, 
that it is more specifi c fo r the organi sm s deve loping during in cipient 
putrefaction, and that it will show in cipient rather than advanced 
putrefaction as well as the amount of effective contamin a tion. 

Any definit e standard set for th e condem nation of unfit hamburger 
steak must depend upon the quality of meat which is con sid ered sal
able. Hamburger s teak which will not give a positive hydrogen sulfid 
test, using th e me thod empl oyed in this inves tiga ti on, in six hours may 
safe ly be expected to keep, in a good r efrigerator , at least three days 
before putrefaction becomes evident. This does not appear t o be too 
high a s tandard to set a lthough it would condemn at lea s t half of the 
hamburger steak: which is now being so ld in the market s. 

Some samples were t es t ed by the hydrogen sulfid production test 
and also by the methyl en blue reduction method of Tillmans, Stro
hecker , and Schutze (3 1). By thi s method five gms of well mixed 
meat is placed in a 60 cc fla sk , which is filled w ith water heated to 
about 40° Centigrad e. One cc of a m ethylen blue solution is added . 
The flask is tightl y sea led a nd placed in a water hath at 45 ° Centi g rade. 
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The value o f the meat is judgcd by the length of time required for th e 
reduction of the methylcn bluc. Tillmans a nd hi s as soc iates concluded 
that meat was decomposed and unfit for u se as human food w hen the 
methylen blue was reduced in le ss than one hour. 

Table IX g ives the results obtai ned by thc t cst in g of eight sampl es 
by both m ethod s. None of th ese were of ve ry good quality. A ll of 
them gave positive tests for hydrogcn sulfid producing organi sm s in 
le ss than seven hours. A period of from fo ur tc' c ig ht hour s was re
quired for the reduction of the mcthylen blue. A ll of the sa mpl es were 
t es t ed again at the timc when putrefact ion beca me e\' ident by the 
odor. Portions were taken from the surface, [rum tbe cc nter, and 
from a mi x ture of the two, for the final tcst o n Lhc last six sa mples. 
The r esult s s how that the methylen blue was red uccd, within the period 
of one hour set by the Gcrman ilwcstigators, ar i cr the meat became 
noti ceably putrid. There \vas a wid e variat ion in the length of time 
which th e reduction required depcnding upon th c spot of scl.mpling . 

Table I X .- A comparison of the hydrogen sulfid production and methylen blue re
ductio n t ests. Recorded in hours necessary to obtain a positive test. 

SAMPLE 1. 

Age in days Hydrogen fiulftJ Meth . Hlue Red . Conditioll meat 

0 .. . fair 

3 ... poor 
_ ._ ._-------- -------------.- ------" ------ ------
4. _ .... . .. ... .. . putrid odor 

SAMPL I'; II. 

Age in d:LYs Hydrugen SlllfiJ Meth. Hlue Red. Condition me:tL 

- ------- ------------ ------------------ - -----
o ... poor 
- ------- -----------------1---------- ------ - .------
3. putrid odor 

Age in days ll ydrogeJl SulfiJ Te~ t ~Lcth . Blue Reduction 

4 . .. 

SAMPLE IV. 

Age ill days Hydrogell Sulfid Te~t Meth. Blue Reductioll 

4 
---- ------------------1------ --------------

4 .. .. .. 

SUl'fa~1 CCllier I_Mixed oll /'face I ~e ll tcr I Mixe(~ 
. . . . . 1 1 1 5 min. 5 mill . 5 mi ll . 
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Table IX.-Continucd 

SAMPLE V. 

Age in days Hydrogen Sulfid Test Meth . Blue Reduction 

3 . . ..... . .. . ...... . . . . . 

SAMPLE VI. 

Age in days Hydrogen Sulfid Test }vIeth. Blue Reduction 

o 

3.. ... . . . . .... .... ........ ... ~~I C";k' I M;:Od s~=" I r;:t"_I~~'d 

SAMPLE VII. 

Age in days Hydrogen Sulfid Test Meth. Blue Reduction 

4 . .. . . •. . . . .. . .. . ...... . . . •. . .. .•. . . ...•. 
surfac~I~~I~~X~~ surf.ac~I~~~1 Mi~ed 

. . . . . . . . . . . . . . . 3 3 3 7 mill. 5 mlll. 5 mlll. 

SAMPLE VIII. 

Age in days Hydrogen Sulfid Test Mcth. Blue Reduction 

o 

4 .. .. ... . ...... . 

Surface I Center 1!"lixe~ ~faec I CeJlte~ I~~ 
1 1 1 12 min. 10 min. 11 min. 

For example, in the testing of Sample III, when meat from the surface 
was used the methylen blue was reduced in one-half hour; whi le, if 
samples taken from the center required two hours for the reduction 
to be complete. The place of sampling appeared to have little effect 
on the hydrogen sulfid test. 

The hydrogen sulfid production test appears to be superior to the 
methylen blue reduction test as it furnishes a method by which the 
condition of the meat may be indicated before it reaches the stage 
of evident putrefaction, and, furthermore, the location of the sample 
in the meat does not seem to influence the result to as great an ex
tent. The methylen blue reduction test would be. superior if a test for 
advanced putrefaction was desired because it is more rapid and is 
slightly easier to run. 

Further investigations were made to see how much the results ob
tained in the use of the test for a routine method might be influenced 
by slight errors in technic and to see if the technic employed in the 
test might be improved so as to make the test more delicate or more 
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accurate. Ejght samples were tes ted using- different amounts of meat. 
Along with the tuhes conta ining one g-ram ot her tubes were u sed 
contain in g one- hal f a nd two g ram portions. Results showed that 
within this range the difference in th e. leng th of time required to ob
tain a positive test was insignificant. At no time was there a differ
ence in results between the tubes containing- one gram of meat and 
those contain ing two g rams . Occas ionally, one hour longer was re
quired t o obta in a positive t es t in the tube where only one-half gram 
was used . From these invest igati ons, it was concluded that in the 
routine use of the test extremely accurate weighin gs would not be 
necessary. One g ram appears to be the logica l amount of meat to use. 

l'he possibility of sub stituting peptone solution fo r in fusion broth 
was inves tigated. 'The re.sults were very un sati sfactory. The length 
of time r equired to obta in a positive t es t was in cr eased and the reaction 
,vas not as well defined. It was ' fo und that meat extract broth gave 
id entical results with infusion b!-oth. Broth which contained differ 
ent amounts of peptone, standard broth, one- half st rength broth, and 
double strength broth was tried. The r eaction g iven in half streng th 
broth was ordinarily as quick but not as st rong. No difference was 
noted betwee.n the resu lts obtain ed with standard and with double 
st r ength. 

To investigate the effect of the r eacti on of th e medium used, stand
ard broth was ad justed to the following pH's: 6.5; 6.75; 7.0; 7.25; anJ 
7.5. Between 6.75 and 7.25, there was little difference in th e r es ult s 
obtained wit h the six sa mple s tested. Beyond this range a longer 
period of time was requi red to obtain a positive test and the reaction 
was not as we ll defined. B roth adjusted to pH 6.8 or 7.0 seems to 
be at the optimum r eacti on fo r the production of hydrogen sulfid 
through t he ac tion of the anaerobic organi sms concerned in the putre
fact ion of meat. 

Summary 

An attempt to apply a t es t for in cipient putrefaction of meat based 
on the appearance of indol for min g organisms was unsuccessful. 

T hirty-six samples of hamburger steak were investigat ed by a test 
designed to show the increase in activity of hydrogen sulfid produc
ing organisms during the period before putrefaction can be demon
strated by organoleptic methods. The method of testing was as fol
lows: Place one gram of meat in a tube containing exactly 10 cc of 
s tandard infusion or extract broth. Suspend a st rip of lead acetate 
pape.r beside the cotton plug. Incubate at 37° Centigrade in an an
aerobic jar under partial vacuum. Examine and r ecord the number 
of hours necessary to ob tain b lac kening of the acet ate paper due to 
the production of hydrogen sulfid. 

Positive tests were obtained from comparatively good hamburger 
steak in seven to 10 hours. At the time when putrefaction became 
evident by the production of a fo ul odor, positive tests were obtained 
in two to five hours. Hamburger steak w hich does not give a positive 
test in six hours w ill keep at least three days in a good refrigerator. 
This is suggested as a tentative standard . 

Based on results obtai ned the test is recommended as being efficient 



2G MTCI-TTGAN TECHNICAL BULLETTN NO. 79 

in showing not only the first steps in putrefaction but also the amount 
of effective contamination. T he t.est is not extremely sensitive to 
errors in the preparation of the sample of meat used, method of sam
pling, or in the reaction o[ the hroth e111ploy'ed as a medium. 

The hydrogen sulficl test was found to be of Illore value than the 
Illet hy1 en bl ue red l1 ct ion test heca use it shows incipient rathe.r than 
advanced putrefact ion. 
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