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FOREW ORD 

The ,\clams project, "I-::eeping Q ualit ies of B utter. " was fi r st r epor ted on 
by Sayre. Rahn. an d Farrand (1) 0 f this secti on in P a rt 1. Genera l Stud ies; 
Techni cal Bullet in 1, 1908, R ahn, B rown . and S mith (1) presented P art 
II, T he I nfluence of Salt, and Part III. Th c Decompos iti on of Protein s. in 
Technica l Bulletin 2 . in 1909 , Brown and Peise r (1 ) presented Part IV. 
Cream R ipen ing and its I nfluence ( bacteri a in cream . their n umbers . and 
types and their itin era ry in t he manu fac ture o f butter ) in T echni cal Bullet in 
29,in 1916: and P art V. Pasteuri zation and its Influence ( a study of t he 
factors which influence the r es istance of lactic ac id bacteria to heat) in 
Technical B ull et in 30 , ill 19 16, B rown , S mi th. and R uehle continued t he 
work in "A Bacteriological and B iochemical Study of Experimental B utte rs." 
reported in thc J ou r nal of Dairy Science . V ol. III , pp, 375-405. 1920, .:'\[ 1'. 
Ruehle cont inucd t he work f ro111 that time until he left to head the depart
ment of bacteri ology at ]daho U ni\'e rsity ill September . 1926, 'The a nnual 
reports of the Bacteriologist of this S tation ba,'e made refe rence to develop
ments in the resea rcbes on this projec t fro m 1908 unti l 1927 when it was 
announ ced that ::\ r r. R uehl e had un dertaken to prepare fo r publi cation t be 
final rcsults of his studies on butter. Thi s hull etin. therefore, is a continu
ation 0 f the prc\'io'u s Par ts I to V and is presented under t wo headings
Parts VI and VII, It has been recommended that the pro ject "Keeping 
Qual ities of B utte r ," be discontinued as a majo r project. because of lack of 
fac ili t ies for adequately pu rsuing t hc studi es aggressively and undcr suitable 
condit ions, par ticularly wi th respect to cold storage, F ur ther ,vork on butter 
prohlcms v,·ill , of necess ity. need t() be incidental to the studies of market 
mi lk. The present co ntrihutions by ::\ r r. R uehle a re signi fica nt. 

-\i\Tard Gil tner. 
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C. L. .-\ . R UEHLE 

V I. EXPERIMENTS ON THE PRODUCTION OF METALLIC 
FLAVOR IN BUTTER AND MILK 

T he de \'elopment of off flavors in dairy products is very intricate and in
teresting. .:\Ioreover, it is very important to the dairy industry that a knowl
edge 0 f their causes be gained since flavor is perhaps the most important 
si ilgle factor in determining the price and even the salability of dairy 
products . There are some flayors. disagreeable in themselves, which directly 
affect the yalue of the product since they are quite evident to the consumer, 
while the re are other flayors not particularly disagreeable nor even noticeable 
totbe a\'e rage consumer which are believed by the butter buyer to indicate 
poor keeping qu ality. l\fetallic flavor belongs in thi s latter class and its 
presence may red uce tb e price of the butter several cents per pound. 

HBy metallic flayor is generally understood a semblance in flavor to the 
astringent, puckery, and metallic flav or whi ch is characteristic of metallic 
salt ' such as are formed by iron, copper, or zinc in acid solutions. 

" T his flav or defect is not always sharply defined, often being accompanied 
b~' other more or less pronounced off-fl avors. 

"Frequently it border s on oiliness, then again it approaches fi shin ess and 
occas ionally it appears to be a nuance of tallowy flavor." 

T he above quotati on is from Hunziker (2). According to Guthrie (3) 
the fl a \'o r is that of rusty nail s. E \'idently there are a number of conditions 
in dai ry products with which flavors are associated. These conditions al
though cl ue to different causes are hard to di stingui sh from each other by 
flayor alone. 

In tbi s paper. any fl ayor to which the terms metallic. astringent. puckery, 
fusty, brassy, or coppe ry can he applied will be regarded as metallic. In 
man y cases , the fl ayo r is not so much a flayor as an after taste due to the 
astringent act ion of some chemical sul)stance on the memhranes of the tongue 
and mouth. It is perfectly obyious that. theoretically, many uhstances 
besides metallic salts possibly could produce this effect. The addition of a 
small amount 0 f "Difco peptone" to milk produces a bitter, metalli c flavor 
at once. This has been demonstrated repeatedl y by the writer. The addi
t ion () f peptone to butter itself produces the same bitter astringent flavor. 
Accompany ing the bitterness and astringency there is also a distinct "nasti
ness" ::; im ilar to the off -fla\ 'or in butter usually designated as "unclean." 
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From the above facts, it can be readily imagined that a number of the 
off flavors in butter are due to decompositi ons of protein contained in the 
butter. 

Historical 

Very little work has been done on metalli c flavor . 110st writers on dairy
ing assume that it is due to metallic salts only. A few, however, mention the 
possibility of bacteria being concern ed either directly or indirectly in the 
production of the flavQr. 

Boggild (4) of Denmark, writing to Guthri e ( 5), of Cornell U ni\'ersity, 
made the following statement, " Vve here in Denmark have for a long time 
known that the same or a similar taste in butter can be due to rusty utensils, 
and in some cases to bacteria, and alsQ that the sQ-called fishy flavor is due 
to micrQorganisms." 

Golding and Feilmani1 (6) in E ngland made a study of some milk which 
had developed a metallic flavor. They found that contact with copper re
sulted in the solution of measurable qu.antities of the copper and the:,>' be
lieved that copper salts were largely responsible fo r the trouble , especially 
since the replacement of an 'Old, worn, tinned copper cooler resulted in re
lief from the trouble. They had isolated a large number of microorganisms 
f rom samples of the mi lk, and had been unable to obtain the flavor in in
oculated sterile milk; when, however, the role 'Of copper w.as discovered, 
it was fo und that a certain liquefying 'O rganism produced the flavor with 
marked regularity in the presence 'Of copper. 

They assumed that the copper salts checked the growth of the lactic acid 
flora, thus giving a clear field to the metall ic flavor organisms, as well as 
themselves contributing directly to the flavor. The flavor developed about 
18 hours after the addition of the copper salt and the organism. 

In the discussion fo llowing the paper , H. Droop Richmond stated that 
he had observed similar results and that the flavor occurred most frequently 
in pasteurized milk in winter. 

Guthrie ( 7), wQrking on various dairy products , came to the foll owing 
conclusiQn, "Direct abso rption of metals as well as the presence of members 
of the Bact. lactis a6di group 'Of bacteria and the presence of enzymes may 
cause metallic flavor in dairy products." 

He states that high acidity is a necessary antecedent of metallic flavor 
and a high fat content is necessary except in the case of buttermilk. Rosen
gren (8) after extensive work also found that cream exposed to such metals 
as copper, lead, and irQn acquires the characteristic tastes peculiar to the 
salts of these metals, especally if eXPQsure is made during high temperature 
pasteurization, and that these flavors are present in butter made from the 
cream. Oftentimes the flavors commonly fQund in butter such as unclean, 
tallowy, and stal e are due to metals in contact with cream or milk. 

Experimental Work 

The addition of peptone to milk and butter has already been mentioned 
as a means of producing metallic fl avor in dairy product. This work sug-
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gested some simi lar tests of decomposition products of proteins of definite 
chemical composition. Among the products of the decomposition of 
casein are the various amino acids which are the component "building 
stones" of the casein molecule. The following compounds were available 
in the laboratory: valine, alpha-alanine, glycocoll, leucin, aspartic acid, 
glutamic acid, histiclin hydrochloride, phenyl-alanine, tyrosin, and trypto
phane. Dilute solutions of these "vere made up in water and tasted with the 
follO\\' ing results: 

Table L-Tastes produced by dilute solutions of amino acids derivable from casein . 

Compounds tasted Taste 

Valine ...... . . . Sweet . .. . . ..... . . ... .. . ... . 
Alpha-alanine .. 
Glycocoll . .......... . 
Leucin (Sample ~o. 1) • . . 

Slightly sweet 
Slightly sweet 
Unclean ....... . ... .. . ... .. . 

Leucin (Sample No.2) . .. .. ... ... . . . .. . . ... ..... . . ¥''1~~!1e~~r .~OU~y ) : : :': : : : : : : : Aspartic acid . . . . . . . ..... . . . 
Glutamic acid . 
Histidin HCI ..... 
Phenyl-alanine . 
Tyrosin ..... . 
Tryptophane 

· Sickish . ...... ... . " ........ .. ..... "I A!mo.st taste}ess . . .. . . .... .. . 
· W arm-swcetlsh . . . 
· Tastelcss ......... . 

. . . . . . . . . . . . . . . . .. Practically tasteless 

After taste 

Metallic 
Slightly metallic 
Slightly lnetalli c 
Unclean 
Musty (or mousy) 
None 
Sickish 
Sl ightly astringent (metallic) 
Slightly astringent (metallic) 
None 
None 

Some of these compounds were added to soft, semi-fluid butter of good 
quality to the extent of 1 per cent . After these samples had been allowed 
to stand for one hour so that the chemical could go into solution in the 
moisture of the butter, they were tasted with the following results: 

Table H.-Tastes produced by additions of certain amino acids and "peptone" to 
Butter. 

Non e (control) .. 
Valine. 
Glucocol1 
Alpha-alanine . 
Phenyl-alanine .. . 

Product added to buttcr 

Histidine HCI ... . . 
" Bacto-peptone" . . 

Taste 

Good .... 
Sweetish 
Sweetish. . ... 
Swoetish . 
No change . .. .. . 
Slightly metallic .... 
(Unclean- slightly) . 
(Bittor- metallic) 

None 
Mrtallic 

After tasto 

Astringent (metallic) 
None 
None 
Metalli c 
Metallic 

A member of the Dairy Husbandry Section was asked to describe the 
fla,'ors in the butter without being told what to expect. His reactions were 
as fo llows: 

Valine-slightly bitter after taste 
Glycocoll-bitter after taste 
Alpha-alanine-sweet, some queer after taste 
P henl'l-alanine-----.:bitter after taste 
Histidin Hel-curdy taste 
"Bacto-peptone"-unc1ean, bitter after taste, will become fish,·-
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This difference in the descriptions of flavors by different persons one 
of the most di scouraging features of work of this type. The fact, howeyer, 
that both tasters recogn ized an off flavor has some significance from a purely 
scientific standpoint, even though the practical relationship of these ub
stances to metalli c flayor may be thrown in doubt. There is no doubt. how
ever. 111 the mind of the writer that these after tastes were metallic. 

Flavor in Milk by Aerobic Spore F orrners 

The forego ing results suggest the possibility that certain organism capable 
of splitting protein s can cause flavors similar to or identical with the metallic. 

Accordingly, aerobic spore bearing organ isms were inoculated into th ree 
lots of test tubes full of fresh milk. O ne lot was kept at 6° C. in the ice 
box. one lot was held at room temperature, and one lot at 37° C. Sterile 
milk was not used due to the astringent after taste of h ighly heated milk. 
! \ fte r 24 hours, the following tastes were recorded in the tubes held j 1 the 
ice hox: 

Table II 1.-Tastes produce d in milk by certain aerob ic spore f o r mers after 24 h ours 
in ice box. 

Taste as judged by 

Illoeulat ed with 

T R 

-------------------1-------------------

No organism- (COli t rol) ... 
B . mycoides . 
B . megatherium .. 
B . vulgatus. 
B. ramosus ........... . 
B . subtilis (L,tb . strain ) . . . . . . .. ... . .... 
B. subtili s (Amer . Mus. Nat. His!" strai n) . 

Swcet- clean 
Bitter- puckcry .. 
Like control . 
Woody .......... . . . 
Bitter- puckery .. 
Like control . 
Like control . 

Sweet- cloan 
Sweet 
Sweet 
Sweet 
Meta lli c 
Metalli c 
Metalli c 

The cultures held at room temperature and at 37° C. coagulated and were 
discarded without being tasted. 

At the end of 48 hours, the cultures helel in the ice box were judged a' 
fo ll ows: 

Table I V.- T a s tes p roduce d in milk by certain aerobic spore form ers after 48 hours 
in ice box. 

Inocula ted with 

No organism-(control) .. 
B. my coidcs . ..... . 
B. megatherium . . 
B . vulgatus .. 
B. ramosus . ...... . 
B. subtil is (Lab. ) ........ . 
B . subtilis (A. M. N. H .) . 

Taste as judged b~' 

T 

Not metall ic or puckery ... 
Meta ll ic . . 
Metalli c ..... . . 
Slightly metallic .. 
V cry metallic . 
Weedy .... 
Like control . 

R 

Slightly astringent 
Slight ly astringent 
Sl ight,\yastringent 
Slightlyastringell1 
Slightlyast ri ngell1 
Slightly astringent 
Slightlyastri ngell1 
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~\fter 4 days incubation in tf 
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B. megathcrium 
B. vulga tus . . .. . 
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B . ramosus ...... . ... . ... . 
B. subti li s (Lab.) ........ _ . 
B. subti li s (A. M . N . H. ) .. 
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are known to spli t proteins ca 
grown in milk. In section VII 
of the same kind. 

Experiments with liql1efyir 
ported above, an attempt had b 
such metalli c salts as are l1sua 
processes in butter and also ( 
From several low count cows 1 

interior surfaces had been c; at 
sterili zed. The cream was sef 
separator treated in the same , 
pasteu rized in a glass bottle at 
and sterile butter color were a 
agitation in a sterile glass speci 

This butter when plated gay( 

when fresh. The butter was I 

sterile glass culture dishes. 0 : 
other merely covered with a f 
months in the ice box which r 
6 ° C. At the expiration of this 
samples tas ted like old butter 1 

butter was metallic in taste. 
The butters were then both II 

an additional three and one-ha 
close of this period, the fo rme 
metallic, while the formerly se 
that the process is a progressi, 
through metallic to tallowy flavi 
an oxidase secreted by the org; 

The following table (Table ' 
the butters at various ages : 
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After 4 clays incubation in the ice box the milk was still flui d. The follow
ing tastes were recorded: 

Table V.-Tastes produced in milk by certain aerobic spore formers after 4 days 
in ice box. 

No organism- control . 
B. mycoides .. 
B. megatherium .. 

In oculat cd with 

B. vulgatus . .......... .. . 
B. ramosus 
B. subtilis (Lab.) .......... . 
B. subtili s (A. M . N . H.) .. . 

Taste as judged b~' 

T 

Old, oi ly, rot mctallic .. 
Mustard like ..... . 
Slight ly mctalli c . 
Mustard like ........ . ... . 
Old- better thaI) contro l . . 
Bitter . 
Old ..... ........ . 

H 

OIU- lIot metalli c 
Disagreeable- not metalli c 
Meta lli c 
Metallic 
Sligh tly bitter. vrl'y metall ic 
Metalli c 
Metalli c. slightly bit ter 

The foregoing results indicate rather clearly that certain organisms which 
are known to split proteins can produce metallic or similar flavors when 
grown in milk. In section VII, there are recorded numerous other examples 
of the same kind. 

Experiments with liquefying organi sms. Previous to the work re-
ported above, an attempt had been made to produce a butter ( 1) free from 
such metallic salts as are usually accused of being catalyzers of oxidation 
processes in butter and also (2) free or nearly free from microbic life. 
From several low count cows, milk was obtained in well tinned pails, whose 
interior surfaces had been coated with heated paraffin after they had been 
steri lized. T he cream was separated by standing overnight in a gravity 
separator treated in the same way as the milk pails. The cream was then 
pasteuri zed in a glass bottle at 65-70 ° C. for 30 minutes . Sterile lactic acid 
and sterile butter color were added and the cream was then churned by 
agitation in a sterile glass specimen jar. 

This butter when plated gave a count of 20 colonies per gram of butter 
when fresh. The butter was divided into two portions and packed into 
sterile glass culture dishes. One portion was sealed with paraffin and the 
other merely covered with a glass plate. They were stored for seven 
months in the ice box which maintained a rather constant temperature of 
6 ° C. At the expiration of this period, they were studied ag.ain . The sealed 
samples tasted like old butter but were otherwise all right. The unsealed 
butter was metallic in taste. 

The butters were then both left unsealed and replaced in the ice box for 
an additional three and one-half months' period. \;Vhen examined at the 
close of this period, the formerly unsealed samples ' were tallowy but not 
metallic, while the formerly sealed samples were metallic. This suggests 
that the process is a progressively aerobic one from normal butter flavor 
through metallic to tallowy flavor. Possibly it is an oxidation hastened by 
an oxidase secreted by the organism. 

The following table (Table VI) gives the colony count obtained on 
the butters at various ages: 
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Table VI.- Colony counts on experimental butter at various ages. 

Fresh butter Container 

Four months ... . .... .. . Scaled .. .... . ............ . ... . ... ... . ... . ....... .. .... . . . 
Unsealed .. .. ... .. . . . . .... . .. . .. . ... . .. . . .... ... .. . ...... . 

Six months ... . . ... . . .. . Scaled ... . ............................. . . . .. . .... .. ... . . . 
Unsealed .... ... .... . ........ .. . .. . . ......... .. ..... .. . . . . 

7Yz months . .. . Scaled .. . .. ...... . . . .......... .. .... . ... ... . .. .. . .. . ..... . 
Unsealed . . . . ... . .. ..... . ......... . .. . . . . . ... . . .. . ... ... . 

Eleven months .. . Scaled (formerly) . . . ...... . . . . .. . . .... . ... . . . ...... . ..... . . 
Unsealed (container broken. Not examined bacteriologically) .. . 

20 per gram 

21,600 per gram 
101,700 per gram 

20 per gram (600 molds) 
9 per gram (130 molds) 

47,000 per gram 
80,000 per gram 

290 per gram 

.... 

No satisfactory explanation can be offered for the erratic changes in the 
colony counts on these butters except the one that two distinct floras de
veloped, one succeeding the other by several months as suggested by work 
reported in section VII. There seems to be little doubt, however, that some 
growth actually took place. The metallic flavor which developed could not 
have been due to contact with metals since no metal surfaces had come into 
contact with the milk or cream at any stage in the process of manufacture 
or holding. 

At any rate, there was isolated from this butter an aerobic spore-forming 
rod which, when inoculated into either sterile or non-sterile milk, produced 
a very metallic flavor in two days at room temperature. 

The following is a description of this organism: Morphology: Long 
rods , occurring singly and in pairs the size of the majority being 2.6 by 
1.3 microns. The ends are rounded. Spores are central, oval. Rods are 
actively motile. Gram-positive. Agar stroke: Growth, gray translucent and 
abundant in 24 hours, filiform at first, later spreading. Elevation, flat. 
Lustre, dull; consistency, membranous. Gelatine stab: Stratiform lique
faction in 24 hours. Growth best at top. Potato slant: Growth abundant 
in 24 hours. Dull, yellow, verrucose. Nutrient broth: Membranous growth 
in 24 hours. Slight clouding; sediment, scant. Fermentation reactions: 
Acid but no gas from glucose, lactose, saccharose, and glycerol. No growth 
in closed arm. Litmus milk: Reduced litmus, coagulated and peptonized 
without a change in reaction. Diastatic action: Strong. Nitrate broth: 
Reduced to nitrite. 

A milk culture of this organism was then used as a starter in making 
the next experimental butter. The butter was made in a similar manner 
to the butters made with metallic salts added, "a," "b," H C," and "d" portions 
corresponding respectively to sweet cream butter, butter made with a lactic 
starter, butter made with a lactic starter plus a starter of the metallic flavor 
producing organisms, and a butter made with the latter alone. vVhen fresh, 
none of these butters possessed a metallic flavor but when 2 months old , 
"d" was pronounced astringent by all three judges while "c" was pronounced 
astringent by only one of them; "a," one of the controls, was pronounced as
tringent by t\\'o of the judges; "a," "b" and "c" all were moldy, the molds 
imparting a spicy flavor to the butter which made it difficult to recognize the 
metalli c Ba \'or if present. The same o rganism was reisolated from the 
butter. 
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/\ 1\ e:>; \>f ril11Cllt s imilar to t1 
l,tTful' ll1ed with another CUltUl 

Ilee ll isolated frOI1l :t . case of 

icl f nti~l ed as / /cllroJll olJac fcr 11 

se ri es of butters was made in 
T he butters when fresh were 
ta ste. J\ [ter three clays o[ stc 
1 Jlltt ers "c" and "el," the ones i 
pron ollll ced metalIi c, astrill genl 
count s on these butters were : 

(a) 22.000 per gr,un .. . 
( Ii ) 48 ,3;">0 per gram .. . 
(,, ) 1,:l !J9,000 per gram ...... .... ... . ......... . 
(d) (j~7,OO() P CI' gram .. . .... . . . 

Metallic flavor by B. subti 
wurk on ])utter , the effect of 
.w!Jlil-is group into milk has 
;t\'tLilable fo r this work: 

] . Bacillu s m ycoides 
2 . Bacillus m cgathc1'ium 
3. Bacillus 1IJiCscntcricus VUI 

4. Bacillus ramosus 
5. f1a cillus subtilis ( lab. CUll 

6. Bacillus subt ilis (Am. M 

A ll 0 [ these will liquefy cas 
t hem produced metallic fJa-\'o r 
icc box, while control tubes did 
to be correlated with the spee 
at 37° C. 

Experiments with iron lac 
certain ' cows of the college dai 
separated in a power separato 
steamed. This separator had b, 
plating was still intact. T his ( 
immersion in a hot water bath 
lllillu tes. T he next morning th 
Sl1 h j cctec.l to the following treat] 

(x) Churned immediately v
(y) Churned after adding ir 

o f cr eam. 
(z) Churned a f ter adding 0 

(w ) Churned after adding OJ 

at the rate o[ 200 par ts 
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1\ " t'~ Jleril1H'nt s i11libr to the ahove with more definite res l1lts was thell 
1,erfurIlwd wit h a ll () ther cultu re fro 1ll anot her so urce. Thi s organism had 
/,ee ll isola ted from a case of l) itte r m il k a year hefore a ll d has since lJeell 
id entiri ed as / !cltroJ1louac{cr liq1/ claciclls (Eisenberg) Bergey et a1. This 
series of butters was made in exactly the same way as the previolls one. 
The hutters when fresh were good except that "d" had a slight metallic 
taste. j \ (ter three days of storage and .again after two months of storage, 
llt ltt ers "c" and "d," the ones in oculated with metall ic flavored starters, were 
pron oun ced metall ic, astringent, or puckery by all three judges . The plate 
COUllt S 011 these bntters were: 

(a) 22,000 PCI' gr"rn 
(II) 48,350 per gram 
("J 1,:lfi9,OOO per gram. 
(d) G27,OOO per gr·am. 

3 Mo. (harden
ing room) 

1,000 per gram 
G,OOO per gram 
2,500 PCI' gram 

18,000 per gram 

3 Mo . 
(icc box) 

~,OOO PCI' gram 
1,3 fiO per gl':un 

9 J ,500 pel' gram 
25,000 PCI' gram 

Metallic flavor by B. subtilis g roup in milk. Since doing the above 
vl'Ork on Imtter, the effect of inoculating other members of the Bacillus 
Sllbtilis group illto milk has been triecl. The following organisms w ere 
a \'a i1:tble for this work: 

1. Bacillus mycoides 
2. Bacillus m cgathe1'ium 
3. Bacillus 11ILesentericus vulgatus 
4 . Bacillus ramosus 
5. Bacillus subt'il1'S (lab. culture) 
G. Bacillus sub6lis (Am. Mus. Natl. I-list.) 

1\ 11 of these will liquefy casein, the fir st doing so very slowly. All 0 [ 

them produced metallic Havor when inoculated into milk and placed in the 
ice box, while conlro l tubes did not. The rate of becoming metallic seemed 
to be correlated with the speed of liquefaction in litmus milk tubes held 
at 37° C. 

Experiments with iron lactate in butter. The mo rn ing m ilk ing o i 
certain ' cows of the college dairy herd was collected in 40 quart cans and 
separated in a power separator which had previously been washed and 
steamed. This separator had been used only a few times so that the tin 
plating was still intact. This cream was pasteurized in a 40-quart can by 
immersion in a hot water bath, at a temperature of 150° -160° }. for 15 
minutes. The next morning the cream was divided into four portions and 
Sl1 b j ecled to the following treatments: 

(x) Churned immediately without further additions. Sweet cream. 
(y) Churned af ter adding iron lactate at the rate of 200 parts per million 

of cream. 
(z) Churned after adding one pint of a good lactic starter. 

( w ) Churned after adding one pint of good lactic starter, and iron lactate 
at the rate of 200 parts per million of cream. 
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The paste llr ized cream ll sed i ll thcse ex per iments had a clean , sweet. 
s lig htl y ('( )()ked ta sie . Th e c reams with iron lactate add ed had a ve ry metalIi c, 
di sagr ceahle t:lst c and the same Illay be said ()f t he hu tte r l1l il ks a nd bu tters 
from these crealll s ("y" a nd " w· '). E ach lot o f bu tter was t hen packecl 
in to steri le g lass t oppecl mason jars and placed in t he ice cream hardening 
room in t he dai ry bui ldin g. j\ t· th e end o[ th e two days in colel storage . 
some of the hutt e r was remO\'ed and scored by th e w ri te r and two o ther 
j l1 dg'es , }\ 1 r . Tweed and l\T r. \ Vyant. T he res u lts are gT\'en in Tahle VIT . 

Table VII.- Iron lactate in butter. 

Scores and criticisms of butter when freshly made. 

Huchle T wccd Wyan t 

Hli itcr 

Scor'c' Cril icisms Score' C' ril iciHms Cri ticisms 

X- irorl free 36 Goou clea n flavo r. l ' n-
di ssoh,('d Halt . :3G Clean ae id (acdie) . 36 Good body. La cki ng ill 

f1avur . 
Y--iron :1:1 M etall-it .. ... ~32 Bitter, 1' lI sty ... 3:l Bitter , metallic 
~-i r o ll free . :38 Fin e, clea n ........ :18 Clean, ac id . ............ :38 Clean, mild acid 
\V- iron . :j;J Clea n, mild aroma. Me-

talli!" fbvo r .. 33 Bitler, rusty (1avor .. a I Clean, mild aruma . Ru sty. 
metallit flavor. 

'Scor'CS a r'C given on t ir e basis of 4.') for' perfect Ha vor. 

It was noti ceable tha t the m etallic Aayor ed butter was less metallic than when 
nrst mad e. Som e of the same butt er whi ch had been left at room t empera
iu re for t he same tim e was off -fla\'ored but did ll ot t as te m etall ic. 

F our m onths late r the bu tter was agall1 scored by .th e same j udges with 
th~ resu lts shown in Table VII I. 

Table VIlI.- I r on lactate in butter. 

S core and criticisms of butter when four months old. 

HUG hlc Tweed Wyant, 

Bu tter 

Score Cri lic i ~ms Scurc Criticisms Sec re Cri ticisms 

----- -

X- iroll free 35 Vcry salty, slightly for-
eign and pu ckery .. 35 Slightly bil ter . 34 Slightly bit ter like al-

monds 
V- iron . :32 Metallic- old . :32 M ptallic salt 31 Rusty 
~-i ron frce :3.1 Sli!!; ht ly oLi .. :l(j Clea ll - Slightly ft~ t . 36 Mi ld. d can . slightly old 
\v- iroll . :3:3 Slightly old . :33 Old-slightly bi t,ter . :~ 3 Slight ly rusty 

It wi ll be no ted that the Aa \ '0 1' of m etals wa so ind istinct that it was d iffi 
cult to r ecogni ze it, a lt hough the judges were look ing fo r it. The bu tters 
with th e iron lacta te , howe \'e r , sCOT'ed di stin ctly lower than the ones withou t 
the iron salt. 

KEEP ING 

The bacteriological results ~ 
nu mber s of bacteria . \ Vhen fn 

x = 800 per g ram 
y = 760 pe r g ram 

\ Vhen fu ur months uld the COl 

x = 900 per g ram 
y = 400 per g ram 

Experiments on Butter wit 
was done in a simi la r mann er i 
par ts per mil lion o f copper ]; 
hu tte rs, w hen fresh ha \'ing th E 

( a ) Control. Churned SWI 

cream, good clean flay or. 
( b ) Copper lactate add ed . 

were sligh tly blue in color and 
( c ) Cr eam plus starter , pIli 

hu ttermilk and cream slightly t 
( d ) C ream plu s starter. ( 
The r esults o f the sco ring at 

Table IX .-Copper lactate If 

Butter 

A (No CIl ). 
B- Cu). 
C-(Cu) .. 

D-(No CII ) 

*More so t,han 11 . 

Ruehle 

Score Criticisms 

38 Clea n, frrsh. salty .. 
34 Woody- milky ..... 
29 Rlls/!I- f' lightly bitter 

33 Cooked fl avor . 

wi ll be noted that th e metall ic A 
ing been made with copper lact 
sco red again with th e results a~ 

Table X.-Copper lactate in bu 

Huchle 

Rlil ler 

A-(No\'u). :n Mrlflllil' , fruily s: r1 1.1 
F\- ((,u ) 20 Ta ll o\\'~ ' , 6 ~ h ~ ' 

( '- (('u l 24 Fi,h.l, t:r II nwy 
D-(No Cn ) :i4 Old, mi lk,\' 
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The bacteriological results showed that the butters contained \'e ry low 
numbers of bacteria. \ Vben fresh the counts on the butters were: 

x = 800 per granl 
y = 760 pe r gram 

z = 1900 per gram 
d = 9000 per g ram 

\ Vhen fo ur months uld the counts were : 

x = 900 per gram 
y = 400 per gram 

z = 1700 per g ram 
w= 9000 per g ram 

Experiments on Butter with Copper Lactate Added. T hi s ex per im ent 
was done in a simi lar manner to the iron lactate experiment except that 200 
parts per mi llion of copper lactate was llsed in stead 0 f iron lactate, the 
but ters, when fresh ha ying the fo nowing characteristics : 

(a ) Control. Churn ed sweet. Butter, good fla \'or . Butterm ilk and 
cream, good clean flavor. 

( b) Copper lactate adckd. Butter tas ted good . Buttermi lk and cream 
were slightly blue in color and had a slight metal lic fl avo r. 

(c) Cream plus starter , plus copper lactate. Good tasti ng butter. 
buttermi lk and cream slightly blue, with sli ght metall ic fla vo r. 

(d ) Cream plus starter. Good tasting butter , cream and buttermi lk. 
The r esul ts a f the sco ring at the age of one day appear in Table I X . It 

Table IX .-Copper lactate in butter-Scores and cri t icis ms when fresh . 

Ruehle Twecd Wya ll l 

Butter 

Score Cri ticisms Sc:: rc Cri tic ::crr: s 

-------1- --1---------1---1---------1-----------

A (No ClI ) 
8 - CII ) , 
C- (CII ) , , 

D- (No e ll ) 

*More so than B. 

:)8 Clean, fresh. sa lt y 
:34 Woody- mi lky 
29 Rusty- Slight ly bit ter , . ' 

3:) Cook ed fl avor , 

:38 Clean, fresh, salt.I' ~ 8 Cood. sall y 
~:) Coppery , 3:) Slightl y ast rir l!('nt 
3() M riall ic- ( 'o)lWI"!I :34 SUl/hll!1 asln:lIocnl' r U1',1 

shrhil rl 1)1 /1 (1' 
:38 Clea n fla V ('t' 3(j He:! \'y ~a l t 

will be noted that the metalli c Flan)]- appeared onl y fa in tly in the hutters hav
ing been made with copper lactat e. }\ t the enel of 11 0 clays , the hutter was 
scOt-eel again wi th th e results as they appear in Table X . 

Table X.-Copper lactate in butter-Scores and criticism s w h e n 110 d:::.ys 0' .0. 

Ruehle Tweed 

Rutt.er 

(' r' ili r imlS C' rili ci;. ms 

A- (Nn CII ) , :n AI r /fili iI' , fru ily s:rl l,1 :):{ \\ '(I"dl 
B- (Cn) 2 1) 'Ta llowy, Dehy :! f-l T"II";,,y. ~n pl"" I",I ' . :-; li ~ l tI 

fi shy dfl" r I" HI .. , 
I 

Rlr,w hprl 
('- Wul 

:1 
24 Fi , hl'. h llow\' ~ n 

I 

\' cr.I' fi , hl'. l:ill n".I' 
, , , I ' 

Ill"arh·'] 
D- (No C' ll ) :1 4 OI« milky . :H Old " ream " 
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It will bc noted that the presence of the copper salt induced the develop
ment of fish y flavor and tallowin css and that the metallic flavor had almost 
entirely disappeared. These two butters were both somewhat bleached. 
T hese experiments are in accord with the work of H unziker and Hosman 
(9) and of Palmer and Combs ( 10 ) who found that the addition of salts 
of iron and copper to butte r resulted in the development of tallowiness and 
in a bleaching effect. H un ziker also states that the presence of copper salts 
hastens the development of fishy :Aayor when the conditions for its develop
ment are right, namely a hi gh acidit:,. Rogcrs (11) has shown by experi
ments that iron and copper salts hastell the development of fishiness and 
other off-flavors. Rosengren ( 12) has also shown that contact of the 
cream with iron , copper, or lead leads to the development of metallic and 
other off-flaYors. S trangely enough, in thc case of the copper, he obtain cd 
less metalli c taste when thc cream was sour than when sweet. 

Thc bacteriological resul ts 011 thesc lmtters, when fresh, werc as follows: 

(a) 350 per gram 
(b) 2000 per g ram 

(c) 5,575,000 per gram 
( d ) 15,235 ,000 per gram 

The resul ts of the counts at the age of 117 days were as follows: 

(a) 1700 per gram 
(b) 1520 per g ram 

( c ) 400 per gram 
(d) 2,190,000 pcr gram 

Discussion. The forego in g expe rimcnts w hil e limited in extcnt in 
dicate rather definitely that metallic flayor may be imparted to milk: and 
butter by the presence of iron or copper lactate and by the prcsence of the 
products of decompositi on of proteins whether these latter are addcd as 
such or produced by the presence of bacteria or their enzymes. . 

As fa r as our limited experiments go thc indi cations are that thc metallI c 
:Aayor due to metallic salts is likely to be succceded by tallowy flavor or othCl' 
undesirable flavors whi le the metallic flavor due to bacteria is likely to pe r
sist for an indefin/te period, if 110t actually to grow worse. JJ owever: it is 
thc opinion of thc writer that the prcscnce of iron and copper salt.s 1S the 
more scriou s cause of trouhlc, sin ce the nayors succecding thc lll ctalll c :Aavor 
are lllll ch morc cli sagrccabJ.c (hall t he 1lletalli c flavori(sel r. It is realized 
t hat mu ch more work necd s to be clone he fore wc havc enough clata to scale 
this latter point definitely. 

KEEPI NI 

VII. THE MICRC 

It is well known that l111C 

bring about various ferment;; 
is also quite generall y accept! 
huttermaker to make a fir st I 

dergone an undesirable ferm 
recent years, studies on the n 
is probably due to the fact th: 
off flavors in butter ar e due tc 
admits ,thc possibility of a 1= 

flav ors in butter but he belie\' 
be neglectcd. The present in 
mi crobial factors do playa p 
work on this project. 

1\s far as is known to the 
ill (lff- flavorcd butter has el" 
of the problem of th e spoilag 
the organi sm s pre ent in samr 
organisms for their ability tc 
idcnti fy or make a desc riptil" 

Representative colonies fror 
fished fro m the butter and ph 
a count of the Ii \'ing orgal1J: 
clon e on lactose agar. Occasi( 
lactosc gelati J1 e . mi lk powdel 
urc1i ll ary agar to which one c. 
u r plating. 

Colonies of Strc/J {ocoC(l{s I 

th ough they were the predomi 
hc consider ed to he the norm 
E \'cn when fi shcc1 , the colonie: 
the difficulty of maintaining 
mack, thcre hayc been dC\'elol 
SI r. !act is in stock for indef 
Ilwdil111l was knowll to 1l1 C WI' 

,c\ hripf ~ t;jiellK' Il( of l11r 1· 
along with other data to 1)(' PI' 



KEEPING QUALITIES OF BUTTER 

VII. THE MICROBIC FLORA OF OFF-FLAVORED 
BUTTER 

Introduction 

13 

It is well known that microorganisms by their growth in milk or cream 
bring about various fermentations which result in off-flavored products. It 
is also quite generally accepted that it is very difficult or impossible for the 
huttermaker to make a first class butter out of raw material which has un
dergone an undesirable fermentation or other decomposition. However, in 
recent years, studies on the micro-flora of butter have been neglected. This 
is probably due to the fact that certain workers have shown that some of the 
off flavors in butter are due to purely chemical processes. The present writer 
admits ,the possibility of a purely chemical change capable of causing off
flavors in butter but he believes that the possible microbial factors should not 
he neglected. The present investigation was undertaken to discover whether 
microbial factors do playa part, and this paper is a record of some of the 
work on this project. 

Previous Studies 

1\s far as is known to the writer, no systematic study of the flora present 
ill off-flavored butter has ever been attempted. As a basis for the study 
of the problem of the spo ilage of butter, it was thought advisable to isolate 
the organisms present in samples of off-flavored butters and then study these 
organisms for their ability to produce flavors in butter or in milk, and to 
id entify or make a descriptive study of the organisms. 

Representative colonies from each of the most abundant types present were 
fished from the butter and placed on plates made for the purpose of obtaining 
a count of the Ii ving organisms. The plating for this work was usually 
done on lactose ag·ar. Occasionally, other media were used. These included 
lactose gelatine. milk powder agar, and litmus milk agar. The last was 
urdinary agar to which oll e c. c. of steri le litmus milk was added at the time 
u r plating. 

Colonies of Strcj){ocOCClfS lactis were frequently not fished at all, evell 
though they were the predominating flora. This was because Sty. lactis may 
he considered to he the normal flora of either good or bad flavored butter. 
E\'en when fished, the colon ies were practically all lost in a short time due to 
the difficulty of maintaining them on agar. Since these isolations were 
made, there haye been developed media which are well adapted for carrying 
Str. lactis in stock for indefinite periods (13) but at tbat time no such 
Ilwdiu111 was kn()Wll to the writer. 

:\ hrid ~ t;jte11l ('l1t (If Ill(' hisl(l1-Y ()r ('({ch S ~1111Jllc is fOlllld ill Table XJ 
along with other data tn 1)(' presented hereinafter . 
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Table XI- Summary of Data Presented in Part VII , showing the History of Samples, 
Being Produced in Milk 

Butter Score 
sample on 

No. Bavor 

Age wh en 
tested and 

plated 

Bacteria colonies 
per gram 

Rr marks on 
colony COU ll t Cri t icisms of flavor of butter Organisms 

isolated 

-----1------1---------------------------------------1--------

TIm 1.. 34 . . 7 days 5, ,')30,000 Lactose agar Feed flavor , salty body, one sample oily . Oid. Bm 1 
Yeast Bm 1 
Bm 1 a . . 
Bm 1 b .. 
Bm 1 c .. 
Bm 1 d 
Bm 1 e . 
Bm 1 h 
Bm Ij .. 

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

13m 2. :).1 . . . . Fresh 88,000 Lac lose agar . ... Woody, sl. ;,strill l-': 'lit. Em 2 a . 
(4 days) 23 0 , 000 Li tm us milk agar 

plates . Bm 2 b 

I 

200 ,000 . ' Bm 2 c . 

_____________ liqUifi e rS~:i~ ______ I ___ _ _ ______________ I _~_i_d_2B_~_n_2_ .. _ . . __ 

Rm 1.. :1.') T .. 4 dars 
02 H . Oirl , 

02~1, 000 Larl os(' agar . 
5,000 

S( al~, UIl(;iran, i>f)r1y l<:aky . Oid. 13m :J 
Liqllifi ed milk . . 
Bm 3a yeast .. 
Bm 3b yeast 
(Liqllifics milk). 
Bm 1d ycast. 
Bm :3 e. 
Bm 3f . 

--------------------------- ------------·-----1------

13m 4. . 3:3 H . 4 days 

Bm ,5 .. 

13m 6 .. 

Em i . , 

33 1 :i H 

31 l' 
31 R .. 

33 1' .. 

30 T . 
30 IL 

7 days 

8 days. 

14 dnys. 

205 , 000, 000 Lac(osc agar . 
Oid. cols. :300. 

01, 000 

3,870, 000 Lactose agar 
(27 ,000 li:luifiers) Litmus milk agar 

:; , 150 , 000 

Cnclcan, oily, (Tweed ), old, curdy .. 

Pronounced stOf<lgC (Hagar ): w('('dy, oily 
(Tweed ), I'ancid, old mllchlc ). 

Olrl, sktie, ran cid 

Gasolin e (Hagar ). Old, bitter, oily , like 
old hu tte r eolor no t- tru e ~aso lin e fl avor 
(Rue hle a nrI Tweed ). 

Bm 4a 
Bm 4b . 
Bm 4c 

Bm 4d 

Bm 4e 
Bm 4f . 
Bm 4g _. 
Bm 411 .. 
Bm 4i .. 
Bm 4j .. 
13m 4k . 

Bm 41 . 
Bm 4m (Oidium ) 

Bm .'ia 
Bm 5b .. 
Bm 5e . 
Bm Sd 
Bm 5e . 
Bm 5f. . 

Bm 6a 
Bm 60id 
Bm 6 'feast 

Bm 7a 
Bm ib ... 
Bm 7c . 
Bm 7rI . 
Elm 7e . 
Oirl. Bm 7 . 

KEEPJNC 

Colony Counts, Laboratory Numbers of 
by these Microorganisms. 

- -------,-=c-======= 
Proportion or 

or' g;ani sms isolated 
to tol.a l flora 

100 PCI' gmm 
100 per gram 
100 pel' gr'am . 
If)OOO PCI' gram .. 
Abu ndant . . 
Abundan t . 
HO,OOO PCI' gram .. 

Predominant 

10 ,000 PCI' gram .. 
10 ,000 per gram. 
10 .000 per gram . 
4.'i0 per gram . 

4,000 PCI' gram 

1,000 PCI' gram 

I (J,OOO PCI' gram .. 
Pre rlomin:1 ll t 

Over 10,000 per gram . _ 
Over 10,000 per gr-am . 
RJv. 1,000 per gram . 
10,000 PCI' gram . 
1,000 PCI' gram . 
1,000 per gram . . 

Over 10 ,000 pcr gram 

Flavors produ eecl in milk 
when ~rolVn :tlonc 

Slight.ly st:tle . 

Sl. mct:tll ie, astringent not sou red 

Sweet., 51. 
Sweet, 81. 

Sweet , like co ntrol 

Sl ightly stale 

Sweet ; (2nd ) biller. sour, astr'ill !!: 
Bi tter, putrid, ('urdler! . 

Eli t tc"', pllt ricl , curdled, (lily 

Bitter, astri nge ll t . 

Sweet, sl. ast rillgc nt . 

SI. putrid, astringellt , (impure eu 

Yeas ty .. 

N:tsty , sta le . 

No change . 

Sweet , stale . . 
SI. astr in gent . 

Sweet, sl. astringent . 

. S~eet: ;,str:i ng 'nt , si I~ itter : 
Oily, yea:;t)', 51. astring 'lit 

Bi tte r, cheesy .. 
Bit ter, yeast-y . 
Oily, astringent . 

Pecans ...... _ 
S,veet.-nutty 
Cooked tast,e .. 
Peculiar taste 
Rweet, sl. astringcnt . 
Sweet" sl. stale . 
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Colony Counts, Laboratory Numbe rs of Organism.s Isolated, a nd Off-Flavors Capable of 
by these Microorganisms. 

Proportion of 
()f'ganisms isola ted 

to tot::d flora 

100 PCI' gl'am 
100 PCI' gram 
100 pel' gram .. 
I (l OOO PC I' I_( r:1m . 
Abundanl .. 
Abundant . 
U(),OOO PC I' I_( ram .. 

Predominan t . , 

10,000 pel' gram . 
10,000 pel' gram .. 
10.000 per gram .. 
4'>0 per gram . 

------------------------------------------~~ 

lc!a,·orR produ ced in milk 
when grown aloll e 

Sli ght !y slale 

SI. nwtallic, astringcnt not sou red , hi t tcr. 

Sweet, s1. astri ngcn t .. . " 
Swect, 81. astringc nt , IJittl' r . 

Sweet, like: co ntrol 

Vlavors produ ced in mil k 
whf' rl grown in associati oll 

with 8 lr.laclis 

Snur , oil,'·' astrin l_(ent. . 

Sour , mrlallic or vc'ry :1st ringent, hi((l'r 

Mor t' a~tr in l_( l'nt, ~(J lIl' ...... . 

MOl'C astrillgr nt., nol I,i tler. 

SO llr , ast ri nl_(c n! . 

Nalll c of or~alli~11l 

OOS[lora ~ p. 

Torula ~p. 

l\f. ref'( U 8 ]\1 igula 

Oospora sp, 

_____________ ---------------------------1----------------------------1-----------------_·-

4,000 PCl' gram 

1,000 PCI' gram 

10,000 pCl· gram . . 
Prctiumi n3nt . 

Sweet; (2nd ) bitl er. SOlif', astringe ll t 
Bi ttel', pllt ri d, ('1ll'dll:d . 

Hitter , put rid , curd i<-d , (l ily 

SO il I' , v(' r,\" astrin ge nt. , Oo£por:l ~ p , 

Sour, :1 ~t rin gc nt: (2nd ) oi ly putrid, ~oUl' Torula sp, 
BiLter , SOUI' , pu trid , l:ll nll pd . Torul a sp_ 

13i((n, sou r, putl'id, nily and curdled . 'ronda sp, 

Hitter, astri ngent Bi tte l' , ast ril ll_(r nt, sou r .. Torula op. 

Sweet" 81. ast rin l_( 'll t . Sou r, billrl', ast ri ngent ,. Eur thia zopfii (Eurlh ) '1'1'<'-
\' IRa n 

SI. pu trid, ast rinw:nt, (impure n Ji !.) .. SOlll' , curd led, old cream, oily, ast ri ngent Eurlhia zupfi i (1(urth ) Trl'
Vlsan 

Yeasty .,. Sour , yeasty , ast ringent . AchrOl:1o lm(:(r' r sp, 

Nasty , stale . 

No chanl_(' 

Sweet , s ta le. . 
SI. a~tl'in gl'nL. 

\,il legar,\', ast ringl'nt . Turula ~ p , 

Xo l'h:wge , ,'cr,\" sour , c!c, (con!:;tm-
inate<i ) . ........ . 

Sou r, Yc ry astringe nt . .. , , , . .. . , . 
Flavobacteri um FP, 

- -----------------1-------------------------------------- -----------------1--------------------

Ovcr 10,000 pc r' gram ... 
Over 10,000 per gram 
ReV, 1,000 PCI' gnlll1 . 
10,000 pel' I_( ram .. 
1,000 pCl· gram . 
1,000 per gram . 

Ovcr 10,000 per gram ... 

Swec t , 81. astrin l_(c nt 

. S ;~eet : ~~t l:i ll g 'nt, ~ i. iJ itt~ r . 
Oily , yeasty, ~ 1. astring 'nt . 

Bi tte l' , cheesy . 
B it tel', ycast,\' .. . 
Oi ly, astringe nt . 

Pecans . . . . . ,. 
Slveet,- nutty 
Cooked tast,;: .. 
Peculiar taste .... .. 
Sweet, sl. astringr nL. 
Sweet, 81. s(.a le .. 

SOUl', astrin gent 

Ill t~ l ; ~c l ;' a~tri l; ~~ l ;t " . 
Astringcnt 

Sour 

Sour , 1' ('1",' :tst rin w;en! . 

Kurth ia (Trcyisan) sp, 
Toru la .p, 
M icrococl'u8 FP, 
Torula sp, 

Ouspora sp, 
Torula sp, 

Oosporn sp, 



16 

BuLLer 
~ample 

No. 

Bm 8. 

Ern 9 . . 

BIll 10 . . 

S"ol'e I 
Oil 

flavor 

28 H .. 

23 T .. 
25 R. 

31.. 
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Age wilen 
tesLed and 

plated 

7 days . 

S day s 

II days 

Ba"Leria colonies 
per gram 

2,390,000 

370 , 000 

5.')0, 000 

Heill~ rk; 011 

colony COU ll L 

Lactose agar' . 

Litmus milk agar 
plaLes . 

Cri Li cislIls of fla VOl' of 1Ju Ltcr 

Rank, metallic, short grain, salvy (Hagar); 
stale, weedy, astrillgent (Tweed): sta le , 
greasy, sl. mctallic, astriog. (Fabian) ... 

Alkaline, une1ean, prono1r ll eed fl siliness. 

Tweed- old (not fishy ). 

Decidedly meLallic . . 

Table XI 

Organi"lll, 
i,olated 

Bm 8a . 
Bm 8b 
Bm 8c yeast 
Bm 8d . .. 
Bm 8e . . 

Bm 9 Oid ..... 
Bm 9a yeast .. 
Bm 9b . .. .. . 
Em 9c yeast . 
Em 9d ...... .. . 
Also many SLr-. 

lactis. 

Bm lOa Oid . 
Bm lOb yeast 

Bm 10c ... 
Str . laotis nut 

isolated . 

----------- ---------1------1----·-------------- -------
Bm [I .. 

Bm 12 .. 

Bm [3 .. 

() days. 87,000 Metallic OIl lit}, day ; fishy !.Ind tallowy on 
7 t h day. . . . . . Pre d 0 mill ant 

flora Btr . Iact.is 
not fished .. 

Bm 11a . 
Bm lIb. 
Bm lIe. 

------1----------1--------------1-------------1-------------------------------------------
3 clays. 12 , OiO , OOO 81. metallic 

2 days . 2, G30, 000 Metalli c 

Str. lactis pred. 
flora not fiRhcd 

Bm 12a Oid .... . 
Bm J2b Oid ... . . 
Bm 12c ... 
Bm J 2c1 yeast . . 

. . .. Mostly ['t. laetis 
nut isolated . 

Bm 13a Oid ... 
Bm J3 b Coc . 
Bm 13c Coco . . 
Bm 13d yeast . 

------------------------1-------------- 1-------------1-------------------------------1------------
Bm 14. Sever'al weeks 54,000 

Bm 15 .. . . . Several weeks Surface 390,000 Lactose agar ... 

Sub-surfa ce 449,000 

Kerosene- like 

Metallic on s1Irface 

Bm 14a . ... 
Bm 14b Actin 
Bm 14c . . 
Bm 14d. 

Bm 14e 
Bm 141'. 

Bm 15a . 
Bill 15b . 
Bm 15c . 
Bm l5d . 
Bm 15e. 
Bm 15f . 
Bm 15g. 

(Continued) 

Proportion of 
organisms isolated 

to total flora 

75,000 per gram. 
Predominant .... 
10.000 per gram .. 
250,000 per gram . 
10,000 per gram . . 

Many thousand . 
Many thousand . 
Many thousand. 
M any thousand. 

Few. 
Few . 

Few . 

10.000 per gram .. 
Many thousands. 

Many thousand .. 
Several thousand. 
10,000 per gram 
2, 000 PCI' gram . 

KEEPIW 

Flavors produced in milk 
when grown alone 

Bitter, peculiar, astringent .. 
Nasty, sweet taste. .. . .... .. . 
Nasty, sweet taste, astringent .. 
Sweetish taste . 

Yeasty, astringent .. 
SI. sour, stale. .. . ........ . 
Yeasty, sweet , astr in gent, sl. bit 
Astringent, oily,' intensely bitter 

and tastes yeasty .. . 

Sweet, sl. astringent ......... . 
Not sour, astringent, curdled 

curds, wheyed off. 

S1. astringent .. .. . . . . . 

Sweet . s1. stale . . . . . . . . . . . . . . 
Intensely bitter, astringent, whe. 

Sweet ........ . .... .. ...... . 
Sweet, sl. bitter ... ...... . 
Sweet ... .. .. .. ... .... . ..... . 
Vinegar, yeasty, sour dough .. 

Clean, sweet ... . . . . . 

Stale .... . . .. . 
Stale ....... . 

Predominant . Clean, sweet .. . ... . . .. . 
2,000 . . . . . . . . . . . . . . . Clean, sweet ..... . . .. . 
10,000 . . . . .. . . . . . . . . . . . M,aehine-oi l like flavor .. . 
50. . . . . . . . . . . . . . " Macbine-oillike flavor .. 

One-half as many as. . . . Pecvliar astringent flavor .. 

Predominant 

Clean, swcct ..... .... . . 

No change .... .. ... . 
No change, sl. bitter .. 
No change 
No change ..... .. . .... . 

1. Some variation in size from Bergey's classification. 



(Continued) 

Proportion of 
organisms isolated 

to total flora 

KEEPING QUALIT I ES OF BUTT E R 

Flavors produced in milk 
whcn grown alonc 

F lavors procluced in mi lk 
when grown in association 

with Str. lactis 

75,000 per gram ..... . . .. Bitter , peculiar , astri ngent . 
Predominant. Nasty , sweet taste Sour , vcry astringent . . ... . ......... . 
10,000 per gram . Nas ty, sweet taste, ast ringent .... Sour, ve ry astrin gent. 
260,000 per gram . . . Sweetish taste . 
10,000 per gram. . .. . .. .... . . . 

Many thousand .. 
Many thousand .. 
Many thousand. 
Many thousand ... 

Few . 
Few. 

Few . 

Yeasty, astringent.. SI. sour, very astringent . . ' .......... . 
SI. sour , stale .... . . .............. . .. Sour , stringent, sl. bitter ..... . 
Yeasty , sweet , astringent , 51. bitter . . . . Very astringent , sour .... " . . . 
Astringent , oily,'i ntensely bitter , smells 

and tastes yeasty. . . . . . . . . . . . . . . Same, only more intense ....... . 

Sweet, sl. astringent . ....... . . Same .. .. 
Not sour , astringent, curdled small 

curds, wheyed off .. ... .... .. . Sour , very astringent, nasty, curdled, 
wheyed off . . ... . .. . .......... . 

SI. as tringent . . . . . . . . . . . . . . . . . . . . . .. SI. astringent . . ...... ...... . . . 

Sweet" sl. stale . . . . . . . . . . . . . . . . . . . . .. Stale, sour . . . . . . . . . . . ... 

17 

Name of organism 

Bacillus terminalisl 

Torula spccies 

B . megaterium 2 (DeBary) 

Torula Rp. 
M. cereus Migula. 
Torula sp. 

10,000 per gram . 
Many thousands. In tensely bitter , astringent, wheyed off . Sour , astrin gent, whcyed off , curdled . . Bacillus 0)). 

Ma ll Y thousand .. 
Several thousand . 
10,000 per gram . 
2,000 per gram .. 

Sweet .. .. ...... . .. . 
Sweet, sl. bitter .. . . . 
Sweet .......... . .......... . 
Vi negar , yeasty, sour dough .. 

Clean, sweet. 

Stale . 
Stale. 

P redominant. Clean , sweet ..... .. . . . 
2,000 . . . .. Clean , sweet . . .. . . . . ... . 
10,000 . . .. . ... .. . . . . . . .M,achine-oillike fl avor .. . 
50 . . . . . . . . . . . . . . . . . . Mac hin e-oil like flavor . 

Onc-half as ma ll y as .. 

P redominan t ..... 

Pecflliar astringent flavor 
Clean, sweet . .......... . 

No change . . . 
No change, sl. bitter .. 
No change ... . 
No change. 

1. Some variation in size from Bergey's classification. 

Astri ngent .. . .. .. ......... . 
Sl. bitter , very astringent ... . 
Sweet ........ . . . . 
Vinegar, yeasty, sour dough. 

Astringcn t ......... . .... ... . . 

St~l'e', '81. sour, astr i n g~~ t ~ : ~ ~ ~ ~ ..... . . 
Stale, astringent .. ........ ... . . ... .. . 

Torula Rp. 

Torula sp. 

Sour , astringent .. M. och raccus (Hosenthall 
Machin e-oil fl avor ............. .. ... . 
Machine-oil flavor ... .. . . . ... .... ... . 
Machine-oi l Aavor. Achromobacl.cr sp. (Bergey 

Sour . .. ..... 
aou r, very astringent .. 
Sour , astringent. 
Sour .. 

2. Variation, nitrates reduced. 

et a l. l 

Microc~ccus sp. 
B. terminalis Migula 
Bacillus sp. 
Micrococcus sp. (colon) 



18 

Buttor Score 
samnl€ on 

No. flavor 

Bm 16. 

Em 17 . 

Bm 18 . 38 .. 

OB 1.. . 20 .. 

on 2 . . 20 . . . . . 

11ICHlGAN TECHK l eAL BULLETIN NO. 102 

Age when 
test,ed IIlId 

plated 

Few weeks. 

Fel\' weeks. 

Few we~ks .. 

2 mOllths . . 

2 months 

Baderia colonies 
per gram 

Remarks 011 

eo lollY COUllt 
Criti cisms of flal'or of butter 

2,400 , 000 Milk powdel' agar Metallic (.T. \\ ' .) odor of decaying an ima l 
matter , nasty, ammoni acal .. 

:3, iOO , 000 M ilk powder agar A kalinC', melall ic sl. ammoniacal odor si milar 
to Bill Ui. . . ....... . .. . 

JR , .'iOO , OOO Mil k powder agar Sl.l1letallic . 
plate 

58, GOO , 000 lITi croscopi c. 

T 
.3, 080,000 Lactose al(ar . . . . Sla Ie .. 
:3,450. 000 Lactose gelatine . 

(j;;.'i , 000 
545 , 000 

L:ld o~e agar . 
Lactose gel . 

Moldl·. 
Stale' 

n 
. . Rancid . 

... Moldy .. . .. ..... , .. 
'" .Stale . 

Table XI 

Organisms 
isolated 

Bm 16a . . 
Bm 1Gb .. 
Bm 11k 
Bm 16d ...... . . 
Bm 16e ....... . 

Bm 1ia 
Bm 17b . 
Bm 17c . 
Bm 17d . 
Bm 17e ....... . 
Bm 17 yeast .. . . 
Bm 17 Oid .... . 

Bm 18-1. .. .... . 
Bm 18-2 . 
nm 18-3 
Bm 18-4. 

Bm 18-5 . 

OB la . 
on lb . 
OB l c. 
OB 1d . 

OB 2a . 
OB 2b. 
OB 20 . 
OB 2d . 

------1-----------1-------------------------------------------------------1------------

OB 3 .. 

on 4 . .. 

OR 5 ... 

OB 6 . . 

. 32 T . 
;)0 R .. 

21 T . 
24 R . 

28 T . 
20lL 

2 mOllth~ .. 

2 mon(h~ . 

l ;ji , 000 
]:34 ,000 

\)20 ,000 
790, 000 

1, 0:30 ,000 
9GO , 000 

fJ20 , 000 
78.5 , 000 

Lactose agar . 
Lactose ge l . 

Laclose aga r . 
Laulose ge l . 

Lacl (l~(' agar . 
Lactos(' gel . 

Lacl csc agar . 
La ctose gel . 

Old 
Moldy ... 
Tallowy . 

foil. old 
Bilkr 
Salt . 

Old . 
1'"loldy .... 
Alkaline 

Old .. ... . 
Tallow\" . 
Bitter' 

.. Old ... 
· . Tallow) 

.' . Tallowy ... 
· . J\1dallie .. 

. ... Old ..... . 
· . Hallcid . 

· . Old . 
Tallow\, . 
Rancid' . 

on 3a .. 
OB ab .. 
on 3c . 
OB :3d . 

on 4a . 
OB 4b . 

OB 5a . 
OB 5b . 
OB 50 . . 
OB 5d. 

OB Ga . 
OB 6b 
OB 60 . 

------1---------1·------------1------------1----------------------------- ---------

OR 7.. 25 2 molllh s 3R.'i , 000 La c/ose :\1(<11' . 

103 ,000 Lal'iosc gel. 
Bitter . 
Salt .... 
Cheesy . 
Old . 

" YCI'Y sa lLy . .. . 
Biller . 
Old .. . . . .. .. .. .. . . 

on 7:1 . . 
OB 7b . 
OB 7c 
OB 7d .. 
OB 7e .. 

(Cont inued ) 

Proportion of 
organ isms isolated 

to total flora 

200,000 per gram .. 
200,000 per gram . 
100,000 pel' gram .. 
3, 100,000 per gram . 
200,000 per gram 

:100,000 ........... . ... . 
Several hundred thousand. 
100,000 
100,000 . 
Yeast . 
2,000 . . . 
5,000 . . . 

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

Flavors produ ced in mil 
when grown alOlIt) 

Yeasty, astringent. metallic .. 
Yeas ty , nasty, meta lli c .. 
Yeasty .......... . 
Yeasty, bitte l', astr . Inelalli c. 
Sweet 

Yeasty, alcoholic . 
Yeasty, a lcholi c .. 
Yeasty, alcoholic . . .. . 
Acid, yeasty . alcoholic .... . 
Bi tter, metallic , astringent .. 
Oily, hitter, astringent . 
Peculiar acid (48 hI'S.). 

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

Predominant . 
Nrany . 

Predominant ... . ...... . 
Predomi na nt . 
Numerous . 
10,000 per gram . . 

]<:I'enly divided allll abun
dant in all plates ..... 

Numerous . . ... . 
20,000 per gram ... . 
Numerous ...... . 
10,000 per gram ... . 

Numerous (very) . .. 
Numerolls. 

Numerous . . ...... . . . 
Numerous .. . ... . 
Numerous . . . 
10,000 per gram ..... . 

Numerous . 
Nu merous . 
Numerous. 

Numerous . 
Numerous . 
Numerous. 
Numerous ... 
20, 000 per gram .. 

No change ................. . 
No change , bolter than contra 
No cha nge, better than control 
No change, uetter than control 

No change, bettcr than control 

Yeasty .... 
SI. I'east\' . . 
SI. :\'east~' . 
Swcct. 

Slightly yeasty. 
yeasty . .. .. . 
I'l l. yeasty ... . 
Yeasty . 

leasty .. 
Sweet . 
:::; 1. yeasty ..... . 
. .. . ... . .. lost 

Yeasty .. 
Swect . 

Yeasty .. 
Yeasty .. 
lcast.I' .. 
Lost . 

Yeasty ..... . 
M usty, mold~ 
81. yeasty. 

Yeasty . . 
Yeasty . . . .. 
SI. yeasty .. 
SI. yeasty ... . . 
Yeasty, bitter . 

3. V'lriant of A. Sinosull1 (Wright ) Bergey et a!. 



(Continued ) 

Proportion of 
Ol'gan isms isola teu 

to tota l flora 

300,000 per gram ... 
200,000 per gram . 
100,000 per gram . 
2, 100,VOO P CI' gram . 
200,000 per gram .. 

:100,000 .. . . . . ... . .. ... . 
Several hulldred thousand. 
100,000 . 
100,000 . 
Yeast . 
2,000 . 
5,000 . 

Predominant .. . . . 
Many. 

Predominan t . 
Predomin ant . 
Numerous .... . . . 
10,000 pel' gram .. 

E\'enly divided anu abun
dallt in all plates ... .. 

Numerous . . ...... . 
20,000 per gram . .. . 
Numcrous . . . . . .. . 
10,000 PCI' gram .. . . 

Numerous (very) . . .. . 
Numerous. 

Numerous . .... ... .. . 
Numerous . .. . . .. . 
Numerous . .. .. . . 
10,000 per gram .. . 

Numerous . 
NU lllerous . 
Numerous . 

Numerous. 
Numerous. 
Numerous . 
Nmnerous . . . 
20,000 per gram .. 

Fia vors produ ceu in mil k 
WI"'11 grown a lon e 

Yeasty. as tringe nt, met:dli c .. 
Yeasty, nasty, metalli c .. 
y easty .......... . 
Yeasty , bitler, astr . metalli c .. . 
Sweet 

Yeasty, alcoholi c . 
Y casty. a lch oli e .. 
Yeast)' , alcoholi c ..... . 
Ac id . vcastv. a lcoholi c ..... . 
Bi ltcr·. met;,lli c, as tringent . 
Oily, hi Lter. astringent . 
Peculiar acid (48 hI's.) ... . ......... . 

No change ................... . 
No change, bolter t han control . 
No change, better th an control. . . . 
No change, bettcr t han control. .. 

No chan gc , beL ter than con trol. 

Yeasty ... 
RI. ycast\'. 
01. :\'eas t~ 
owed . 

Slightly yeasty. 
y easty .. . . . . . 
S1. yeasty . .. . 
Yeasty. 

l easty .. 
Sweet ..... 
::; 1. yeasty . 

i(;s t: . 

y easty ..... . . . .. . 
Sweet. 

leasty .. 
Yeasty . . 
Yeasty .. 
Lost . 

y easty ....... . 
J\j usty , lJloldy . 
81. yeasty . 

Yeasty . . 
Yeasty 
Sl. yeasty .. 
SI. yeasty .. .. . 
Yeasty, bit ter . 

:3. Variant of A. Sinosull1 (Wright) Bergey et a!. 

Flal'Ors prouuccd in mil k 
when grown in assoc ia tioll 

with 811' . {(I cl is 

Yeasty, sour, metalli c ..... 
Yeasty, sharp ac id, melal .. 
[n lcnsely ,Yl'asly , S011r ... 
Acid. yeasly, as tringen t . 
Sour , as tringen t . . . .. . . . .. ' .. 

Ye:lst.\', S(lur, alcoholi c ..... 
Nasty. yeasty, alco holi c. acid . . 
Nasty , yeasly, al coholi c. acid . . 
Nasty, yeasl.\' . a lcoholi c. acid . 
Bi lter. melalli c. oily, pu tl·id . 
Oily, bit ler , astringen t, sour . 

Sou r, astringe nt . 
S OUl' . . 

Sou r 
Sour . . 

Sour . . 

Rour. yeas ty . ... 
81. sour. n asty . 
81. SO Il!· . 

Sour ............ . 

SI. ycas ty, SOUI' . 

Sou r', yeasty . 
Sour , ycasly . 
Sour, ycasty . 

SOU I' . int ensely yeast.\·. 
SI. sour . . . .. 
Yra~ty , sou r . 

Yea st.\', oily, S01ll' ...... . 
Peculiar swedi sh taste . 

Yeasty, bit te r, astringent 
Sou r. yeasty .. . 
Roul', yeasty. 

Yeasty, iJi llN , :lstriIIRcnt. 
Sou r, .yeasty . 
SO\1l' , yeasty . 

Yeasty, sl. sour . 
Sour , yeasty ... . 
Rom, yeasty ... . 
Sour . yeasty ...... . 
Yeasty, as trillgent . 

Name of organism 

Mi cl'ce('ccus sp. (culf' n) 
Mi crcc(:ctUS sp. (cololl ) 
Torula ~ p . 
M icrocoCl us sp. 
M icrococtuS sp. 

Torula sp . 

M icroeccc us sp. 
Torula sp. 
Torula sp. 
Torula sp. 
Oospora sp. 

Ac hrmll obactcr f in osum 3 

Flavobaderiurn diffu sum 
(Franklllnd) Bergey. et al. 

Achrcmobacter butyri 
(Grimm ) Bergey, ct al. 

Torula sp. 
Tonrla sp. 

Torula sp. 
Torula sp. 
Torula sp. 
Torula sp. 

Torula sp. 
Torul,. sp. 

Tonda sp. 

Toru la sp. 
Torula sp . 

Torula sp. 
Tor'ula sp. 

Torula sp. 

Torula sp. 

Torula sp. 
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Table XI 

Butter Se:ure Age whell 
tested alld 

plate.d 

Bacteria colullies 
per gram 

Helllarb 011 

co lullY celtlllL 
OrgallitluIK 

isolattd 
~ample OIl CriticiHIllS of Ha veH" of butter 

No . flavor 

OB 8 .... 

OB 9 . .. 

OB 10 .. . 

OB 11 ... 

5 X .. . . . 

5Y .... 

5 Z ..... 

23 '1' . .. n~ months ... 

25 R .. . .. . . .. .. . . . .. 

34 '1' ... lYz month s . .. 

33 R ... . ... .... . ... .. 

36 '1' ... lYz months .. . 

33 R .. . .. .. .......... 

36 ..... lYz months. 

36 .. 3 days .. . .... 

34 .. 4 months ..... 

41. 18 months .. ' . 
33. 4yr.lmo . . .. 

32 ... .. 3 days ....... 
32 .... . 4 months ..... 
32 ..... 18 months . 

3,900,000 

3,290,000 

560,000 

486,000 

T 
Lactose agar . . .. Moldy . 

Old ..... 
Lactose gel .. 

Lactose agar ... S1. moldy . . 

I{ 

Moldy. 
. . . Old .... 

.... . S1. moldy .... .... . .. .... . 
Bitter ... ..... Bitter .. . .... ... .. 

La ctose gel . . . .. Salt ......... .. . Salt . . . . ... .... .. 

013 8a .. 

013 8b . 

OB 9a . 

013 9u . 

1,080,000 Lactose agar . . .. Old ........... . Old . . . . . . . . . . . . . .. . . . . .. 013 lOa ....... . 
Bitter Bitter . . .. .. . ..... ... ... . 

940,000 Lactose gel. . . . . Salt ... . . ...... Salt . . . . ... , . . . . . . . . . . . .. 013 lOb .... . .. . 

2, 560,000 Lactose agar .... Old .. .......... Old ... . ................ OB l1a. 
Bitter .... . ..... Bitter ... . .... .. . .... . 

2)90,000 Lactose geL .... Salt ............ Salt. .. .. . 013 llb . 

800 

900 

1,800 
150 

760 
400 

1,900 

Lactose agar .... 

Lactose agar .... 

Good clean flavor (Il); clean acid (acetic) 
('1' ); good body, lacking in flavor (W) ... 

Slightly bitter ('1') ; slightly foreign (R); 
slightly bitter (W) .... . . ....... . . . ... . 

Clean ('1'); clean (R ) .. . .. .. . .......... .. . 
Tallowy, old ... . ......... . .. . . ...... ... . 

5 Xl 
5 X2 : ..... .. 
5 XL .. .... . . . 
5X4 ....... . .. . 
5 X lO ......... . 

Lactose agar. . .. Bitter, met. rusty . .. . . . . . . . . . . . . . . . ...... 135 Yl. ...... .. . 
. . . . . . . . . . . . . . . . Old, metallic, rusty, metallic salt . . . . . . . . . . None .... . ... . . 
. ... .. .. . . ...... Weedy, tallowy, metallic . . ............... 135 Y4 .. . .. ... . 

5 Y5 .......... . 
33 .. ... 4yr. l rno .... Plates lost ....... ................ Tallowy, metallic . . ..... . ....... . .... ... . None ......... . 

38. 3 days ...... . 1,900 Lactose agar ... . Fine, clean, mild acid, clean acid . ....... .. None . ......... 
36 . 4 months ... ,. 1 , 700 ...... . . . .. ..... Sl. old, mild, clean 81. flat . . . .. ........... . 5 Z4 .... . ...... 

5 Z5 ....... . ... 
39. 18 months . . . . 4,100 . .. .... . .. . ..... Tallowy, metallic ........ ............. .. . 
:~5 .... . Cooked, old .................... . ....... Bv ZlO ...... . .. 
38 ..... 4 yr. 1 mo .... 150 Lactose agar .. . . Sl. tallowy ............ .. ......... .. .... . None ... . . ..... 

ij W . . .. 33... .. 3 days ...... . 9,000 aerobic . ... . Lactose agar .... Metallic, bitter, rusty . .. ..... .. .. ...... . . 135 Wl. ...... .. 

VIa .... 

33 . . . .. 4 months . . .. . 
33. . . . . 4 months .... . 
3il. . . .. 18 months . .. . 
35 ..... 4 yr.lmo .. .. 

2.3,000 aerobic . .. . 
840 
850 

1,900 
75 

36 .... . 3 days...... 22, 000 
39 ... . ... . . .. . . . . .. . ............. . . . .. . 

!L ... '3 '~~~th~::: :: '0 '(o'o(j ~~~~).::: :: 
34 .... , .............. 3,000 (ice box.) .. . 

~L ::: · i8 ·~~;1·til~:::: ............ 2;500 · 
35 ... .. 4yr. 2mo. ... 1,100 

Rusty, metallic clean, mild aroma . ....... . 
SI. old, 81. rusty tang . ....... .. . . . ....... . 
SI. bitter, old . . .. ......... ......... . .... . 

B5W4 ..... .. . . 
135 Wll ...... .. 

Metallic, salty .......................... . 
Tallowy, old ........... . ... . .. .. .... .. . . 

None ......... . 
None .... ... .. . 

Clean , sweet .. ... .... .. . ............... . VI aa . ........ . 
Trifle flat .. . . . ............ . ............ . VI a .......... . 
Oily ... . .. .. .. . ... . ..... .. ... ......... . 
SI. old, woody . ........................ . . VI a8 . ... .... . . 
Sl. old, mild .................. ... ...... . VI a9 ......... . 
SI. moldy, old .. .. ... . ... .. ............ . . 
Trifle tallowy, flat ..... . .. .. .... .. ... . .. . VI al0 ....... . . 
Tallowy . . ..... .. .... .... .... .. ........ . VI all ...... .. . 

VI a12 .. ...... . 

KEEPING 

(Continued) 
----=--_.-==. -,--- --_._-------

P roportiull ur 
urgallisms isolated 

to total f!or~ 

P redominant .. ... . 
(Surface cols.) 

Predominan t .... 
(Deep cols.) 

P rellomi llan t .. 
(Surface) 

Predomi nant . 
( Deep) . 

Predominant .. 
(Surface) 

Predominant . 
(Deep) 

Predominant .. 
(Surface) 

Predominant. 
(Deep) 

70 per gram . . . 
l)redominan t . .. . 
20 per gram .... . 
Predominant ... . 
Predominant ... . 

1,'L,\'urs pl'cJclLJe~el ill milk 
whell grown aloll c 

Yeasty, s1. bitter ... 

Yeasty .. 

Yeasty . 

Yeasty .. 

Yeasty, bitter, astringcnt .. . . ... . 

yeasty ....... . .. . 

Yeasty, bitter, astringent . 

yeasty . . ... . 

No change ....... . 
No change in milk . 

No change ........ .. . .. . .... . . . 

20 per gram. . . . . . . . . . . . Bitter and oily .. ..... ......... . 

Predominant ... . ...... .. No change . ...... . . .......... . . 
Many .... . ............ . No change ............. ... .... . 

P redominant .... ...... .. No change (no growth in milk) .. . 
Many ................. . 

No change ... . ................ . 

Astringent, bitter, burnt ........ . 

P redominant... .. . .... .. No change . ... . ... . ....... . ... . 
. . . . . . . . . . . . . . . . . . . . . . . . Putrid taste and odor ..... . . 

3,500 per gram . . , . . .. .. . Bitter, metallic .... . ... .. . . 

Predominant .... ....... . 
Many . .. . ....... . ...... Sweet, sl. putrid, unclean .. 

Few . . . . . . . . . . . . . . . . . . . Sl. bitter (red on surface) . .. .. . 
. ... . ... ........... . ... . Sl. bi tter .................... . 
.. .. . .... ...... . . .. . ... . No growth in milk . ........... . 

4. Ncar to A. Jipolyticum (Huss) Bergey et a!. 



(Continued) 

Proportion uf 
urgallisll1s i:lolat(·cl 

to total flol' :]. 

Predominan t . ..... . 
(Surface cols.) 

Predominant . .. 
(Deep cols.) 

Predominant. 
(Surface) 

Predominant. 
(Deep). 

Predomillant. 
(Surface) 

Predominan t. 
(Deep) 

Predominan t . 
(Surface) 

Predominant. 
(Deep) 

70 per gram ... . 
Predominan t . . . . .... . .. . 
20 per gram ... .... .. ... . 
Predominan t . .. . .. . .... . 
Predominant ........... . 

KEEPTNG QUA LTTTES OF nUTTER 

1 " la\'ur~ produt't·d ill Ill ilk 
whe ll ~ r u wn alolle 

Yeasty, sl. bitter . 

Yeasty. 

Yeasty. 

Yeasty. 

Yeasty, hitter. astringent . . . .. .. .. . 

Yeasty . . 

Yeasty, bitter, astringent . 

Yeasty . . 

No change .. . . ' .... 
No ch:llIge inlllilk . 

No change ..... .. .. .. . . . ... . ....... . 

]lla \' ()r~ produce!! in wilk 
when grow n in associatiOlI 

with Str. taclis 

Sour, bitter, very astringent . . 

Sour, yeasty . .. .... . 

Yeasty, sl. sour .... . . 

SOU l', yeasty ......... . . ... . ........ . 

Yeasty, sl. sour ... ........ . ......... . 

Sour, yeasty ... . .... ... ..... . ... .. . . 

yeasty .. .. . ....... . ......... ... ... . 

Sour, yeasty . 

SI. bitter, astringent, slmrp, acid. 
Sour ... . ..... ... . .... . ............ . 

Sharply acid . 

Name of (lrgal,ism 

Torula SJ1 . 

Torula sp. 

Torula sp. 

Torula sp. 

Torula sp. 

Torula sp. 

Torula sp. 
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Achron lobactrr lipolyticllIII l 

20 per gram. . . . . . . . . . . . Bitter and oily. . . . . . . . . . . . . . . . . . . . .. Sour, weedy, astringent . ... , . . . . . . . . . Sec footnote 4. 

Predominant. . . . . . . . . . .. No change . . . . . . . . . . . . . . . . . . . . . . . . .. Sour ... . . ....... . ... ....... . ...... . 
Many .............. . . . . No change . ..... .. . . ............ . ... Sour, astl·ingent . ... ........ . . .. . ... . 

Predominant . .. ........ . No clJange (no growth in milk) .. Sour ...................... . . . ... . . . 
Many .. . ........... . . . . 

No change . . .. . .. . ............... . Sour ... . .................... .. .. .. . 

Astringent, bitter, burnt ...... . ... ... . Sour, bitter, astringent .... . ... ...... . 

Predominant .. . . .. ...... No change .... . . . .. ......... . ....... Sour . . .... . .. . .............. . .... . . 
. . . . . . . . . . . . . . . . . . . . . . . . Putrid taste and odor. . . . . . . . . . . . . . .. Sharply acid ... .. ... . ..... .. ....... . 

3,500 PCI' gram ......... . Bitter, metallic . ... . ... ... . ........ . . Sour , sl. bitter, oi ly . ..... .. ...... . .. . 
.. ... .. .... . ..... . . . . .. . . ... .. . . . ... . '" . . . Astringent ... .. .. .. '" .. , .... . .. ... . 

Predominant ... .. ... . .. . 
Many .................. Sweet, 81. putrid, unclean . . . Sour, O. K ................. .. ... .. . 

lrew ................ . . . Sl. bitter (red on surface) . .. ... . .. . . . . Sharply acid ... .... ..... . ......... . . 
SI. bi tter. . . . . . . . . . . . . . . . . . . . . . . . . . . Sour . . .. .. .. .. ... ........... .. .... . 
No growth in milk . ... . . ...... . 

4. Ncar to A. lipolyticum (Huss) Bergey et a!. 
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Butler 
sample 

No. 

VI b . 

VI c 

T\frCH TCA N TECtfN ICAL BU LLETI N NO. 102 

Ncore A ~c wh en 
OIl tes ted alld 

flavor plated 

40 .. 3 days . 
37 
:W ~ .. 

:35 3 months. 
:14 
:i4 
4:3 18 mont hs. 
40 4 yr. 2 mo . 

33 . . . .. 3 days ..... . 
31.. 

34 1 :, 

:34 ~ .. 
3:3 .. 
:32 
:39 . 

:38 .. 

35 

18 mo n t h~ .::. 

4 yr. 2 mo .... 

B:tdcria culuni es 
per gram 

48,000 

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

G.OOO (O°e room) " 
1,3.50 (ice box ). 

5,900 
100 

1,359,000 

2, 5'00' (O~ r~~;l~i : . 
!) 1 ,500 (icc box ) . . 

7:3 , 000 

1,330 

Ee marks all 
culollY count Criti cisms of f1avol' of butter 

Clean, fresh . 
Old, rusty . 
Oily ... 

SI. old. nlstv .. . 
SI. old. mild .. . 
SI. moldy, old .. 
Clean, sweet . 

Bitter, astringent ...... . .......... ... ... . 
Old, bitter, astringent . .. .... . .. ... .. .... . 

Table XI 

Organisms 
isolated 

VI b . 

VJba ... . 
VI b8 . 
VI b9 . .. . 
VI blO .. . 
None .. .. . . ... . 
None ..... .. . 

VI ce . .... . . . 
VI c . .. ... . . 

Stale cream . .. ......... . ....... .. ..... ... .. ... ... .. . 
SI. metalli c ...... . .... .. . .. ... .. . ...... . VI ca . 

~ :: ~!~~YIT~nt,. ~ru.i~~:: : : : : : : : : : : : : : : : : : :. VI cb . . . . 
Tallowy , old , unclean . .. . ... .. VI e8 . . . . 

VI c9 .. . 

Old , sl. alkaline . VlelD .. . .... . 
VI cll ... .. .. .. 
VI cl3 . .. ..... . 

--------------------1--------------1------------1------------------------------·1------------
VI d ,. 

VII a . 

vn h 

33 . .. 
:32. 
27 .. 
:H 

33 .. 

87 . . 
:30 

~7 .. 
28 .. 

38 . . 

35 . 

35 .. 
36 .. 
:18 . 
34 . 
2L 
35 
30 ... 

38 . . 
39 .. 
40 . . 

3 days . 627,000 

. ;i l;l ~ ;ltil ~: . is:o'oo ( O~C·. ~~~;~ ) 
25, 000 (icc box) . 

18 months . 
4 yr.2 mo . 

2 days ... 
3 mont hs ... . . 

[ Y I· . 4 mo. 

4 years. 

1, 900 
400 

6,400 
4:3,000 

12 l , OOO 
2 [8 , 000 

33 

2 day~. 342, 000 

3 month s. . . 30o(c~icl l'o~ r~ i . 
:300 (icc box) . 

1 yr. 3 mo ." 90 ,000 

4 years . 33 

Lactose agar . 
(DoC. room) ... . 
([ce box ) . ... . . 

Lactose agar. 

Askingent . . . 
SI. bItter and astIlngcnt 
MetallIC . . 
SI. metalli c, sl. old .... 

SI. astringent . .. ..... .. . . .. ..... . 

SI. metalli c. 

Tallowy, stale . . .. ... ...... . ... .. . ... .. . . 
Metalli c, ta ll owy . . ... .. . .. .. .. . 

Good, clean, light flavor . ... ...... .. . ... . 
Moldy, spicy, old , astringen t.. .... . 

Tallowy, old . . . 

Greasy, tallowy, curdy. 

High acid , s1. met . 
S1. old cream .. . 
Clean . . . ... ........... . . ..... . . 
Old cream, s1. bit .. .. ... . . ..... ... ... ... . 
Sl. moldy, spi cy .... . ... ..... .. . . 
Clean, mild ..... . ... . ..... .. . 
Old , moldy ... . ... . ... . 

Old tallowy, metalli c, bitter salt . . . 

VI dd ..... 
VI d .. 
VIdf. 
VI da . 

VI db . 

VI de . ........ . 

VI dS .. 
VI dlO . 
VI dll . 

VII aa . 

VII a4 . 
VII a5 . 

VIIato .... . . . . 

VII ba 

VII b4 .. . 

VII b5 .. 
VII b6 .. 
VIII b7 . 

S1. old, tallowy . . . . . . . . . . . . . . . . . . . . . . . . .. VII b 10 .. 

(Continued) 

Proportion of 
organisms isolated 

to total flor a 

Many . 

Many . . .. 
Predominant . 
Many ... 

Predominant . 

P redominant . 

. S~~: thousand .. 

Many . . . 

·11~1~);. : : : : : : 
30,000 . .. . 

80,000 . ... . . 

P redominant.. 

Predominant .. .. ' 

Predominant .... . . 
30,000 per gram .. 

Predominant . 

l'redomi nan t .. .. .. . . ... . 

l'rcdomi nan t . 

. rl"ho'~s~'n'cis' p~~ 'g'r~ln ... 
Thousands per gram .. 
Hundred per gram . 

Predominant ..... 

.5. Alkali producer . 

KEEPING 

Flavors produ ced in milk 
wh en grown alone 

Bitter, sw. curd ling . 

No change .. . .... .. .... . 
Sweet, astringent, weedy .. 
No change . . . .. . .. .... .. . 

Bitter. oily . 
No change 

SI. bitter .. . ...... . 

Sweet, astringen t . 

S1. sour 
Sweet ... . . 
Sweet ......... . . . 
Oily, 81. metalli c .. . 
Swe.et .. . .. 
No change . 
No change . 
No change . 

Weedy, oily, astrin gent . . 
Bit ter, SW. , curdling. 

. Bitter , weedy : oi l;; ... . 

Bitter, ast ringcnt .. . 

Bitter (not curdled). 

No change in milk ...... . 
No change, good growth . 
Metallic . 
Slightly bi tter . 
No change . 

[n tensely bitter ....... ....... . 
Bitter. weedy ... . 
Very bitter ................ .. 
Bitter , pu trid (pu trid odor) .. 

No change- no changc .. 

No change . 

No change . 

6. Near t.o Micrococcus saccat.us mi gula .. 
7. Ne3f to AchromobilcLer llebulosul.ll and Achromobartcr Kcnj( 



(Continued) 

Proportion of 
organisms isolated 

to total flora 

Many . 

Many ....... ' 
Predominan t 
Many ... 

J'redominan t ... 

Many . 

Predominant .. 

Sev. thousand . 

Many . 

. ~1~~Y·. : : : : : : : : .. 
30,000 ..... .. . 

80,000 ..... . 

l' redominant 

Predominant .... . 

Preclominant . . .. . . . 
30,000 per gram . 

Predominan t. 

KEEPING QUALITIES OF BUTTER 

Flavors produced in mil k 
when grown alone 

Bitter , sw. curdling . 

No change .. . ............ . 
Sweet, astringent, weedy .. 
No change . 

Bitter. oi ly 
No change . 

S1. bitter . . ..... . 

Sweet, astringent . 

S1. sour . 
Sweet . 
Sweet ... . ... ... . ... .. . . ... . ...... . 
Oily, s1. metallic ........ . 
Sweet . 
No change . 
No change ... .. . . ... .. . 

... No change . 

Weedy, oily, astringent . 
Bitter, S W., curdling .. 

. ni tte'r: ~~~(iy: ~; I;;.::: 

Bitte r, astringent ... 

Bi tter (not curdled) ... 

No change in milk . ...... . . 
No change, good growth .. . 
Metallic . 
Sligh tly bitter . 
No change . . . . ... .. ... . 

[n tenscly bitter .. . 
Bi tter, weedy .... . 
Very bitt.er ................ . 
Bi tter, putrid (pu trid odor) .. 

Flavors produced in milk 
when grown in association 

with SIr. far/is 

Sour, unclean, oily, bitter, astringent . 

Sour, bitter, metalli c .. 
Sour , astringent ...... . 
S1. sour and astringent. 

In tensely Litter . 
Sharply ac id . 

Bi tter, sour , astringent . . 

Sour, s1. bitter, astringent . 

Vcry sour . ... . 
Sour . . .... ... . 
Sour, astringent ..... ' .. 
Sour, weedy, astringent. 
Sour . . . ....... .. . 
Sharply- acid .... . 
Sour . . 
SOUt' . . 

Weedy, oi ly, sour ....... ... . ... . 
Sour, bitte r, un clean, astringent .. 

Bitte r: '\;, ~~ciJ~ : ~ ;I y', ·s~~;r ·. · 

Bi tter, sour (not curdled). 

Sour , bitter, salty. 

Sour . ..... ............. . 
Sour ...... .. .......... . 
Sour , weedy, astri ngent . 
Sharply ac iel .. 
Sharply acid . 

Name of organi sm 

PSl'udOlll n:lS fiuurescens 
Migula" 

Micrococcus li p. 
Mi crococcus sp. 
Micrococcus sp . 

Mi crococcus oac catus" 
Achromobacter sp.' 
Bacillus sp . 
Pseudomonas fiuorescc ns 

Migula 
Pseudomonas f1uorescens 

Migula 
Pseudomonas fluorescens 

Migula 

Mi crococcus sp. 

Ac hromobactCl" sp. 

Bitlpr. nil ,\", sour, :1 ~ t rin g .. nt .. i\chrolll obati('r XI' . 
Sour , astringe nt, .......... Achromobactcr ~ p . 
Gre;ts.v. sour , bitt cr. \"o lllitus- likc smell . 
Sharply acid . Flavobacter iUIll ~ p. 
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-------.-~I---------------I--------------·-- ----------

Predomi nan t . ... . . ..... . 

Predominant . 

. 'l' I{;I;s~'I{(iB' i,~~ 'gr~;l; • 
Thousands per gram . 
Hundred per gram . 

Predominant .. . 

5. Alkali producer . 

No change- no change .. 

No cli angc . . . _. 

No change . 

6. Near (,0 Micrococcus saccat.us mi gula. 

Sour, like co ntrol . 
Sour , like control. 
Oily, ve ry sour .. 

~ou r . ....... . ... . . 

7. Ncar to Achromobac(,cr nchuiosUUl and Achromobal'tcr gOll il'uialulTl . 
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Butter Score 
sample on 

No. flavor 

VII c. 37 . 
37. 
38 . 
35. 
29 . 
32. 
29. 
36 . 
38 . 
35. 

MICHIGAN TECHNICAL BULLETIN NO. 102 

2 

3 

1 

Age when 
tested and 

plated 

days. 

months. 
.. 

yr . 3 mo. 

4 ycars .. 

Bacteria colonies 
per gram 

169,000 

500 (~~id 'r'o'o~ ) : 
500 (ice box) . . . 

:3i;ijoo:oOO 
9,000 

Remarks on 
colony count 

Lactose agar . 

.. 

Criticisms of flavor of butter 

Clean .. . .... . . ... . . . .. . ... . . . .. .. . 
Clean .. . :. .. . . . . . . .. . .. . . . 
Clcan . . . . ... . . .. ..... . ..... .. . . 
Old cream . ... . .. . . . ...... .. ... . . .. .. .. . 
Sl. moldy . .. ... ... . . . . . . ....... . . .. . . . . . 
Old, moldy . . . .. . . . ... . .... . 
SI. astringent . ... . . . . . . ... . . .... ... . .. . 
Metallic .. .... . . . .. . . 
Tallowy, old, metallic .. , .. . 
Metallic, tallowy, old .. .. . 

Table Xl 

Organisms 
isolated 

VII ca . 

VIT cb. 

· V:rI"~4.· 

VII c1O. 

vn cII . 
- - ---------------1------------ 1------------1----------------------------1---·---------
VII d . .. ~L .. . '2 'ci~;~ ":::: : : 

37 . ...... . .... . .. . . . . 

. . .. .... . . . 
11,000 

. . .. . . . . .. . .... Old cream .. . ... . . . . . . ... ' " . . ... . .. . . . 
Lactose agar . . . . Astringent .... . .. ... .. . . . . .. . 
.. . .. . .... . .... . Clean . .. .. . .. . . . . ... . . .. . . . . . .. . ... . 

VII da . . 

35 . ......... . .. .... . . · . .. . . . . . . . . . . .. Old cream ...... ... '" . . ... . . ... , .. VII db .. 

29 . .. . . 
29 . . . . . 
27 .. . . . 

':3 ·~~;lth ~: : : :: . 400 · (c~i~l ·r·o·o~) : : : 
. . . . . . . . . . . . . . 950 (ice box) . .. .. . 

Astringent . . . ..... .. . . . . .. . . . . . ..... . 
Rusty, s1. astring ~nt . . . . .. . . . . .. . . 
Old, astringent . . . ... . 

vn dL .. .... . 

36 .. . . . 1 yr. 3 mos . . . 74,310,000 Tallowy, old, bitter . .. . 

8 , 000 
37 . . . . . 
30 . 4 years .. .. .. . 

Metalli c .. . . . . .. .. .. . . , .. . . . . . ... . . .. . . . 
Strongly metallic, old . vII'tii6:: ·· ··· . 

VII dII . 

Clean, fresh , salty . . . 
Metallic, salty fruity , woody. 

VIn a .. 38 . .. . . I day ... . . ... 350 
33 . . . . . 45 days. . . . .. 1,700 4 mos.) . . .. . VIII al . . . .... . 

1,300 (4Yz mas) .. . VIII a 2 . 
VIn a3 . 

34 . . . . . 1 year . ...... . 
33 . . . .. ... . .. .... . . . . 
40 ... .. 2 yr.!J mos . . . 

.. .. .. .... ... '300 
740,000 High salt, old, fruity .. . . . . . 

High salt, old, musty . .. . .... . . . 
Too salty . .. .. . '" ... . ... .... . .. . . 

VIII a4 . 
VIII as . 
VII a10 . 
VII all. 

-----------------------1--------------1------ --1--------- -------------1------- - -
VIII b. ~~ : : : :: . i 'ci~; : : : : : : :: ...... ... .. . 2: 000 

~~: : . .. . 45 ·ci~;~.· : : : :: .... ..... .. ... .. . . 
. i:5'io (4 ·l~~~:)·.·. ·.: : 
240 (4,Yz mos.) . .. 

.30 .. . . 1 year. a3 ,000 
3!J .. .. . 

3 yr . 9 mo . . . . lao 

VIll c ... 29 .. ... Iday .... . . . 5,575,000 

.30 .. . . . ..... . .... . . . . 
34 . .. .. ... . . . . .. . ... . 
24 . .. . . 45 days . . . . . . 
20 . .. . .... ... . . .... . . 

28 . . . . . 1 year . . .. . . . . 
25 . . .. .. . . .. .. . .. ... . 

3 yrs. 9 mo . . 

400 
900 

33,000 

770 
------- --------1-------· 
VIII d . . 33 .. ... 1 day . . , ..... 

:~6 .. . . . .. ... . . ... . .. . 
38 . . .... . .. . ... . . .. . . 
34. .... 45 days . . . . , . 

32 .... . 1 year . ..... . . 

15,235,000 

2, lIlO, 000 
590 , 000 

7,280 ,000 

Only s tr. laeti s 
on plates .. 

Woody, miLky . . .. . ... . .. . .. . . . . 
Coppery . ... . . .. .. .• • . . .. ... . .. .. . . . . . . 
S1. astringen t . ..... .. . . . . . . . . . . . . .. . . . . . 

. T~'li~~~ : fi~hY·. ·. ·.: : : : : : : : : : : . 
Tallowy, coppery . . . .. . . . .. . 
SI. fi shy after taste ... . . .. . . 
Old, unclean, fi shy .. . . .... . . 
Fishy, oi ly, old. . ... . . . .. . ... . . 

Metallic, tallowy .. . .. . . ... . ... . .. . . . 

S1. bitter . . . . . . . .. .. .. . . . ... . . . .. .... . . 
Metallic , coppery . .. . .. . 
More astrin . than VIII b- sl. bitter . 

(4 mos.). . . . . . . . Fishy, tallowy . . . ... . ... . . . .. . . . 
(4 ,Yz mos. ) . . . . .. Very tallowy . ... .. . ... . .. . 

. . . .. . . .. . .. . . . . Fishy .... .. . .. .. .... . 
· . . . . . . . . . . . . . . . Very Fishy, oi ly . . . . . . ... . .. . .. . ... . ... . . 
· . . . . . . . . . . . . . . . Intensely tallowy, metallic , s1. fi shy . 

Only str. lactis 
present . .. . . .. Cooked flavor .. . . . . .. . .. . ... . .... ... . . . . 

· . . . . . . . . . . . . . . . Heavy salt . . . . . . , . .. .... .. . . . 
..... ........ . . Clean ... . .... . .. . . . 
... . .. .. . . . Old cream . . . .. . .. . . 
(4 mos.) . . . . . . .. Old, milky ... . .. . 
(4 ,Yz mos.). . . . . . . ... . . .. ... . ' 

Stale . . .... . . . . ... .... . . .. . . .. . . .. .. . . 
Uld, s tale, musty .. .. .. . ... .. . 

3 y r. a mo . . . . 650 Visible mold in 
butter and 011 

p lates . . " . . . . Moldy, tallowy, greasy .. . . . 

VIII bl. 
VIII 02. 

VIll b3. 

VIII b4 .. .. ... . 
VIII b5 ... .. . . . 

vm blO . 
VIIIhll . 

VlJI c1. . 

VIII d ... . . . . . 

VIII cIO . 

Vln r11. 
VI Ud 2 . . 
VIlI lH. 

VHI M . 

VIHd l O 

(Concluded) 

Proportion of 
organisms isolated 

to total flora 

Predominan t .. . .. . . . . 

Predominant 

Only kinds prescnt in 
equal numbers . . . 

P redomin ant. 

Predomin ant . . 

Many ... . . . . . 
Predominant. 

Predominant . 
Many .. . 
Few .... . . .. . . . 
Predominant . . . . . 
Sey. t housand ... . 
Predominant . .. . . 

KEEPINC 

Flavors produ ced in milk 
when grow n alone 

No change . .. . . . 

No elJ<,nge. 
No change . 
Bi t ter'. 

No change ... ... ... . . 
Bi tte r (nHn il.u8 Hmoll ) 

No cl'a ngc in Ib\'or 
No change .. 

No cha nge .. . . .... . . . . .. . ... . . 
No e h~nge (Hanw Oil rcpi lit ion) .. 

l ,ikc clllllr ,, !. 
No ehang(' . . 
No cha nl1:c. 

Predominan t . ... ' . . . . . . . Oily, bi tte r', ast ringcnt.. 
Many (probably samc as 

abo\"e) . 
Few . . . Bitter, astri ngent . 

Predominant . . . No change . . . . 
SO Y. t housand . Ritter, put rid .. . . . . ... . . ..... . 

Sw. curdlod, ve ry bi tle r, oil y, astri 
rredom i nan t . . . . . . . . . . . . No e Imnge . . . . . . . .. . .. . . . . . . . . 
l'robably same ;lsVlIlo1O No change. 

] 'rcd omin an t . 

l' redominant . 

Predominant. 
--------------

Prml omin ant . 
Predominant . 
F ew . . . . .. . 

Only ki nd on plates. 

Predomimln t .... . 

Li ke CIH1(. rol . 

. N~ ~ il ;' ; l g~' : : 

Nfl ~hangc . 

S. NOM to B.lcillu s /l1 ~ ga th e riurn D oB:lry . 
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(Concluded ) 

Proportion of 
organisms isolated 

to total flora 

Pre(lominant . 

Predominant. 

Only kinds present in 
equal nurn bers .. . . 

Predominant . 

Predominan t .. 

Man.v ........ . 
Predominant .. . 

Predominan t ... 
Many .. . 
Few .... . ..... . . 
Predomi nant ... . 
SCI' . t housand ... . 
Predominant .... . 

KEEPING QUALITIES OF BUTTER 

Flavors produced ill mil k 
when grown alone 

No change .... .. . . ... . . . 

No change .. . 
No change. 
Bitter .. ......... ... . . 

No change ............. . .... .. ... . 
Bitter (v(lrniln s slll ell ) . 

No change in fial'o" 
No change . 

No ehallge .. ........... .... .. . 
No cha nl.(e (sanH' on '·cpi l iLion ) .. 

Lik(' ('onlrol. 
No chang" 
No cha nl.((:. 

Flavors p"odueed in milk 
when grown in assoc iation 

with Sir. laclis 

Sl. weed.v, S(lur, yery ast ringent .. 

Sour, m;/,rin grnt. 
Sharp ae id . . .. . . 
SOIll' , ast.ri n!!;cn L. 

So III' ............ . 
Sour, sharply arid . 

S,)ur, 81. a ~ tri n gent. 
Abnormal acid. 

O\'er astrjngl'nt. 

Sour .......... . 
Sour , :lKtr i nge nt 

8l1ur) :u-;lr illgP ld .. 
NtHlr . 

!::lOIll' . 

I'rcdominallt . . . . . . . . . . . . Oily, bit.i,c r, astringe nt. 
Many (probably same as 

Oily, hitter, astringcnt,. 

above) . 
Few . . . . . Bitter, astringent . .. S1. sour, bitter, astringent. 

Prcdominan t .. 
SC I'. thousand . 

No chan!!;!). . . . Sour .... ... ......... . 
Bit ter, putrid . . . . . . . . . . . . . . . . . . . . . .. I ntcnsely bitter, ycasty. 
Sw.cllrdlcd, very hit.trr, oily, astringl'nl. Putrid, ini!'n,c ly biller. 

Predominant ............ No "ha,ngr ... Sour .. 
l'robably same as \ ' lIJ bID No chall!';e. Sour . 

Predomin ant . 

Predominant. 

Predomillan t. 

Predominan t. 
Predominan t .. 
Few ..... . . .. . 

Only kind on plcLles. 

Prcdoruinan t. . 

Li ke cIIIlt.ro l . 

. N~ ~ h;l;lg~':: : 

No (~hangp, .. 

8. N C~Lr tu B.Lcillus 1l1 "gat!u;I'iuIU DoB:Lry. 

('1lrdlrci, KIIIH', al)ll orlli al . 
J\ cid. sl. bittel 
!::lour .. 

Name of organism 

Bacillus Rp. 

A" hrllmnl):trfr r "p. 
Eberthrlla Kp. 

jv1 icroenccll" RJ1. 

Aclirlllll (Jh,lI' ler SJl . 
Aclirmnobae lrr Rp. 

Bacillus sp. 

Bacillus n1rgathcriurns 

Bacillus Kp. 

2S 



Table XII - Comparisons of flavors produced by associate organism when introduced alone and in association with Str. lactis in 
milk, cream a n d butter . 

Ol'g~nism 

Inr l ao 
B~f l a .... . . . . . 
Oidrulll BMI. .. 
Oidium BMl . 
Oidium BM:! .... . 
Oidium BM2 .. . 
Oidium Btvf:3 .. 
Oidiulll BM3 . 
B~r 3a. 
B~f :la. 
B~[:3r 
B~f :3c 
B~L!g . 
BM 4g . 
B yf -!g .. 
B~I 4" . 
B~f 4d . 
BM4d . 
BM .Je .... 
BM5e .. 
Bi'.f 5e . . 
B~f .5e . 
BM8a .. 
BM8a .. 
BMSc . 
BMSe ..... .. 
Oidium BMf .. . 
Oidium BM7 .. . 
B M9d 
B Mlld . 
BMlld . 
BM9d .. , 
BM 12d . 
BM l 2d .. 
B:'.112d . .... 
BM 12d . 
BM Bd ... 
BM 13d . 
BM l3d ... 
BM t:;d . 
BM 15a .. 
BM 15a . 

BM lSb . 
B.M 15b . 
BM l5e . 
BM 15e. 
BM l5d . 
BM 15d 
BM 16d . 
BM 16d .. 
BM 16d .. 
BM 16d ..... .. 
BM 17e ...... . 
BM 17e . . 
BM 17e .. . 
B~I 17e . . . 

Alone 0 1' 

wi th I Taste of cl'eam before churning 
St l' . lact is 

~'vIetall i c 

. Taste of butter wh en fr esh 

" ery metallic, greasy. 
:\Ietallic, ran cid .. 

Taste of bu tte r when aged 

.-\ lone .. 
\r ith. 
Alone. 
Wi th . 
Alone . 
Wi th. 
.-\lone 
Wi th .... 
Alone. 
With .. 

Sharp. acid , meLa ll ie . . 
M etallic .... . .. , Stale, meta lli c ... 

Metalli c, putrid , oily . 
Metalli c, pu t rid, oi ly ..... 
Salvy, bitter , old . woody . 
Salvy, metallic. a iel , wooely . . 
Old , woody, sah-y. 

.-\lone .... . 
Wi th .. . 
.-\ lone . 
,ri t h . 
Alone .. 
Wi th .... 
.·\lon e. 
Wi th . 
.-\'l one .... . 
Wi th ... . 
.-\lone. 
\rith . 
.-\lone. 
With . 
.-\lone .. . 
With ... . 
Alone. 
With . 
.-\lone . 
Wi th .. 
Alone . 
\ri th . 
.-\lone .. 
Wi th . 
.-\'lone .. 

.. . . , Wi th .. 
.-\'lone . 
With . 
.-\ lone . 
Wi th . 
.-\ lone . 
\r ith . 

'1 Alone .. 
. \Yith . . 
. Alone .. 
.1 Wi th ... 

Alone. 
Wi th . 
Alone . 
Wi th . 
Alone . 
,ri th . 
Alone. 
Wi th . 
Alone . 
Wi th 

Sou r, nasty. 
Sweet. 
Sour .......... . 
Slightly metalli c . . .. . . 
Sharp , ac id, astringent. 
Slightly astl' inge nt . 
Sour a nd ast l'i ngen t .. 
Oily. astringent . 
Sour, put l' id. 

Stale. 
Sour , sright ly stale. 
Stale, putrid . . . . . . . ... . 
Sour. putrid. ast l' ingent .. . 
Oily, slightly g l' easy. .. . .. 
Oily , SOU l' , yeasty , a:;tringent. 
Sweet. .. 
Bi tter . 

. Siigiltiy bi tter 
~ormal . 

. Oil\; ~;l~l ~i~~h~l i ~ 
So,lr (eurd led) a lcoholi c. 

St~l ~ .· ... ' . ' ...... . 
Stale, slightly sour . 

Slightly bitter and fla t. 
SI. bi tte r and fla t, sl. sour . 
Good ... , ...... . 
Sour, astringent. 

Stale, slightly astringen t . 
Sour. ast ringent ... . 
Good . ............... . 
Sour , slightly astringent. 
Good 
Sour , astringen t . 

Sweet. 
Bitter . 

Putrid . . ........... . 
Pu t r id , sour (curdled ) .. 

Stale, metall ic .. 
Good . 
Good . . ... 
Slightl,' metalli c . . 
Metallic ... . 
Good ..... . 
Good .. . 
Vomi tus ..... ' .. 
Yomitus, pu t rid .. 

·G·o·o·d . 
Good .. . .... . .. . 
Tallowy, stale .. . 
Putrid ......... . 
Tallowy , metalli c .. . 
Ta llowy, metall ic . . 
Astringent. . 
Oily . . 

·G·reasy . 
Normal. 

·G·o·o·li · .... .. . 
Slightly bitter . 

·Go·o·d .·. 
Yeasty. 

. Siigiltl.\: ~t~ l'e' 
Slight ly stale . 
Good . ... . 

aIel , greasy, sah'Y, ... 
aIel , woody . 

., Old , \\'oody, greasy. 
Ran cid , oily . 
Ran cid. oily ... 
Sah'Y, greasy. ran cid . . .... . 
Same, metalli c (inten8cly) sour. 
Good ..... . 
Old, stale ... . 
Old cream . 

'j R ancid ..... . 
. Old ...... .. 
.1 Old, tallowy . . . 

Sour, oily, cheesy. 
Good . . 
Stale .. 
Stale . 
'Yoody, old 
Slight ly woody . 
Woody ... . 

'1 Good ........... . 
. Greasy, oily , stale 

Greasy. fia t ....... . 
Bi tter , putrid. oil,' . 
Bitter , put riel , oily .... .. . . . ... . 
Bi tter, oily, kerose ne-like, sahy . 
Same ... . 
Old , stale . 
Good 
Tallowy ......... . 
Ta llowy , meta ll ic . 
Good ...... . 
Old , stale ... . 
Old cream 
Old cream . 
Good . . .. 

Good .. . . .... , . . . . . . . . . . Flat, tasteless 

Good .. . . . 
Metallic .. . 
Good . .. 
Goorl . 
Good ... 
Burnt, sl. bit ter .. , . 

Salvy ... 
T allowy. 

·Bit ter . 
Bi tter .. 

Tallowy ........ . . 
Tallowy, metalli c . 
Old cream . 
Old cream . 
Tall owy ..... . . 
Sour , yomitus . 
Flat ... ... . 
Sour dough .. . 
Yeasty, bitter. ... 
SlighLly woody . 
Oily ... .. .... . 
Oily. old . stale .......... . 
Bi l ter , oily, sa l\'Y (white). 
Same and sour bumin!!: (sensat ion ) 

Taste of milk 

Slightly metallic , astringent, bi tter (not soured) 
Sour, very metallic , bitter 
Slightly stale 
Sour , oily , astringent 
Sweet. no change 
Sour, astringent 
Slightly stale 
So ur , \'Cry astringent 
Bitter, sour . astringent 
Oi ly, putrid. sour 
Bitter. put.rid , (curdled) 
Sour , b itter. putrid , (curdled) 
:\Tast.\'. stale 
I'inegar.\' , astringent 
Nasty, stale 
\'inevar,'. ast ringen t 
Slight ly pu trid , astringent 
Sour , (curd led) old cream. oily , astringent 
Oily, yeasty, slightly astringent 
Astringen t 
Oily. greasy, slightly astringent 
A stringent 
Bilter , astringent, pecu liar 
Sour , very astringent 
Nasty sweetish taste , astr ingent 
Sour , very astringen t 
Sweet , sl ightl y stale 
Sour. yery ast ringent 
Astringent, oily , very hitter. yeasty 
Astringent , oily, very bitter , yeasty and metallic 
Ast ringent, oi ly , very bitter , yeasty 
Same, only more intensely .. 
I'inegary , yeasty, sour dough 
Vinegary, yeasty, sour dough 
Vinegary, ycasty, sour dough 
\,illegary, yeasty, sour dGugh 
Sta le 
Stale , astringent 
Stale 
Stale and astringcn t 
N o change 
Sour 

.. / Slightly bitter 

.. Sour, \'C ry astringent 

../ No change 

.. Sour , ast ringent 
. No change 

Sour 
Yeas t.\·, bitter , melalli c, astringent 
Ar id. yeasty , ast ri ngent 
Yeas ty, bitter, metalli c, ast ringent 
Acid. yeasty . astringent 

. Bitter. meta llic , astringent 
" 1 B, itter , metallie. oil". putrid 
. . Bitter , metallic , astringent 
. Bitte r . metall ic, oil.\'. put rid 
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BM 15b . . 'j Alone .. 
B.M 15b . .. '''ith .. 
BM 15c . .. ,\lone .. 
BM 15c ...... . . . With ... 
BM 15d ...... Alone 
BM 15d . With .... 
BM 16d . . Alone. 
BM 16d ..... With . 
BM 16d . Alone. 
BM 16d . 'Yith . 
BM 17e. Alone .. 
BM 17e . Wi th . 
B:-'11 ie. . . . . . . . . . . . . Alone. 
B:--1 lie. ,rith . 

Stale, slightly astringent . 
Sour. astringent . . . 
Good ................ . 
Sour. slightly astringent. 
Good . ....... . . 
Sour, astringent . 

Sweet. 
Bitte r 

Good .... . .. . . .. . . 
Metallic .... . .. .. . 
Good . .. .. . . 
Good . 
Good ... 
Burnt, sl. bi tter. 

Sah·y ..... . 
Tallowy ... . 

·p~t~ i ci.·.... . ......... . . . .. 1 Bit ter ... 
Putrid , sour (curdled ).. . . . .. Bitter .. 

Tallow,' ....... , . , Slightly bitter 
Tallowy, metallic.. Sour, yery astringent 
Old cream . .. , . No change 
Old cream . Sour, astringent 
Tallowy . . . . . . . . No change 
Sour, yomitus .. Sour 
Flat . ....... ... .. .... . . 'Yeasty, bitter , met allic , astringent 
Sour dough.. Acid. yeasty. astringent 
Yeasty, bitter. . . . Yeast,', bitter, metallic , astringent 
Slightly woody. . . Acid, yeasty. astringent 
Oily .. , .,. . . . . Bitter. metallic , astringent 
Oib' . old. stale ........... Bitter, metallic. oil,' . putrid 
Bitter , oily, sa',\,y (white). Bitter. metallic, astringent 
Same and sour burninj! (sen~ation ) Bitter , metallic . oil,', putrid 
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It willl)c ()lJsC'rvccl [ro111 exa111illali ull o[ Table X I, that in every use 
a ))ulllber or microorgallisms were isolated and were assigned a laboratory 
1l1l1l1ber. Some u[ these were 11l1lloubledly of lillie importance si nce they 
were present in small numbers. An attempt was macIe to determine which 
urganism was the predominant type of those present and able to grow 
aerobically on laboratory media. Microscopic examinations of the butter 
were always made to determine the different morphological types present, 
;.md, in nearly every case, each of these types was found on the plates. 

No molds were selected except colonies of Oospora, which was such a 
frequent and conspicuous contaminating genus that it was listed and studied 
whenever it was present. Though the media used were not those most suited 
for growing yeasts and torulae, it is believed that whenever they were preset:t 
they were isolated and studied. This belief is based on the microscopIc 
study. It will be observed that yeast-like organisms were among the most 
constant types present in these butters, although usually present in smaller 
numbers than the bacteria. 

An attempt was made to identify our cultures by comparing our descrip
tions with those in Bergey's Manual (14) but only a few were capable of 
being identified. This was due in part to the fact that the study was m.ade 
before Bergey's Manual was published and hence data are often lack111g, 
and in part to the fact that Bergey's Manual contains too few descriptions. 
Some of the organisms mentioned in the table died before they could be 
studied for identification, so the organisms finally studied represent only the 
hardier species. Organisms of the Str. lactis group were not kept since 
these were regarded as normal butter flora common t@ both good flavored 
and off flavored butter. 

The detailed descriptions of the organisms which were subjected to pure 
culture study will be found in the appendix to this bulletin. 

Off-flavors Produced in Milk and Butter by the Flora 
of Off-flavored Butters 

No study of the flora of off-flavored butters is complete since many of 
the organisms found may have little or no effect on the flavor of the butter. 
The organisms isolated from the off-flavored butters were inoculated into 
flasks of nearly sterile, in some cases sterile, whole milk and were incubated 
at room temperature for 48 to 72 hours. The flasks were inoculated with 
each organism. One of these flasks was also inoculated with a pure culture 
of Str. lactis 24 hours after the associate organism so the latter always had 
a chance to develop somewhat before it was subjected to competition with 
the acid forming Str. lactt"s. In every case, the milk was studied micro
scopically by the use of stained smears to see if growth of the desired organ
isms had taken place. The milk used for these tests was obtained in a 
fresh condition by milking cows into a sterile flask. Only the milk from 
cows which produced milk with a low bacterial content was used in these 
experiments. The reason for using raw milk was that during sterilization 
a certain astringency develops as well as a cooked taste. These properties 
make it difficult to detect certain off-flavors and to differentiate between the 
metallic flavor and the astringency due to heating. 

In 23 instances, similar studies were made by inoculating the organisms 
into nearly sterile or pasteurized sweet cream and, after a short incub<l;tion, 
churning the cream into butter. It !TIust be freely admitted that the results 
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wen-: !lol always idC'n ticalDY tile lwo 11l et huds (inoculatiun in milk 3.11<1 inoclI 
latioll intu cream made into Dtl tter) Dl1 l it was observed that. if the orgaJl ~ 
is ms produced an off-fl avor ill one dairy product, it also did ill the other. 
J n many cases, the off-flavors were idenlical or very similar indeed, tending 
to suggest the comm011 opinion that some of these flavors are forerunner:; 
of others (see Hunziker's deflnition of metallic flavor 011 p. 3). The re
sults on the cream and Dutter inoculated with the associate organisms and 
associate organisms plus Str. lactis are presented in Table XII, which gives 
not only these data but also a comparison of these results with those ob
tained by inoculating into nearly sterile raw mille 

T he remainder of the resul ts 0 E inoculating in milk are presented in t he 
9th and 10th columns of Table XI, already shown on page 15, part VIT. 

DISCUSSIONS AND CONCLUSIONS 

It seems to the writer that this work has proved that microorganisms can 
cause off-flavors in butter. It may seem strange to some that this should 
need proof but the opinion has been expressed freely that organisms do not 
cause off-fl avors in butter except in instances where the cream is already 
off-flavored before the butter is made. A comparison of columns three ~l11d 
four in Table XII should dispose of this idea. 

Another current idea which is not supported by our experiments is that 
metallic, kerosene, woody, weedy, and other similar flavors are due only 
to the substances suggested by the name of the flavor. This is disproved not 
only by the present work but also by the work of European workers, notably 
Weigman (15) who showed that cowy, barny, turnipy, and soapy odors and 
flavors are sometimes due to bacteria. Besides these, certain other interesting 
flavors due to microorganisms, as shown by the present work, are pecan 
flavor, nutty flavor, fruity, and vonl itus. The last is evidently closely re
lated to kerosene and machine oil flavors, because these latter flavors are often 
followed by a strong vomitus flavor (or odor) when the organism has grown 
in the milk for a longer period of time. That is, young milk cultures have 
a flavor suggestive of kerosene or machine oil, while old cultures have a 
flavor suggestive of vomitus. 

A striking fact brought out by this study is that there is a distinct asso~ 
ciative action between organisms in the production of flavors and odors. 
T he only organisms tested together in this study were the organisms isolated 
from off-flavored butters and a pure culture of Str. lactis. Some of the 
more striking cases of such action are grouped together in Table XIII. 

It will be noted that frequently the presence of Str. lach's intensifies the 
f1avor but occasionally the flavor is lessened by its presence or even changed 
entirely. The bitter flavor produced by certain torulae may be entirely 
changed to astringent (or metallic) flavor by the presence of Str. lactis) al
though the bitterness is sometimes intensified. 

It would have been interesting to have tried various other combinations 
of organisms together but time did not permit. 

I n conclusion, the writer believes he has demonstrated that the inocula
t ion into fresh whole milk or butter of the organisms, isolated from off
flavored butters, is likely to produce off-flavors either identical with those 
originally present or closely similar to them. 
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Table XIII -Cases of Associative Action. 

__ Organi=-. __ ~pe oj' org;t lliS_fTI __ 1 FI :\vof' \vh cn p; f' ow n alofl c 

Bm4g ...... . . . 
!Jm 4e . . .... . 
Hill Ie . ... . . . 
Bm 3a ...... . 
Hm la ... . .. . 
Oiclium Bm l . 
Oidium Bm 2. 
Oidium Bm 3 . . . 
Oidium Bm 7 . 
*BIV 7 .... .. 
*H IV 700 ... . 
ya B 5 . 
B3wl. 
V[ d 8 .. . 
V[ a .... . 
VI a fJ. ... . 
*HI! 1 d .. . 
· I:HI[ 1 d . . 

Torula ... .. . . .. . 
Rods .. . . . ..... . 
Cocc i in tetrads. 
Mycelia l toru la .. . 
Myceli a l to rula .. . 
Oospora ... 
Oospora . 
Oospora . 
Oospora . . . . ......... . . . 
Large and muJ ium f·odti. 
Large a nd mc:i ium rods. 
Large torula . . . . 
Torula ....... . 
Short rods . 
Medium rods .. . 
Short rods . . . ... . 
Rods . . ....... .... . . . 
Rods . . .. ... ......... . 

Nasty, stale .. . 
yeasty .. ........ . 
BiLLer, astr ingent . 
HiLLer, s:Jur-astr inl!;cnt ... ... . 
I ntens ~ ly biLtc r, astringe nL. 
Slight ly stale .. . . . 
Sweet, no clJ:tnge. 
Sl ip; htly stale. 
Dlip; ht ly stale ... . . . . .. . . . .. . 
Mo ldy, biLter. 
HiLLer . . . 
Sweet . ... . . ............. . 
Slight ly bi ttc r, astringent .. 

[ctalli c . ....... . 
Bitte r, metallic . . .. .. . 
Slightly pu tf'id , sweet . 
Bi tte r. .. . ........... . ... . . . 
Dlightly biLk r, astringcnt . . . 

· Other bu tter organ isms not in clud ed ifl this study. 

11' I;wor whon grown wi t. h Slr. b('Lis 

Vinegary, ast ringen t 
SOUf' , yeas ty, as triflgent 
Very astringent, not bilter 
Som , oily, putrid 
8oUf' , in tensely astringent, sli~( l d l .\' hi t l,' f' 
SOllf' , oily, ast ringe fl t 
Sou r, as tringeflt 
Sou r, very astringClI t 
Sour , very astriflgent 
Sour, moluy, a tringent 
SOU!' , oily, astringe fl t 
(Cuf'dl ed), oily, very SOtlf' 

Bitter, sour , oily, astringent 
Sour, weedy, astringcnt 
Sou r, oily, astringe fl t 
Slight ly sour 
Bitter more pronoun ced, SOUf', old , as tringe fl t 
Sour, vomi tus, astriflgcn L 
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DESCRIPTIO] 

Lah. Designation: Oidium B 1\1 1. 
producing cylindrical oospores 1.5 to 2: 
po~itive. Agar colon ies : Large, round 
colonies, slight saucer liquefaction. Aga 
h ou r s . Late r growth became r hi zoid. Ge 
15 days. Potato: Abunda n t, filiform 
m ecli u ll1. Litmu s milk; no ch ange . Brc 
scant , fl occu lent sediment. Nitrates not 
fl ot produced. No diastatic action. Acic 
o r sucrose. Aerobic. Oospora species. 

L;1b. Desig n at ion: J3 J\'[ b . Morph ol 
ce ll s 3.5 to 5.0 by l.5 to 3 microns. No, 
gypsu m blocks·. Gram-positive. Aga r cc 
ti r e. Gelatine colonies: Large , white . 
faction in 2 clays, completely liquefied in 
hu tyrous. Ge latine stab: Similar to ag 
vVhite, fi li form growth, whi ch later becat 
Litm us mi lk: Aka li ne in 4 day s; partia 
s u dace growth. Stl-ong c louding. Grar 
solu t ion: Indol not prod uced; aml110nia 
sta r ch agat· p lates. Slight acidity in gil; 
Ael'Obie. Tor u la species. 

Lab. Design at ion: Oidium B l\1 2. 
oos pores 6 by 2.5 m icrons . Diameter of j 
Circular. filamentous . Ge lati ne colonies: 
p lcte in 7 clays . A gar slant: White, fi lifc 
in medi um. Putrid odor in 7 clays. Ge 
days, with crateriform liquefa ction. P ot 
white. Medium grayeel. Odor putrid. I 
compact sediment. P u t r id odor. Broth: 
so lt,tt ion : Am ll1 0 nia producer!; indol not 
aeflon on s tarch agar in 4 days. A cid i 
Illa lln ite. Acrobie. Oospora species. 

Lab. Designation: Oidium B l\1: 3. 1\1: 
Onspnres, 1. 5 uy g m in ons . Cram -[lo, ili v 
r ough , convex, edge fi lamcntolls, white. 
fi lamentous. Saucer liquefaction in 7 da) 
white. Gelatine s tab: Uniform, filiform, 
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APPENDIX 

DESCRIPTION OF MICROBES ISOLATED 

Lab. Designatian: Oidium B M 1. Marphalagy: Bra1J ched filaments, 2 to' 3 micrans wide, 
producing cylindrical aaspares 1. 5 to' 2.5 micrans in diam eter, 6 to' 8 micra ns in iength. Gram
pasitive. Agar calanies: Large , raund with filamenta u s edge. Gelatine calanies; similar to agar 
colanies , slight s'aucer Iiquefactian. Agar slant: Maderate, fi lifarm, apaque, white growth in 24 
haUl'S. Later grawth became rhizoid. Gelatin e stab; unifarm , fi lifarm grawth ; sli g h t liquefaction in 
15 days. P atata: Abundant, filiform to rhizaid, l'aised, dull white grawth. NO' change in 
medium . Litmus milk; nO' change . Broth : White membranaus, s urface grawth; no c1auding; 
scant, f1acculent sediment. Nitrates nat reduced. Dunham"S salutian: Ammania praduced. Indal 
nat praduced. No diastatic actian. Acid in glucase and g lycera l. No act ion an lactase, mannite 
or s ucrasc. Aerabic. Oaspara spccies. 

Lab. Des ignatian: B l\'[ la. MarpllOlagy: Yeast -likc arga ni sm r epraducing by budding; maturc 
ccll s 3.5 to' 5.0 by l.5 to' 3 microns. NO' ascaspores observed eithel' on a rdin a r y cultul'e media ai' on 
gypsum blacks,. Gram'pasitive. Agar calanies: Large. white, rapid ly growing, circular, edge en
tirc. Gelatine calanies: Large, white. rapid ly grawing, circular. Edge unc1:ulate, saucer lique
factian in 2 days, campletely liquefied in 7 days. Agal' slant: Abundant, fi li farm, white, opaque, 
bu tyraus. Ge latine stab: Simi lar to agar s lant. Craterifann to' s t ratifarm liquefactian . Potato : 
White, fi lifarm growth, which later becamc red. Medium grayed. No diastatic actian on medium . 
Litmus mi lk: Akaline in 4 days; partial peptanizatian withaut caagu latian. B I'ath : l\'[embl'anous 
s urface growth. Strang cla uding. G.l'anu lar heav y sedimcnt. Nitrates' nat l'educed. Dunham's 
salutian: Indal nat praduced; a mmania praduced; no n it rates praduced. NO' diastatic actian in 
starch agal' plates. Slight acidity in glucase and g lyceral. Nane in lactase, sucrase, or mannite. 
Acra bic. Taru la species. 

Lab. Designation: Oidium B M 2. M01'pllOlagy: Brancll ed filaments, praducing cylinchical 
oos pores 6 by 2 .5 microns. Diamcter af fi laments 1.S to 2 lllicl"Ons. Gl'am- pas itive . Agar calan ies: 
Circu lar, filamentaus. Gelatinc calonics: Circular. filamcntaus. NO' liquefactian in 2 days. Com· 
pletc in 7 days . .1\g-ar slant: White, fi lifarm to' rllizoid. flat, dull , opaque, membranaus. No change 
in mcdium. Putrid adar in 7 days. Gelatinc slab: Unifarm, fi lifarm, a llc -eigh th liqucfied in 15 
days, with craterifarlll Iiquefactian. P ata ta: Vlhile, ahundant, filif01"l11, later spreading grayish 
while. Medium grayed. Odar putrid. Lilmus mille No change. slight cla ud ing, very abundant , 
campact scdiment. Putrid odar. Brath: S urfa cc J11cmbl·ane. Nitrates not I'educed. Dunham's 
so lutia ll : Ammania prad uced; indal not praduced. Starch not attacked in 7 days (potato). No 
act ian on starch agar in 4 days. Acid in glucase a nd g lyce!'Ol. No actian on lactase, sucrasc or 
manllite. Acrobic. Oaspara spec ics. 

Lab. Designatian: Oid iu m B M 3. MorpllOlagy: Branchcd fi laments 1.5 to' 2 micrans in width. 
Oospores, 1.5 by 8 m icrans. Gram ' po'iilivc. Agar colon ies: Rapid growlh. I'a uml and fi lamentous , 
raugh, canvex. edgc fi lal1lcnlous, wllilc. Gelatinc colonies: ]~ aund and filamcntous, raised, edge 
filamentaus. Saucer liquefactian in 7 days. Agar slant: Maderate, filifarm, raised, dull , o paque, 
whitc. Gclatine stab: Unifarm , filif()rm, !;accate Iiquefactian beginning in 15 days. Potato: 
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Abundant, filiform, convex, dull, wh ite. No change in medium. 2nd day growth is spreading and 
medium slightly grayed. Litmus milk: No change. Broth: Membranous s,urface growth; slight 
clouding, scanty floccu lent sedimept . ~itrat~s not reduc.ed. Dunham's solution: Ammonia pro
duced; indol not produced. No dlastatlc actIOn. No actIOn on glucose, lactose, sucrose, glycerol 
or mannite. Aerobic. Oospora species. .. . . 

Lab. Designation: B M 3a. Morphology: Yeast- lIke orgal1lsm reprod ucll1g by buddll1g; mature 
cells 3 to 4.5 microns by 1.2 to 3 microns. Some mycelial cells produced on agar. No ascospores 
observed either on ordinary culture media or on gypsum blocks. Gram-positive when young 
and vigorous. Agar colonies: Rapidly growing, round, white, raised. surface colony. Filament~us, 
subsurface colonies. Gelatine colonies: R apidly growing, round, whIte, flat surface colony .. FIla
mento11s subsurface colony. Saucer liquefaction complete in 7 days . A!,ar slant: Abu.ndant, fill.form, 
flat, dull, rugose, opaque, white, butyrous.. O~'Or absent. <;ielatme stab: U11lfort;I, fili form, 
whi te growth. producing crateriform, liquefactIOn In 3 days, w~lch was . not compl~te I.n 17 days. 
Potato: Filiform, glistening, white . Medium is grayed. LItmus mIlk: Alkalll1e II} 7 da,Ys. 
Peptonization started in 4 d.ays. Broth: ~embrano1?s surface grO\yth . Scant cloudll1g, whIch 
cleared up on second day, leavll1g a scant sedIment. NItrates redu~ed. 111 7 days. Dunham s solu
tion: Ammonia positive; indo! negative. No diastatic action. ACId 111 g lycerol; g lucose, lactose, 
sucrose and mannite negative. Aerobic. TOl'ula species. 

Lab. Design<l!tion: B M 3b. Morphology: Yeast-like organisms reproducin g by budding. 
M'ature cell s 4 to 6 microns by 1. 5 to 2 microns, some cells being l?ycelial. N o asc~spores pr.o, 
d uced on ordinary laboratory media or on gypsum blocks. Gram-posItive .. Agar col011les: RaP.ld, 
round . l'ough, raised, undulate, finely granular to fi lament.ous su,rface cC!lol11~s . Subsurface colol1les 
;ne filamentous. Gelatine colonies: Similar to agar col011les. LIquefactIOn m 7 days. Agar slant: 
Abundant, filiform, flat, dull, rugose, white, butyrous. Gelatine s t ab: Uniform, filifC!rm, white. 
Produces crateriform liqu efaction almost complete in 7 days. Potato: Modera te, filiform, flat, 
dull, smooth, white growth. The medium is gr~yed. In? days the growth is cC!nv<:x, contour~d, 
creamy. No decomposition of starch. Litmus milk: Alkahne on 2nd day. Pept011lZatlOn of casell1. 
Broth~ Membranous surface growth, moderate clouding, clearing on 2nd day with a scant com
pact sediment. Nitrates not reduced. Dunham's solution: Ammonia produced; indol !Jot produce;d. 
No diastatic action. Acid in glycerol; no action on glucose, lactose, sucrose and manl11te. AerobIC. 
Torula species. 

Lab. Designation: B M 3c. Morphology: Yeast -like organisms, reproducing by buddin~ . 
Mature cell s 3.5 to 4 by 1.5 to 2 microns. No ascospores observed on ordinary laboratory medIa 
or on gypsum blocks. Gram -positive. Agar colonies: Rapidly growing, circular, r~lUgh, conv~x, 
undulate, white. coarsely granular surface colonies. Filamentous subsurface colol11es. Gelat.me 
colonies: Rapidly growi ng,. circul,a" flat, undulate, .white. coarsely granular surface COI~l11 les. 
Filamentous subsurface col011les. LIquefactIOn complete 111 7 days. Agar slant : Abundant: filiform, 
flat. dull, contoured. opaque, white, butyrous. Later, spreading, raised. smooth, Gelatll1e stab: 
Uniform, filiform, white. Liquefaction, crateriform a lmost complete. in 7 days. Potato: Abund;wt, 
spreading, flat, du ll , smooth, white. Medium grayed. Later: raIsed, c~ntoured, creamy. Slight 
starch decomposition . Litmus milk: Alkaline with peptonizatIon of casell1. Broth: Membr~nous 
~urface growth, strong clouding,abUl.ldant vj~cid sediment. Later clouding qisappear.s ~nd sedlme~t 
Increases . Surface membrane pers Ists . NItrates not reduced. Dunham s S?lut lOn . Ammollla 
praduced; indol not produced. No diastatic action. No action on g lycerol, manlllte, sucrose, lactose 
and glucose. Aerobic. Torula species. 

Lab. Designation: B M 3 D. Morphology: Yeast- like cells, reproducing by budding. Maturc 
cells 3 to 4 5 by ].5 to 2 microns. No ascospores observed on ordinary laboratory media 0 1' on 
gypsum blocks. Gram -positive. Agar colonies: Rapidly growing, large. round, radia te, raiser!, 
fi lamentous, white 'Surface colonies. Filamentous subsurface colonies . Gelatine colonies: Rapid ly 
growing, l'ound, flat, undulate and filamentous edge ; white surface colonies. ~ilamentous suh
surface colonies . Liquefaction complete in 7 days . Agar slant: Abundant, filiform, fl at. dull, 
rugose, opaque, white , butyrous . Gelatine stab: Uniform, filiform ; heavy s~dace gro;-vth. Lique
faction crateriform. Potato: Abundant, fi li form, flat, dull, smooth, whIte. M ed1t1m grayen. 
Later spreading, glistening, raised. contoured. No starch decomposed. Litmus 1;1 ilk : Alkalinc ; 
110 peptonization 01' caagulation. B1"Oth: ]Vfemhranous surface growth . NO' claudll1g. Abundant. 
compact. flaky serlimen t. Nitl'ates I'educerl in 7 clays. Dunham's solution: Ammonia produced: 
indol not produced. No diastatic act ion. Little or no action on g lucose, lactose, sucrose, g lycerol 
and mannite. Aerobic. Torula species. 

Lab. Designation: B M 4a. Morphology: Yeast-like cell s, repl'odu ced by budding. Maturc 
cclls <\ to 5 by 1 3 to 2.5 microns. AscospOl'es not ohserved on ordin ar y labOl'atory media or 0 1] 

gypsum blocks .. Gram-posit ive . . Agar .colonies: Rapidly growi ng,. rounel, rO~lgh , rais~d. nndul~te. 
fi lam entous whIte surface colol11es. FIlamentous subsurface colol11es. Gelatl11e colollles : RapIdly 
growing, l·~und. flat, undulate, white surface colonies, produci ng a spread i.ng liquefaction . complete 
in 7 days. Subsurface colonies, fi lamentous . A gar slant: Abundant, filiform. flat, dull, l'ugose, 
opaque, butyrous, wh ite. Gelatine. stab: l!n iform, filiform: white; <;ra terifal'm . liquefaction. Pot~to: 
Abundant, filiform, flat, dull. wh ite; medIum grayed. LItmus .mtlk: AI1ca!tne, no coagul~ tlon ; 
complete peptonization. Broth: Membranous surface growth, slIght cloudl11g and scant sedIment. 
Later, m oderate clouding-. with abundant granll lar sediment. Nitrates reduced. Dunham's solu
tion: Am1110nia produced; indol not producer!. No diastatic action. No action on g lucose, lactose, 
sucrose, glycerol and 111annite. Aerobic. Torula species . 

Lab. Designation: B M 4a. Morphology: Elliptical and cylindrical yeast- like organisms. 
11111ltiplying by budding. Some septate mycelia present: Matur~ cells var~ing f~om 3.6 to. 3 .8 
microns in width. No ascospore observed. Agar colol11es: RapIdly develop!11g, CIrcular, radlatc. 
11 1l1 bonatc, filamentous edge and fi lamentous internal structurc. Agar slant : Abundant. echinulate. 
convex, dull, contoured, opaque, gray, viscid , with ~our, stale od.ar. Gelatine stab: .GI·owth .best 
at top, filiform, becoming arborescent, with cratenform. hecoll11l1g sacca~e to stratifo rm , ~Iquc. 
faction. Potato: Abundant, echinulate, convex, contourer!. dull, opaque, dIrty-gray color. Lltm11s 
milk: Acid, sil'ongly coagulated, peptonized and reduced. Broth: Membranous surface . g~owth. 
slight clouding with som e flakes adheri~1g t o walls <;f tube . Very ~~unda!1t granular . sedllnen,t . 
Nitrates not reduced. Dunham's solu tIOn: Am111 0nla strongly POSItIve, 111 dol negatIve. AClr! 
hut no gas fro111 glucose , lactosc , and malJnite. N o actian 011 sucrose and g lycerol. Ael·obic. 
T01"nla species . 

Lab. Designation: B M 4d . Morphology: Short rod s . occurring singly and in pairs and 
chains. Size, 1 to 1. 8 by 0. 5 to 0 .8 microns; ends lounded. Motile by means of 1 polar flagellum. 

KEEPING 

Nu spures or capsule s. Gra m ·positive . 
elevation, edge entire, amarphau s int en 
Hat, edge en tire, amorphou s. N o liquefa 
Hat, glistening, sm oath , opaque. wh i t~ . 
in 1 day; complete in 15 day s. Por,[( 
g listening. M edium grayed. Litmus mil 
t ioll. B rot h : Memhranous surface gl 
Nitrates not reduced. Dunham's solu t 
lI one o n starch agar p late in 4 days. 
g lyceru l or !;;;1;111ite. Aerobic. Not in J 

Lab. Designation: D M 4e . Marp 
chai ns. M otil e by means af 1 pab r fiai 
su les. Gr am· positive. Agar colonies: 
Amorphou s surface colonies. Lens·sha] 
growi ng, round, entire, white, amarph 
fi lifor m, raised, glistening, smooth, apa 
whi te. No liquefaction in 17 days. Pata 
Sl11ooth, cream, ·colol·ed. Medium grayed 
peptonization. Broth: Ring, slight cloLi 
Dunham's solution; Ammonia produced; 
act ion on g lucose, lactose, sucrose, glyci 

Lab. Designation: B M 4g. Marpl 
cells 3 t o 4 by 1.5 to 2 microns. Ascospe 
s um blocks. Gr am-positive. Agar calan ic 
phous . Ge latine colonies: Slowly growi 
s lant: Scanty, fi Iiform, raised, glistenin 
s tab : Un iform, filiform, white. No lie 
g li stenin g, s mooth, white. No change in 
haurs, membranous surface growth; nO' 
Dunham.'s solution : Ammonia produced; 
a nd lactose. None in ,sucrose, glycerol 

Lab. D es ignation: B M 4k. Morpho 
Ends rounded. 1 to 2 by 05 to 0.7 micl 
ten peritrichous flage lla. Gram-positive. 
enti re amorphaus. Deep coloni es lens·she 
convex, en tire, amarphous, no liquefactic 
opaque, white, butyrous. Gistening an 
cra terifann liquefaction in 17 days: Pot 
(tan -colo red in 7 days). Medium grayed: 
Starch not decomposed. Litmus mille 
Pell icle at first. H eavy membl'ane in i 
Nitrates not reduced. Dunham's salutiO! 
action. Acid in g lucose, mannite and sue 

Lab. Designation. B M 4m. Morp 
to 0.4 micro n s, ends rounded. Capsules 
peritrichous fl agell a. Gram-negative. Al 
entire, a mol'phous ,surface calonies. Dee] 
veloping, circular, fi at, entire, amarphc 
raised, g li stening, s mooth, opaque, yellaw 
faction in 17 days. Potato: Moderate, f 
change in med ium. No starch decompa 
Broth: Slight surface pellicle, maderate 
days. No gas. Dunham's solution: Am 
Acid in g lucase. None in lactose, sucras 

Lab. Designation: D M 5b 2. Morp 
Size 0.6 x 1 to 1. 8 microns. Size af the I 
termined. Gram-positive. Agar colanies: 
coa rsely g ranular. Deep colonies lens·sf 
convex, g listenin g, smooth becoming rugc 
at top, filiform; no liquefaction. Patato 
becoming rugose, brown. Litmus milk: 
peptonizat ion. Broth : Membranous surJ 
viscid sediment. Nitrates reduced to n 
indol negative. No action on g lucase, I 
(Trevisan) species. 

Lab. Designation: B M Sc. Morphal 
by budding. Size of mature cells 3.4 to' 4 
observed. Agar colonies: Rapidly devele 
Agar sIan t : Abundant, fi li form becamin 
opaque, gray, butyrous, with fecal odar. 
form liquefaction. Potato: Abundant, fi 
brownish·gray. Litmus mille: Strongly 
Broth : Membranous surfflce growth, sl 
tube. Very abundant granu lar sediment. 
Ammonia strong ly positive, indal negativ, 
manni teo Aerobic. Torula species . 

L ab. Designation: B M Sd. Morphala 
clu stel's 0.4 to 0.8 micrans; size af majo 
capsules. Gram-positive. Agar colonies: 
amorphous. At first calorless, later ye Jlav 
entire, amorphaus. Cup liquefaction in 7 
in 7 days. At first filiform, later spreau 
butyrous. Ge latine stab: Unifol'm, fi lifar 
One -third complete in 15 days. Potato: 
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No spures or capsules . Gram · pos itive . Agar colo ll ie s: Sluwly growing, l"OUlld, smuo th, cUllvex 
eleva t ion, edge entire, amorphous interna l str ucture. Celatine colonies: Rapid ly growing, round', 
fi at, edge en t ire, amorphous. No liquefac tion observed in 7 days . Agar slant: Abundant, fi liform, 
!l a t, g lis tening, smooth, opaque, white, (;e latine s ta l): Uniform , filiform.. Liquefacton stratifofllJ 
in 1 day; complete in 15 day s . P ota to: Abundant, filiform, cream colored . Later, s·preading; 
g li s ten ing . Medium grayed. Litmus mi lk: S ligh tl y ac id on 7th day. No coagulation or peptoniza 
t ion . Hrut h : Memb ra nous surface growth. St rong clo uding. S light sediment by 7th day. 
N it rates not red uced. Dunham's solution: No ammonia; no indo!. Strong action 011 potato; 
Ilone Oll starch agar p late in 4 days. No gas; acid on g lucose, no action on lactose, sucrose, 
g lycero l or J;;;ull1ite. Aerobic. Not in Bergey 's Ma nuaL 

Lab. Designation: B M 4e. Morphology: Short rods, occurring singly and in pairs and 
ch:lins . Motilc by means of 1 polar flage ll um. 1 to 2 by 0.5 to 0.8 m icrons. No spores or C:ql
s ul es. Gra m -positive. Agar colonies: Rapidly growing, round, smooth, white, raised, entire, 
A morphou s surface colonies. Lens-shaped 'small subsurface colonies. Gelatine colonies: S low ly 
growing, rou nd, entire, white, amorphous colonies. No liquefact ion. Agar slant: Moderate, 
fi liform, raised, g li stening, smooth, opaque, white, butyrous. Ge latine stab : Uniform, filiform, 
w hi te. No liquefaction in 17 days. Potato: Abundant, fi li form (later spreading), l-aised, glistening, 
s mooth, c r eam,-colol·ed. Medium grayed. Litmus mi lk: Acid in 7 days but not coagulated. No 
pepton ization. Broth: Ring, s light clouding , scant viscid sediment. Nitrates reduced in 7 days. 
D un ham 's solu tion; Ammonia produced; indol not produced. No diastatic action. Little or 110 

ac tion on g lucose, lactose, sucrose, glycerol and mannite. Aerobic. Ach romobacter species. 
Lab. Designation : B M 4g. Morphology: Yeast -like cells l'eprod ucing by budding. Mature 

cells 3 to 4 by 1.5 to 2 m icrons. Ascospores not observcd on ordinary labOt-atory media nor on gyp
s um blocks . Gram-positive. Agar colonies: Slowly growing, cil-cular, smooth, convex, entire, amOl'
phous. Gelatine colonies: S lowly growing, circu lar, flat, entire amorph ous, no liquefaction. Agar 
s lant: Scanty, filiform, raised, glistening, smooth, opaque, white; butyrous cons,istency. Ge latine 
sta b : Un iform, filiform, white. No liquefaction in 17 days. Potato: Scanty. filiform, convex, 
g listening, smooth, white. No change in medium. Litmus milk: No change. Broth: Ring in 24 
hours, membranous surface growth; no clouding. Moderate flaky sediment. Nitrates not l·educed . 
D u nha m 's solution : Ammonia produced; indol not produced. No diastatic action. Acid in glucose 
and lactose. None in sucrose, glycerol or mannite. Aerobic. Toru l'a species. 

Lab . Des ignation: B M 4k. Morphology: Short Tods, occurring singly or in pairs and chains. 
Ends rou nded. 1 to 2 by 0 S to 0.7 microns. No spores, no capsules. Motile by means of fi ve to 
ten peritrichous flage lla. Gram-positive. Agar colonies: Rapidly growing, circular, smooth, convex, 
enti re amorphous. Deep co lonies lens -shaped, smalleL Ge latine colonies: Slowly growing, circu lar, 
convex, ent ire, amorphous, no liquefaction. Agar s lant: Model'ate, fi liform, raised, dull , smooth, 
opaque, white, butyrous. Gistening 011 second clay. Gelatine stab: Uniform, filiform. Slight 
craterifonn liquefaction in 17 days: Potato: Abundant, fi liform, flat, du ll , smooth, cream-co lorer! 
(ta n -colored in 7 days). Medium grayed at first, browned in 7 days. E levation raised in 7 days . 
S tarch not decomposed. Litmus mi lk: No changes except s light reduction in 7 days. Broth: 
Pe ll icle at first. Heavy membrane in 7 days. Moderate clouding. Moderate compact sediment. 
N it rates not reduced. Dunham's solution: Ammonia produced; indol not produced. No diastatic 
ac tion. Acid in g lucose, mann ite and sucrose. None in lactose and g lycerol. Aerobic. 

Lab. Des ig nation. B M 4111. Morpb ology: Short rods, occurring singly; 1 to 1 G by 0,25 
to 0 .4 m icrons, ends rounded. Capsules absent, endospores absent. Motile by means of () to S 
per it r ichou s flage lJ a. Gram-negative. Agar colonies: Slowly developing, circular, smooth, convex, 
entire, a morphous s u r face colonies. Deep colonies are lens shape. Ge latine colonies: Slowly de
ve lopi ng, circu lar, flat, entire, amOl·phous. No liquefaction. Agar slant: Moderate, fi liform, 
raised, glisten ing, smooth, opaque, ye llow, butyrous_ Ge latine stab: Uniform, filiform. No lique
faction in 17 days . Potato: Moderate, filiform, raised, glistening, smooth, yellow (later tan). No 
ch a n ge in med ium. No stal'ch decompos i tion . Litmus m ilk: Acid with coagu lation in 4 days. 
B roth: Slight surface pell icle, moderate clouding, heavy compact sediment. Nitrite produced ill 7 
days. No gas. Dun ham's solution: Ammonia produced; iil dol not produced. NO' diastatic action. 
Ac id in g lucose. None in lactose, sucrose, g lycero l or mann ite . Aerobic. Flavobacterium species. 

Lab. Designation: B M 5b 2. Morphology: Short rods occurring singly, with rou nded ends . 
S ize 0.6 x 1 to 1.8 microns. Size of the majority 0.6 by 1.5 microns . Motile. F lagellation not de
term ined . Gram-positive . Agar colonies: Rapid ly developing, circular, radiate, umbonate, lobate, 
coa r sely g ran ulaL Deep colon ies lens-shaped. Agar slant: Abu ndant filiform to ech in u late, 
convex, g li stening, smooth becoming rugose, opaque, gray, butyrous. Gelatine stab: Growth best 
a t top, fi li form; no liquefaction . Potato: Abundant, ech inulate, convex, d ull , opaque, conto1lred 
becoming rugose, brown . Litmus mi lk: A lkaline and reduced in 10 days. No coagulation or 
pep toni za ti on. Broth : Membranous surface growth, moderate c louding, moderate amoun t of 
viscid sedim en t. Nitrates reduced to nitrite_ Dunham's solution: Ammonia strongly positive, 
indol nega t ive. No action on glucose, lactose, sucrose, g lycerol or mannite. Aerobic . Kurthia 
(Trevisan) species. 

Lab. Designation: B M 5c. Morphology: Oval to ell iptical, yeast -like organisms, multiplying 
by budding. Size of mature cells 3 .4 to 4.5 microns w ide by 5 2 to 9 microns, long. No ascosporcs 
observed. Agar colonies: Rapid ly developing, circular, s111 ooth, raised, entire, coarsely granu laL 
Agar slant: Abundant, fi li form becoming ech inulate, convex, dull, contoured, becoming nlgose, 
0p\lque, gray, butyrous, with feca l odor. Gelatine stab: Uniform, filiform to beaded, with crateri
for m !iquefaction. Potato: Abundant, fi liform becoming spreading, raised, dull , rugose, opaque, 
hro wl1l sh-gray. Litmus milk: Strongly a lkaline and peptonized. No coagulation or reduction. 
Broth: Membranous surfflce growth, s light clouding with some flakes adhering to wa ll s of 
tube. Very abundant granular sediment. Nitrates not l-educed to nitrite. Dunham's solution: 
Ammonia strongly positive, indol negative . No action on glucose, lactose, sucrose, g lycerol and 
mannite. Aerobic. Torula species. 

Lab. Design ation: B M Sd. Morphology: Spheres, occurring singly and in pairs and irregular 
clusters 0,4 to 0 ,8 m icrons; size of ma jority, 0.5 m icroll . Non-mot ile , 110 flage lla, 110 spores or 
capsules. Gram-positive. Agar colonies: Slowly developing, circular, smooth, convex, entire, 
amorphous. At first colorless, later yellow. Gelatine colon ies: S lowly developing, circu lar, l-aised, 
enti re, a m or phous. Cup liquefaction in 7 clays. Agar slan t: Growth at firs t scanty, abundant 
in 7 days. At first fi liform, later spreading. At first colorless. later ye llow, smooth, glistening, 
butyrou s. Gelatine stab: Uniform, fi liform, white, stratiform liquefaction beginning on 2nd day. 
One-third complete in 15 days. Potato: In 7 days, heavy growth, raised, filiform, glistening, 
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bright orange color. Medi u m grayed. Litl11l1 s mi lk: A lka l ine in 7 days. No cO:lgu lation. l'ep 
to n izatio Il in 7 days . Ilrot h: Surface ri ll g: st rong, jlnsiste n t c lol1dillg. No scdill1ellt in 7 days. 
N it ri t e produ ced in 7 d a ys . No gas. J)lll ihalll ' s so ill tion: 1\nl l11onia produced; illdo l not ]Jrod uced. 
1\0 d ias t. a tic action on potat o () l' sta r ch agar Vlate. N o action on g lucose, lactose , sucrose g lycerol 
(JI' IIl a llll ite. Aerobic. J\l icrococcus species. 

L ab. D esig ll ation : B 1\'[ Se. Morphol ogy: Yeast-like cells, reproducillg by budding; mature 
ce ll s , 2 m ic r on s .. f\scos pores not prod uce d all ordi nary laborat ory l11 ed ia or on gypsum blocks. G ram
posi ti ve. Agal- colonies: S lowly deve lopi ng, circu lar, s mooth, convex, entire, amorphous. Gelatme 
colo nies: Ci rc ular, tl at, en t irc , amorpho us. No liql1eraction. Agar s lant: l\10derate, ftl ifor m , 
fiat , g lis t eni ng, s11l 00 th, wh ite . Ge latille stab: Uniform, fi lirorm, g listening, white. ]'v[edi u l1l 
g ra ye d in 7 days. Litmll s m ilk: No ch a nge. Brot h : S u rface rillg ill 7 da ys, no c loudi ng . Vl sc](1 
sed im ent in 2 days . Nitrates not reduced . Du nham's solut ion: Ko ammonia; no indo!. No diil 
stat ic actio n on starch agar plates. S light action on potato. Acid in glucose an'd sucrosc. No 
action on lactose, g lycerol or 1ll3nnile. Ae rohic. Torn la species. 

Lab. D esignation: Oidium B i\'[ 6. l\Iorpho logy: Branched filaments. 1.5 to 2 microns 
wide, prod uci ng cy lindrical oospores 1.5 to 2 by 6 to 8 m icrons in size. Gram-positive. Agar 
co loni es: R ap id ly develop ng, ci l'cular, myce lioid. su r hce l'ong- h , concentrically ri nged, convex, 
en t ire, fi la m e n tous in t e rn a l str ucture. Gelatine co lo nies: Sa m e appearance as agar colonies. Ag3r 
s la nt : A b un da nt , fil ifor m ( la ter sp read ing w ith fi lame n to u s edge), opaque, du ll. w h ite. 
Con sisten cy me m branou s . Gelatine stab: Bcst growt'h at top, fi liform. In 15 days, slight Ols) 
liq uefact io n , appearing as a sauccr-like depression. Potato: Similar to agar stroke_ Dirty white 
color. 1\1edi u m grayed. Litm u s mi lk: IO change. Broth: Heavy membranous surface growth, 
no cloud ing. Heavy v isc id sediment. P utrid odor. Xiu ite posit ive in 7 days. :Du nham's solu t ion: 
A mmonia produced; indol negative. No diastatic act ion. Ac id in glucose and glycerol. None in 
lactose, s u crose a nd ma nn ite. Aerobic. Oospora species. 

L a b . D es ig nat ion: B M 6 yeas t . M orp ho logy : Yeast- li ke cell s, reprod uci ng by budding. 
Te ndency to form fi la m ents. Size of majority of mature ce ll s, 4 by 2.5 m icr o n . Ascospores not 
o bserved. Gram-positive. Agar colonies: Ra,p id ly deve l·oping, circu lar, s mooth, conce n trica ll y 
r inged , en tire, a morphous, white. Ge latine colon ies: Hapiclly developing, circular, flat, undulate, 
coa r se ly granu lar. Spreadin g liquefaction in 2 clays. Agar s lant: Abundant, filifonn, ra ised, opaq ue, 
whi te, b ut yro u s. Ge latine stab: Uniform, filirorm, \l'hite. Liquefaction, stratiform. 1/6 complete 
in 15 days . Potato: Abundant, filiform to s preading, raised, contoured, du ll , clirty white. Mediulll 
g rayed. O dor yeasty a nd sl ight ly p u trid. Litmus mi lk: Alkaline in 7 days . No o th er change. 
Bro th : l\1e m brano u s s urface growt ll. No clollll ing. . canty compact sediment. Nitrite prod uced 
in 7 days . D u nh am's solu tion: No ammonia prod uced; 110 indol prod uced. ~o diastat ic action. 
S ligh t a cid prod uct ibn in g lucose aile! g lycerol. No change in lactose, sucrose and mannite. 
Aerob ic. Toru la species. 

Lab . D esignation: O idium B l\[ 7. l\[orpho logy: Branched fi laments 2 to 4 m icrons wide, 
produci ng cy l in d rica l oospores 4.5 to 6, by 2 t o 3.5 micro n s. Gram-positive. J\ gar colonies: Rapid ly 
deve loping, c irc ular , 1ll yce li oid. r 0u g h. r ad iat e . convex, entire fil ame nto us. Ge la t in e co lo ni es: R ap idl y 
developin g, ci r cula r, m ycel ioid, fiat, fi la m entou s. No liquefaction in 2 days. Agar s lant: Moder
ate, fi li for m to rhizo id, raised. d ull , fi lamentous, opaque, white. No change in med ium. Ge lati ne 
s t a b : U n iform, fi li form, on secon d day growth distinct ly best at top. Craterirorm l iq uefaction in 
15 cl a ys. Ve r y slight. Potato: M ode rate, fi liror m to r hizoid. co n vcx, dul l, filamentous, white . 
Med ium grayed. Litm u s mi lk: No change. Broth: ]\{embranous surface growth, very slight 
c loudi ng, scant, flocc ul ent sccliment. Nitrates n ot reduced. Dunham's so lution: Ammonia present. 
indol a b sent. J'\o diastalic action. No ac id or gas from g lucose, lactose, g lycerol , man n ite 01-
s ucrose. Aerobic. Oospo ra species . 

L ab. D esignation: B ]\I( 8c. Morphology : Yeast-like organisms reproducing by budding. 
Ma ture cell s 1.5 by 3.5 micron s. No ascospores ohse n'ed either on ordi nary cu lture med ia or fl ll 
gyps um h lock s . Gram-pos itive. Aga l' c() l on i e~: S low ly developing. c irc ular, s moot h convex. 
e n tire , a morphous. Gelatine colonies: Slowly rleveloping, circu lar, flat. enti r e. amorphous. No 
liq uefaction. Agar s lant; scanty to modcrate. fil iform, raised, g listcning, smooth, opaque, whi·te. 
butyro u s. Put r id odor. Ge lat inc stah: Heavy unirol'l11 g l'owth, fi li ror m . No liq uefac t ion in 15 
days. P otato: Scant to mode r a t e, fi lifonll . convex, g liste n ing . white, s mooth. Nredium grayed. 
Litm us m ilk: Good growth hut no change. Broth: Sl ight s urface ring in 7 clays, sl ight elouding 
w ith abu nd a n t v iscid sed im ent. J'\itrate reduced to nitr ite. Dunham ' s solution: Ammonia present, 
indol a b sen t. No d iastatie action. Acid in g lucose . No change in lactose, sucrose, gl)'cerol or 
man nite. Ae robic. Tond a species. 

La b . D es ig na t ion : B 2\ [ 9a. Mo rphol()gy: Yeast - like orga n is m. l'eprod ucing hy hudding. J\'£a
t ure ce ll s 2 . 3 h y 2 . 5 to ., .. ) m icrons. ;.(1) ascos por cs produced eitll cr on ord inary cu lt ul-e medi a 
or on gy p sum blocks. Cra m -pos itive. Agar co lonies: S low ly developing , circu lar, sm ooth, convex, 
en t ire, a m or pho u s . G.elatine co loni es: S low ly developi ng. circular, raised, entire. a morphous. 
No liquefaction. Agar s lant: Moderate , filiform. flat. g listening, opaque. white. Gelatine st'ab: 
U nifo rm , fi li for m , no liquefaction. Potato: l\I ode rate . fi lirorm. raised, white, du ll , med ium 
g rayed . L itm u s mi lk : No change. Brol h: SUI-race ring. slight clouding. scant visc id sediment. 
Nit r a te s n o t red u ced. D un ham's solution: Ko indol or ammonia produced. No diastatic action . 
Acid but no g a s p roduced in g lucose, lactosc and g lycerol. No actio n on mannite or s ucrose. 
Aerobic . Tor ula spec ies . 

L a b . Design ation: B M 9c. Mo r phology: Yeast- like o rganisms, reprod ucing by b udding. 
lH at u l'e ce ll s 3 .5 to 5 by 2 to 3 microns. No asco s.porcs observed either on ordinary cu lture jl1ed ia 
or o n gypsu m b locks. Gram-posit ive. J\ gar co lonies: S lowly dcve loping, ci l-cu la l', convex. ent ire, 
a m or ph ou s. Ge latine colonies: S lowly deve lopi ng. circu la r. fla t, enlire, amorpho u s. No l ique
fac t io n . A gar s lant: Sca n ty, fi li form, convex. g listening, white, smooth. h u tyrous. Dec ided putrid 
odor. Ge lati ne stab: Unirorm . fi l iform; no liquefaetioll in 15 days. Potato: Abundant. fi lirorm. 
convex, slight ly cont o ured, dull , white . Medium grayed. Putrid odor. Litmus mi lk: Cood 
g rowth bu t no cha nge in mediull1. Brotll: \"'hite s u rface ring, 1l10derate granu lar c louding, heavy, 
com pact sed im ent. P u trid odor. Nitrates s lightly I'cduced to 11itrite. D unhal11l' s solution: Am-
m oni a a nd in dol abse n t. No diastat ic act ion. Acid, hut no gas, rrulll g lucose and sucrose. No 
ac t ion on lactose, g lycel'ol or mannite. A e robic. Toru la species. 

Lab. D es ig na ti on : U '.\ 1 li b. '\ Ioqlho logy : H od s appearing si ng ly and in pairs 1.S to 2 .5 by 
0.4 t o 0 .7 mic r on s, with rounded ends and central ell iptical endospores with thin wa ll s. Moti le by 
m ean s of o ne polar flage ll ull1. Gram-negative. Agar colo nies: }{ apid ly deve lopin g, circular, smooth, 
convex, e n tire, amorphous. Gebtine eolnllies: Liqucfie(} in 2 days. Agar sbnt: Moderate, flJi -
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rorm, raised, glistening, smooth, opaque, 
Ilq uefactLOI1 stratifo rm in 7 (i3ys. compl 
brown. No change in mediul11 . Litmus 
coagu lation or reduction. Broth: No s 
not re d uced. Dunham 's solution: Al11m 
or gas from g lucose, lactosc , sucrose, g 

Lab. Des ig n at ion: B l\I l2d. '.\Iorp 
hy 1 to 2 microns, with rounded ends 
Xon-l11o t ile .. Gnlm-posit iye. Ag:1l' colol 
phous. Gelatl!1C colonies: Slowly dcvelo l 
~JIl 3rd day, changing to saucer liquefacti' 
lng, smooth, opaque . wh itc. Gelatine 
Abundant growth, fiat, glistening, ruga 
c hange. Broth: Moderate c louding, late 
l·ed uced. Dunham's so lu tion: Aml11oni3 
gas from g lucose, no change in lactose, ~ 

Lab. Designation: B l\1 13b_ 1\Iorpl 
ce ll s 1 to :3 by 2 to 5 m icrons. ASCOSPOl 
b locks. Gram-negative. Agar colonies: 
ph.o u s. G.e latine colonies: Slowly developi 
flltform, .l·aised. g listening, white, opaque 
I act l.on In 7 days. Pota to: M odera te, 
mec},ul11 brown. Litmus mi lk: No chal 
sediment. Nitrates not reduced. Dunl' 
Diastatic action: Strong hoth on starch 
in s ucrose a nd g lucose. No action on ]a 

Lab. Designation: B 1\1 13c. Morph 
to 1 by 0.25 to 0.5 micron. with round( 
c? lon ies: H api.c1ly developing, circular, 
Slow ly. developlllg, circul al-, convex, enti 
ate . . filtform, raised, g listening. opaque . , 
fac ll on co m pletc in 7 days. Potato: f\ b 
com es b r own. Medium graycd. Litmus 
i ll g·. visc id sediment, no odor. Nitrate s . 
~ hsent. Diast a tic actio n : Strong both 0 
111 g lu cose. g lycerol, s u crose and mannit, 

. Lab. Desi~nation: . B l\I 13d. 1\10rp: 
chng. 4 to 6 mIcrons Wide by 7 to 8 micro 
developing, circ ular, smooth, convex, ent 
s lant: Model-ate, ftl iform, flat iJecomin( 
sta le odor. Gelatine stab: Growth best 
J'.bu nrianL fi li form. convex. g listening, 
Litmus m.dk : Strongly a lka line and pep 
Su rface nng, moderate c louding, granula 
solu t ion: Al11ll1o~lia st rong ly posi t ive, in, 
glycel'O l 01- manl1lte. Ae l-ohic. Torula sp' 
. Lab. Designation: B M 15a. 1\10rph 
In ch ametc i-. No spores, no motility. G 
smooth. flat, entil-e, amorphous. 'Gelati 
amorphous; l iCJu~faction spreading. l\g ;; 
N? odor. GelatIne stab: Unirorm, fili : 
filtfor m , yell ow, medium grayell in 7 d 
lIlodera te c loudi ng . viscid sed iment. odo 
Am monia prescnt, indol absent. No diilst: 
1ll :lnnitc a nd s ucrose . Aerohi c . Micrococ 

Lab. Designation: B 1\1 15c. Morpl 
microns . Ends rounded, polar elongated, 
Gra m -negative. Agar colonies: Slowly 
Celat ine colon ies: Slowly deve loping. ci, 
~ I ant: ModC!'ate, fi lifor111. flat, dull , rug, 
111 7 days. Potato: Scanty growth; Illedi 
f\O surfacc growth. moderate c louding . vi 
snlu tlon : Ammonia present, indol absent 
1I0t aUackcd. Acid, but no gas from 0'1 
g lyccl'Ol. Aerob ic. Baci ll us species. b 

. Lab. Designation: B 1\[ l5d. Morph 
III C],;l meter. No cndospores, no l110tilit 
clr~u l ar, smooth, convex, entire, al110rphOl 
en t l re, a m OI-phous; liquefaction spreading. 
s m oot h. opaq ue. ye ll ow. Ge latine stab: 
Potato: Scanty, filiform, yellow, lllediLul' 
cloud in g . ah un dant fl aky . yiscid sediment 
p resent, inelol absent. No diastatic aeti, 
mall ni tc. J\erohic. J\[ icrocncc us species. 

L ab. Designatio n : D M 15d. 2. 1\1, 
of Ihe majority 0.8 microll. Grall1-negati 
c"" vex, en t ir e . coarse ly .I::Talll t! ;lr . J)eep 
CO li vex, g liste ning, Slllooth, o paque, slilJl' 
;1( top, fi liror m , slight cr:llerirOl'ln liqu~ 
s llIonth, tr:l lls lllccllt, pale ye ll!)\\,. r , itlllll~ 
11(> .. ",,).!ui:t t i"n . I !,-" I 11 : SlIrf;,,·C rill;":. " 
n ;,t "crillcrri III n il rite. IlulI],;"II', Siliutio 
fr(lIll. g lucusc. Nil action 011 la ctose, sue: 
SjJCCles . 
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form, raised, glistenin g, smooth, opaque, white to cream-color_ Gelatine staL: U niform , filiform; 
liquefact ion stratiform in 7 days. com plete in 15 days_ P ota to: Moderate. fil ifonll , ye llow to 
brOW ll _ No change in medium_ Litmus milk : A lkaline, complete ly p eptonized in 7 days with n o 
coagu lation or reduction_ B roth: No surface growth, st rong c louding , viscid sediment. Nitrates 
not r edu ced. Dunham's so lu t ion: Ammonia present, indol ahsent. No dia sta ti c ac tion _ No acid 
or gas from g lu cose, lactose, suc rose, g lycerol 0 1- m a nni te_ Aerobic_ B ac ill us species. 

L ab. D es ign at ion : B J\[ 12(1. M orphology : Hods oce unin g s in g ly a nd in ch a in s , 0.2 to 0.3 
hy 1 to :2 microns, with r ounded ends, and pOb,-. spher ical elldospores 1/4 miC\'on in di a mete r. 
l'\on - ll1ot ile . G,-am-pos it ive. Ag:u colon ies: S lowl y deve loping, ci l-c u lar, co nvex , e ntire, amor 
pho u s. Gelatine colonies: S lowly deve lopi ng, ci l-elJl a l-, convex, e n ti re, a morphou s . C up l iquefaction 
O il 3rd day . c h a nging to saucer liqu efaction o n 7th rh), . Agar s lant: Sca n t y , fi li for m , flat , g liste n 
ing-, smooth, opaque, wh itc. Gelati ne stab: U ni for m , fi liform; liqu efaction nap iform . Potato : 
Abundant growth, flat, g listening, rugose, cream-color ed. Medium g l-ayed. Li t mu s m ilk : No 
cliange. Broth: Moderate c lo ud ing, later clearing -with a slight fl occ u len t sed im e nt. Nitnltes not 
reduced. Dunham's so lution: Ammollia present , indol abse nt. No diastatic action. Acid, but ]1 0 

gas from g lucose, n'O change in lactose, sucrose, glycerol or mannite. Aerobic. 
Lab. Designation: B M 13b. Morpho logy: Yeast- lik e cell s, multipl ying by budding. :Maturc 

ce lls 1 to 3 by 2 to 5 miC\'on s . Ascospores not obse l' ved on orrlin;ll' Y c ult u r e m ed ia, 01- on g yp sum 
blocks. Gram-negative. Agar colonies: S lowly developing, circul ar, s m ooth, flat, enti l-e, am or
phous. G.e latine colonies: S low ly deve loping, cil-cubr, flat. ('up l iquefaction. Agar s la nt : M oderate , 
fi l ifo rm, raised, g listening, white, opaque. Ge latine s tah: Growth best at top, fi lifol-m; no lique 
faction in 7 days. P ot a to: :Mod era te, fi Ii for m , raise d, dull, 5 111 oath . w h i te, later ch anging t o 
m ed ium brown. Litm us milk : No cha nge. Broth: Sudace ring, slight clouding, scant y, fl aky 
scdiment. Nitrates not reduced. Dunham' s solution: A mm on ia produced. indol not produced. 
D ias tatic action: StnJllg hoth on sta rch agar plate s and potato m edium. S ligh t acid, but no gas 
in s uc rose and g lu cose. No actiOll on la ctosc, g lyce rol 01' m annite. Aerobic_ T oru la species. 

Lab. Designation : B 1\1 J3c. l\Iorphology: Rods occurrin g s in g ly, in pail-s and in chains , 0 5 
to 1 by 0.25 to 0 .5 mi c ron . with ]'ou nd ed e nd s. No s pores. non-m o ti le. Gram -positive. Ag-ar 
co lonies: Rapidl y developing, circ ul ar, s m oo th, convex, ent il-e. amorphous . Gelatine colo nies: 
S lowly developing, circul al-, convex, en t ir e, amorphous , sa ucer liq uefaction . A gar s lant : Moder 
atc. fi liform, raised, g- listening-. opaque . wh it e. Gelatine stab: U ni for m , filiform; st r a tiform lique 
faction completc in 7 days. Potato: Abundant, fi liform, cream-colored , g li s t en inR; later, color be
com cs brown. M edium g ra yed. Lit mu s mi lk: No cha n ge. Broth: Surface pellicle, heavy cloud 
ing , visc id sediment, n o odor. Nitrates n ot red u ced . Dunham's solu tio n : Ammonia present, indol 
abse nt. Diastatic actio n : Strong both on sta l-ch agar plates and potato media . Acid, but 110 gas 
in g lucose . g lycerol, su crose a n d manl1ite. No action on la ctose. Aerobic. 

L ab. Designation: B 1\1 13d. M orphol ogy: Oval , ycast- like o rganis m s, multipl ying by bud
ding . 4 to G microns wide by 7 (0 8 microns lo ng. No ascospores observed. A gar colonies : Rapidl y 
developing. circul ar, s m ooth. convex, entire, coa r se ly granulaL Decp col·on ies lens-shaped. Agar 
s lan t: Nfoderate, fi liform, flat bcco min g co nvex, g li s te n ing, s m ooth, opaque . gray, slimy, with 
sta le odor. Ge latine stab: G,-owth best at top. ["iform to beaded . No liquefac·tion_ P ota to: 
Abllnrl a n t. fi liform . C011vex . g li ste ning. hccomi ng' dull. con toured, opa (Jue, g ra y , becoming brown . 
L it mu s mille St rong ly a lka line and peptoni zed in ]0 rl;1 YS. No coag ula t ion or reduction. Broth: 
S urfa ce ring, m oderate clouding, gran ular scdi m ent.. N itrates not r edu ced to nitrite. Dunham's 
soluti on: Ammonia strong ly pos it ive , indol negati\'c. '0 ac ti on on g lucose, lac tose, sucrosc, 
g lyce rol 01' mannite. Aerohic. Torula spec ies. 

L ab. Designation: B M 1Sa. Morphology: Sphercs occurring in irregular clusters .7 micron 
in diameter. No spores, no m otility. Gram-positive. Agar coloni es : Slowly deve loping, circu!ar , 
s mooth. flat, entire, amorphous. Ge latine colonics: S lowly developing, ci r cular, flat, cntu-c, 
am orphou s; li(Juefactio n spreading_ Agar slan t : Ahu ndant, fi li form, raised, g li sten ing, yellow. 
No odor. Gelatine stab: U niform , fi lifor l1l ; liqu efaction co mp lete in 7 days . Potato: Scant , 
fi lifo rm , yell ow, mediul11 grayed in 7 days. Litmus milk: No cha nge. B roth: Surface ring , 
morlel-a t e c loud in g' . v isc id sed im ent. odor ahsent. Ki tl-a tes not reduced. Dun h a m' s soluti on : 
j\l11m-onia present, indo l absent. No cliastatic action. No aci d or gas from g lu cose , lactose , g lycerol, 
manl1it c a nd sucrose. Aerobi c. Micrococc u ~ spec ies . 

L ab. Designation: H M ISc. Morphology: Hods, occ un-ing in pairs a nd cha in s, 1.5 by 0 .. 1 
m icrons. Ends rounded, polar e longatcd endO SPol'es 0 .. 1 by 0 .5 micron. a nd thin walls. Non-moti lc . 
Gram-negative. Agal- co lonies: Slowly deve lop in g', circu lal-, s m ooth, rai sed, entire, amorphous. 
C elat ine colo ni es: S lowly deve lop in g , c il·cul ar. l·aised. en t ir e . :tl11oqJllOUS. P lates liquefied. Aga l' 
s la n t: ModCl'ate , fi li fo rm . fla t, d ull , rugose. white . Ge lati ne stah: Filifol'll1 li(Juefaction cn 'llplet e 
in 7 days. Pota to: Scanty grow th; mcdium grayerl in 7 days. Litmus mille No changc. n roth : 
l'\() sudace g rowth , moderate clo ud ing , viscid sed im ent, no oclo r . N itrates n ot I-educed. ])\1',]lal11' 5 
so lu tion: Ammonia prese n t, indol abscnt. Strong diastatic ac ti on on stal-ch agar p lates. P ota to 
not attackcd. Acid, but no gas from glucose a nd mannite. No ac t ion on lactose, sucrose, 'Or 
g- lyce1'01. Aerobic. Bac illu s species. 

Lab. Designation: B M lSd. M orphology : Sphercs in pairs anel irregular clusters 0.3 micro n 
in diamcter. No endosporcs, 110 m o tility. Gralll-negative. Agar colonies: Slowly deve loping, 
ci l-c ular, smooth, convex, en tire, amorphous. Gelatinc co lonies: S lowly deve loping, circula r, convcx , 
cn tire, a m oq)hous; liquefaction spread ing. Agar s lan t : Abund ant, filifor11l, raised, g listening, 
s m oot h , opaque, ye llow. Gelat ine stab: U ni fo l'ln. filifo rm. Liquefaction comple te in 7 days. 
Potat o: Scanty, filiform, yell ow, medium grayed. Litl11us milk : No chan ge. Broth : Model-ate 
c loudin g, abundant flak)'. v iscid scdi m en t. l\' itrates not redu ced. Dunham 's solution : Ammonia 
present , ind ol ahscnt. No dias tatie action. No action on g lu cose, lactose, su crose , glycerol o r 
m;111ll i te . A erohic. lVI ic rococctls spec ics. 

Lab. D esignation : B l\'[ 1Sd. 2. M orphology: Spheres occurr ing s ingly a nd in pairs. Size 
of the majo r ity 0.8 mic ron . Gram-negative. Agar colonic s: Rapidly developi ng, c irc ular, s 111oo th, 
CIl U \ ' l' X, enti r e. coarse ly .gT:l nula,-, Dcep coloni es lens-shape d . J\ gar s la n t: Abundant , fi li form , 
con vcx, g li s tening, s mooth, opaq tl c, s linl Y. gray, becom ing yc ll ow. Gelalille st ab : Growth best 
:It to p, fi lifol'lll, s light crat(,l-ifo,.,n l iq uefac t io11. J'otat(): Sca nt y. fi lifor m , convcx, g listening. 
~ 111 \lO th , tr ;lll s lu cc 11t , pa lc ye l1 0w. Lit11111 S ,,,ilk : .'\Ik :llill c, st r' "1 ,1.(-ly I'c l' t') l1 i7.c d ;i1 1c1 fcd ll Cf'ri with 
"f) "",,).:ul:t ti ' lll . Ih ' lth : :-;"d:l<'c ri11g , ,,, ))d"Llte (·I'I11di",l:. :lh1111d:111t \· is, irl ~c d i 111 ~ nt . Nitrate s 
" ;It .-cdll,' " d tn 11 itl'll C'. l) lI11 i1: 'I"', ~ "llIti(," : ,\ 111 111"" i;. IJI 's iti\'{·. inrl,,1 ll C' g ;l!i \'c. Aci d. hllt I1 P ga~ 
[1'''111 glucusc. I" action UII b ' losc, s ucruse, g lyccro l 01' nElllllitc. . \ croIJic. M icrucoccus (Cuhn) 
sjJccics. 
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Lab. Designation: B M 16a. Morphology: Spheres occurring in irregular clusters .3 micron 
in diameter. Gram-negative. Agar colonies: Circu lar, smooth, flat, entire, amorphous. Gelatine 
colonies: Circular, flat, entire, no liquefaction. Agar slant: Moderate, filiform, raised, glistening, 
contoured, opaque, white. Gelatine stab: S light crateriform liquefaction in 7 days. Potato: 
Scant, white, flat, medium unchanged. Litmus mi lk: No change. Broth: No su rface g rowth . 
Strong clouding and heavy sediment. Nitrates not recluced. Dunh am's solution: Ammoni a prese.n t, 
indol absent. No diastatic action. Acid from g lucose, lactose, sucrose, glycerol and man l11 te. 
Aerobic. Micrococcus species. 

Lab. Designation: B M 16b. Morphology: Spheres occurring singly and in pairs .25 micron in 
diameter. Gram-negative. Agar colonies: S lowly developing, circl1 lar, smooth, flat, entire, a mor
phous. Gelatine colonies: S lowly developing, irregular, flat, with spreading liquefaction. Agar 
slant: Moderate, fi liform, raised, g listening, smooth, opaque, white. Gelatine stab: Best at top, 
filiform, stratiform liquefaction observed in 7 days. Potato: Moderate, raised, white. No change 
ill medium_ Litmus milk: Coagulated in 7 days. S light reduction but no peptonization or 
change in I·eaction. Broth: No s urface growth, heavy clouding, v iscid sediment. Nitrates not 
red u ced. Dunham's solution: Ammonia positive, indol negative. No diastatic action. Acid in 
glucose, lactose, sucrose and glycerol. No action on mannite. Aerobic. Micrococcus species. 

Lab. Designation: B M 16c. Morphology: Yeast-like ce1Js multiplying by: budding. Mature 
cel ls 1.25 by 1 7S microns. Ascospores not olJse r ved in ord inary cu lture medIa no I' on gy psum 
blocks. Gram-negative. Agar colonies: Rapidly developing, punctiform to circulal-, smooth, 
raised, entire, amorphous. Ge latine colonies: Slowly deve loping, circular, flat, entire : amorph o~l s. 
No liquefaction. Agar s lant: Scanty, fi liform, I'aised, glistening, smooth, .opaque . whl.te. Ge.lat ln e 
stab: GI'owth best at top, fi liform, no liquefaction. Potato: Growth raIsed, g !lstel11ng, fihfo,rm, 
white. Medium unchanged. Litmus mi lk: No change. Broth: No surface growt!l, no c lou d 1l1~ , 
abundant viscid sediment. Nitrates I'educed in 7 days. No gas. D unham's solutIOn: An~m ol11 a 
positive, indol negative. No diastatic action. Acid on g lucos·e, lactose and sucrose. No actIOn on 
glycerol or mannite. Aerobic. Toru la species. 

Lab. Design:1tion: D M l6d. M.ol·ph ology: SpllC'les nCCUlling in inegubr cl11sters 03 micI.ol1 
in diameter. Gram·negative. Agar colonies: R ap idly developing, circular, smooth, flat, e n t ll'c, 
amorphous. Gelatine colonies: Slowly developing, fl at, entire; no liquefac tion. Agar s lant: 
Moderate, filiform, rai sed, smooth, opaque , white. Gelatine stab.: Grow th best at -~op, fi liform, 
slight crateriform liquefac tion. Potato: Moderate, ftliform, raIsed. . No chang.c 111 medium . 
Litmus mille: No c hange. Droth: No sul"face growth, moderate c1oueltng, no sediment. Nit ratcs 
not reduced. Dunham's solution: Ammonia pre sen t, indol absent. No diastatic action. Acid in 
glucose, lactose, sucrose, glycerol and mannit e . Aerobic. Mi crococcus spccies. 

Lab. Designation : B M 16e. Morphology: Spheres occurring singly and in irregular clusters 
0 .25 micron in diameter. Gram-negative. Agar colonies: Rapidly developing, circular, smooth, 
flat, entire, amorphous. Gelatine colonies: S lowly developing, circular, raised, en~ire. Cup 
liquefaction. Agar s lant: Moderate, fi liform, g li stening, contoured, brown. Gelat \11 e stab: 
Growth best at top, filiform. S light crateriform liquefaction started in 7 days. Potato: Moderate, 
fi liform, brown. Medium unchanged. Litmus mille No change in 7 days. Brot~: No surfa~e 
growth, slight clouding, scant sediment. Nitrates not reduced. Dunham's solutIOn: A m monIa 
positive, indol negative. No diastatic action. Acid in g lucose, lactose, sucrose, glycerol and 
lllannite. Aerobic. Micrococcus species. 

Lab. Designation: Oidium B M 17. M orphology : B ranched fi lame n ts 2 to 8 microns wide, 
producing cylindrical oospores 2 to 3 microns wide, 5 llliCl"OllS in length. Gram-positive. Agar 
colonies: S lowly devc loping, p11nctiform t o circu la l' to m yce lioicJ in form. Surface rough, elevation 
flat, edge filamentous. Interna l structure amorph011S in ccntral portions, fi lamentous on edgc. 
Gelatine colonies: Slowly developing, pUl1ctifirm to mycelioid, flat, entire; no liquefact ion. A gar 
s lant: Moderate, filiform, raised, dull, contoured, opaque, white. Gelatine stab: Best at top, 
fi liform; no liquefaction. Potato: Abundant, raised, filiform, white. Medium unchanged. L it m us 
milk: Slight I'eduction of litmus in 2 days. Strongly coagulated in 7 days . No peptoniza t ion 01' 

reaction in 7 days. Broth: Membranous surface growth. Slight clouding. No sediment. Ni t rates 
not reduced. Dunham's solution: Ammonia strongly positive, indo l negative. No diastatic action 
in 7 days. Acid in glucosc, lactose, sucrosc, and glycerol. No action on mannite. Aerobic . 
Oospora species. 

Lab. Designation: Yeast B M 17. Morphology: Ycast-like cell s reproducing by budding. Ma
ture ce lls from 3 by 2 microns . AScos pOl'es no t observed on ord inat·y media or on gypsu m b locks. 
Gram·positive. Agar colonies: Rapicl ly devcloping, punct iform to fi lam ent o 11 s, rough, raised, fi la
mentous, coarsely granu laL Gelatine colonic s: ]~apidly developing, circu1:1r, raiscd, llndula te 10 
fi lamentous. Internal structure filamentous liquefaction at first cup, later saucer. Agar s lant: 
Abu udant, fi liform, raised, dull , contoured, opaque, white. Ge lat ine stab: Best at top, fi lifol"ll l, 
c raterifonn liquefaction . Potato: Heavy, raised, g'listening to dull , contoured, grayish. Medium 
grayed. Litmus milk: Litmus reduced in 2 day-so Strong pepton ization in 7 days. No coag1l lation 
01' change in reaction. Broth: Memhranous surface growth, strong c louding, heavy sediment. 
Nitrates not reduced. Dunham's solution: Am1llonia strongly positive, indol negativc. No dia · 
static action. in 7 days. No change in glucose, lactose , sucrose, glycerol or mannite. Acrobic. 
Torll la species. 

Lab. Designation: B M 17a. Morphology : Yeast· like cells reproducing by budding. ]\faturc 
cells 2 by 1.5 microns. ASCOSPOI es n ot obsel'vecl on onlincll y m ed i:1 01' gypsum b locks. Gra m 
ncgative. Agar colonies: Slowly developing, circular, smooth, fI 'l t, ell tire, amorpho us. Gelatinc 
colo nies: Slowly devc l0ping, punctiform to circu la r, I'aiscd, entire, amorphous; no liquefaction. 
Agar s lant: Scanty, fi liform , raised, gliste n ing, contoured, opaque, white. qelatine. stab: U ni · 
fe)1"lll , fi li form. No l if\uefac t iol1 . P o tato: \Vhite, fi liform growth. No changc 111 medIum. Litmus 
milk: No changc. Broth: No s urf:-l ce growth, no clouding. Abundant viscid. sediment. Nitrates 
Ilot reduced. Dunhalll's so luti on: AJ11l1lonia prc sen t, indol C1hsenL N o diastat ic :1ction. Acid ill 
g-I"cose, lactose, s ucrosf' . glycerol and 1l13nllite. Aerobic. Tor.lIla .species. . 

Lab. Designation: n. M 1ic. J\forphology: Spheres occurnng III pairs and Irregular group,; 
() .1 micron in diameter. Gram·negative. Agar colonie s: Rap~dly deve lo~:ing, circu}ar. ~moo.th. 
qised. entirc. amorphous. Gelatine colonies: Slowly deve lopl11g, punctiform, raised. pntlre, 
~morphous. No liquefactinn. Agar slanl: ~rClnty, filiform. r:-lised , sm()oth, opaque. white. Gela 
I inc s lab: Growth hest 'Jt Inp. filiforll1; 11 0 li(juP.iactio ll il1 7 day s . Pnf;lto: Growth scanty. 
fi liform, .w hile; no chan!5e. in 1ll.ediulII. l~itmu s milk: No ~h~ngc: Hr0th: No surface growt~. 
110 cloud1l1g, abundant VISCid sedllllellt. Nitrate reduccd to llItnte 111 7 days. No gas. Dunham s 
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solution: Amlllonia jJ0sitivc, nitrate r 
lactose and sucrose. No action on g : 

Lab. Designation: B l\I 17d. M< 
ce ll s 1. 25 by 2.5 micron s. No ascos 
media. Gram.negative. Agar coloni 
phous. Gelatine colonies: Slowly de 
Agal' s lant: Scanty, fi liform, raised, 
hest at top, fi liform; 110 liquefaction. 
Litmus milk: Coagulated in 7 days; 
No surface growth, no clouding. abn 
Ammonia present, indol absent. No d 
mannite. Aerobic. Torula species. 

Lab. Designation: B M 17e. Me 
cells 2 by 2.5 microns . Ascospores n< 
GI·am-positive. Agar colonies: Rla pie 
flat, undulate, amorphous. Gelatine e 
saucer liquefaction. Agar slant: Ab 
opaque, white. Gelatine stab: Unifor 
Growth abundant, bmwn; no change 
coagulation. Strong peptonization and 
surface growth. Slight clouding. Sci 
tion: Ammonia stl'ongly positive, in 
medium. No action on starch agar pIa 
or mannite. Aerobic. Toru la species 

Lab. Designation: 0 B 1a. M 
]Hature cells 4. 5 microns. Ascospores 
media. Gram-positive . A gar colonies: 
Gelatine colonies: Slowly developing, 
slant: Moderate, filiform, convex, gli, 
s tab: Growth bes.t at top, filiform, gl 
moderate, filiform, white. Medium un 
s light clouding, gTanular sediment. N 
indol negative. No diastatic action. A 
on g lycerol or mannite. Aerobic. Tc 

Lab. Designation: 0 BIb. M< 
]\'[ature cclls 3.1 to 4 6 microns. N, 
J\10dcrate, round, smooth, convex, ent 
convex, glistening, smooth, opaque, \\ 
Medium unchanged. No liquefaction. 
of t !.Ibe, and abundant on the bottom. 
or lllannite. Aerobic. Torula species. 

L;) b. Designation: 0 B lc. Morr 
0.8 to 1 micron in diametel". Grall1·pos i 
smooth, convex, undulate, finely gram 
rllp liquefaction. Agar slant: Ahllnda 
cOlltour~d, slimy, cream-colored and p< 
:1nd filJform and light brown. Medin 
Potato: Moderate, fi liform, brown, mel 
Surface ring, slight clouding, viscid se 
solution: Ammonia and indol absent. 
SUCI'ose, glycerol and l1lannite. No a< 

Lab. Designation: 0 B 2a. Me 
Mature cells 4.5 to 5.5 microns. No ase 
ate brown, smooth. convex, entire. e 
s lant: J\l[oderate, filiform, convcx, glist< 
hest at top, filiform to beaded, gray ; 
c louding but flakes adhering to walls of 
ring. No clouding but sedimcnt adheri' 
gas.. No action on glucose, lactose, ~ 
speCles. 

Lab. Designation: 0 n 2h. MOl 
Mature cell s 0.7 to 1.2 microns . Agal 
granular. Subsurface colonies lens·sh 
smooth, opaqlle, whit.e, slimy. Gelatil 
Cl"ateriform. Cider : No surface growt 
lion. Glucose broth: No surface cell 
ch romogenesis. Acid, but no gas from 
on manni teo Acrobic. Torula species. 

Lab. Designation: 0 B 2c. Mor 
Mature cells 1 micron. No ascospore 
round, smooth, convex, entire, finely gr 
s lant: Abundant, filiform, convex, g li sl< 
hcst at top, filiform, gray; liquefactie 
scanty sedi m ent, viscid 011 agitation. 
:Moderate yiscid sediment, growth gTa\'i 
ll1 'l ltose and g lyccrnl. No :lclion 'on' r 

Lab. Dcsignat inn: 0 n ::0. l\inrph 
lure cells .8 10 1 micron . !'-;() ascospor 
I (mnd. s 111 00t.h, con vex, en! ire, finely ~ 
~mooth. opaque. white, slim .\". (;el~line 
CidcJ: Nn slI!"face growlh. s ljght cintlc 
face growth. s t rong - I 11 rhidi I y, ahlillcianl 
",Iucose, la ctose , Slicrosc, lllaltose, glyce 

Lab. Des ignation: 0 B 3a. Mo 
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solution: A tn monia positive, ni tra te positive, ind'ol nega tive . No diasta tic action. Acid in glucose, 
lactose and SUCl"ose. No action on glycerol and mannite . Aerobic. l\1icl"OCOCCUS species. 

Lab. Designation: B M 17d. Morphology: Yeast-like cells multiplying by budding. Mature 
cell s 1.25 by 2.5 microns. No ascospores observed on gypsum blocks or on ordinary laboratory 
media. Gram-negative. Agar colonies: Slowly developing, round, sl11ooth, flat, entire, amor
phous. Gelatine colonies: Slowly developing, circular, raised, entire, amorphous; no liquefaction . 
Agal- s lant: Scanty, filiform, raised, glistening, contoured, opaque, white. Gelatine stab: Growth 
hest at top, fi liform; 11 0 liquefaction. Potato: Gl-owth filiform and white; no change in medium. 
Litmus milk: Coagu lated in 7 days; no peptonization, reduction or change in reaction. Broth: 
No surface growth, no cloud-ing, abundant sediment. Nitrates not reduced. Dunham:' s solution: 
A m monia present, indol absent. No diastatic action. Acid in g lucose, lactose, sucrose, glycerol and 
mannite . Aerobic. Torula species. 

Lab . Designation: B M 17e. Morphology: Yeast-like cells, multiply ing by budding, mature 
cell s 2 by 2.5 microns. Ascospores not observed on ordinary culture media or on gypsum b locks. 
Gram-posit ive. Agar colonies: R'apidly developing, punctiform to circular, to in-egular, smouth , 
fiat, u ndulate, amorphous. Gelatine colon ies: Slowly developing, circular, flat, undulate, showi ng 
saucer liquefaction. Agar slant: Abundant surface growth, filiform, raised, dull , contoured, 
opaque, wh ite. Gelatine stab: Uniform, filiform; liquefaction started to form in 7 days. Potato: 
Growth abu ndant, brown; no change in medium. Litmu s mille Sl ight reduction in 2 days. No 
coagulation. Strong peptonization and reduction in 7 days. Reaction neutral. Broth: Membranolls 
su rface growth . Slight clouding. Scant viscid sediment. Nitrates not reduced. Dunham's solu
tion: Ammonia strongly positive, indol negative. Diastatic action: Starch reduced in potato 
medium. No action 'On starch agar plates in 3 days. No acton on glucose, lactose, sucrose, glycerol 
or mannite. Ael-obic. Toru la species. 

Lab. Designation : 0 B 1a. M'Orphology: Yeast-like organisms, multiplying by budding. 
l\Tatllre cells 4.5 micron s . Ascos pores not obse rved on gypsum b locks nor on onlinary laboratOl'Y 
media. Gram-positive. Agar colonies: Moderate, round, smooth, convex, entire, coarsely granular. 
Gelatine colonies: Slowly developing, circular, flat, entire, ,amorphous. No liquefaction. Agar 
s lant: Moderate, fi liform, c'Onvex, glistening, smooth, opaque, white, slimy; putrid odor. Gelatine 
s tab: Growth bes,t at top, filiform, gray. Medium unchang-ed. No liquefaction. Potato: Growth 
moderate, filifo r m, white. 1\1ediul11 unchanged. Litmus milk: No change. Broth: Surface ring, 
s li gh t clouding, granu lar sediment. Nitrates not reduced. Dunham's solution: Ammonia absen t, 
indol negative. No diastatic action. Acid but no gas from glucose, lactose and sucrose. No action 
on g lycerol or mannite. Aerobic. Torula species. 

Lab. Designation: 0 13 lb. Morphology : Yeast-like organisms, multiplying by budding. 
l\Tat ure cells 3.1 to 46 mic1"Olls. N o ascospores observed on gypsum b locks. Agar col<:lt1ies: 
1\10derate, round, smooth, convex, entire, coarsely granular. Agar slant: l\10derate, fihfon11, 
convex, glistening, smooth, opaque, white, slimy. Gelatine stab: Growth best at top, filiform. 
Medium unchanged. No liquefaction. Cider: Ringed surface growth. Sediment adhering to walls 
of t l1be, and abundan t on the bottom. No action on glucose, lactose, sucwse, maltose, g lycewl 
or mannite. Aerobic. Torula species. 

Lab. Designation : 0 B lc. l\'[orpllology: Spheres occurring in pairs and irregular clusters 
O.S to 1 miCl"on in diameter. Gram-positive. Agar colonies: Rapidly developing, round to irregular, 
smooth, convex, undulate, finely granu lar. Gelatine colonies: Irregular, flat, undulate exh ibiti ng 
Cli p liquefaction. Agar slant: Abundant, filiform to spreading, ra ised, glistening, smooth, later 
con toured, slimy, cream-colored and possessing a fecal odor. Gelatine stab: Growth best at top 
;111d fi liform and light brown. Medium unchanged. Liquefaction erateriform, later stratiform. 
Potato: Moderate, filiform, bwwn, medium grayed. Litmus mi lk: No change in 7 days. Broth: 
Surface r ing, slight clouding, viscid sediment. Nitrates reduced to nitrites in 7 days. Dunham's 
solu tion: Ammonia and indol absent. No diastatic action. Acid but no gas in glucose, lactose, 
sucr'Ose, g lycerol and mannite. No action on maltose. Ael-obic. 

Lab. Designation: 0 B 2a. Morphology: Yeast-like organisms multiplying by budding. 
Mature cells 4. 5 to 5.5 microns. No aseospores observed on gypsum blocks. Agar colonies: 1vIoder
ale brown, smooth, convex, entire, coarsely granular. Subsurfaee colonies lens-shaped. Agar 
s lant: 1vJ oderate, fi liform, convex, g li stening, sl11ooth, opaque, white, slimy. Gelatine stab: Growth 
hest at top, filiform to beaded, g ray; no liquefaction in 7 clays . Cider: S light surface !"ing. No 
clouding but flakes adhering to walls of tube. Abunclant granular sediment. Glucose broth: S light 
ri ng . No clouding but sediment adhering to walls of tube and abundant; granular in bOtt0111 . No 
gas. No action on glucose, lactose, sucrose, maltose, glycerol or mannite. Aerobic. Torula 
species. 

Lab. Designation: 0 B 2h. Morphology : Yeast-like organisms, multiplying by buddiug. 
l\1ature cell s 0.7 to 1.2 microns. Agar eolollies: l\10derate, round, smooth, convex, entire, fine ly 
granular. Subsurface colonies len s-shaped. Agar slant: Modera t e, fili form, flat, g listening, 
smooth, opaque, white, slimy. Gclatine stah: Growth best at top, filiform, gray; liquefactio11 
crateriform. Cider: No surface growth, sligl1t clouding. Gray, scant sediment, viscid on agita
tion. Glucose broth: No sudace cell growth, strong clouding, abundant viscid sediment. Gray 
chromogenesis. Acid, but no gas from glucose, lactose, sucrose, maltose, and glycerol. No action 
on mal1nite. Aerobic. Torula species. • 

Lab. Designation: 0 B 2c. Morphology: Yeast-like organisms, multiplying by budding. 
1\iature cel ls 1 micron. No ascospores observed on gypsum blocks . Agar colonies: Moderate, 
round, smooth, convex, entire, finely granu lar. Suhsurfaee colonies lens-shaped or cuneiform. Agar 
s lant: Abundant, filiform, convex, glistening, s11100th, opaque, white, slimy. Gelatine stab: Growth 
hest at top, filiform, gray; liquefaction stratiform. Cider: No surface growth. Fluid turbid, 
scanty secliment, viscid 011 agitation. Glucose broth: No surface growth. Abundant turbidity. 
l\1"oderate viscid sediment, growth grayish while. Acid. hut no gas fro111 glucose, lactose, Sllcr',se, 
111'l.l tose and glycnol. No :Icti on on l1la1l1l ile. Ael·obic. T o rula species. 

Lah . Designation: 0 H ::'0. l\1nrpllOJogy: \'eelst -like organ isms lllu l tiplying hy hudding. 1\ 1;1-
lure cells .8 1.0 1 micron. "[\'1) ascospores observed 011 gyPSUIlJ blocks. Agar co lonies: Modera!,., 
round. smooth. convex, entire, finely granular. Agar slant: Ahunrlant, fi lifo rJ11, fbt. glistening. 
~mooth, opaque. white, slim.\". \'el:1line st~h: \']"ol\"l"h hes t ilt· top. filifor l11. grilY· N0 Ji'l'lefaction . 
Cider: No sllrface growth. s li ght c jn uc1ill g. 5," 111 vi,cid. gray spriil11ent. Glll co~p hroth: No S II1" 

face growth. strong turhidit y, abuurlant. gr;lY. viscid snli11lcnt. No gas. Acid hill 110 gas from 
>:Iu("ose, lac tose, suet·osC', l11alt ose, g iycer(11 and manllitr. Ael·oh ic. Torula species. 

Lab. Designation: 0 B 3a. Morphology: Yeast -like organisms multiplying by buddin~. 
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Ma ture cell s O.S to 1 micron. No ascosporcs observed on gypsum b locks. Agar colonies: M ode r 
,d e, round, s11100th, convex, en tire, fine ly gra nul ar. Aga r s la nt: l\10derate, filiform, raised, 
g l1 s te11ln g, s l11ooth, opaq ue, white, s lim y, with a dec ided yeasty odor. Gelatine stab: . Grow.th 
best at top . F ll ifOlI11, g l ay; IIquefaetlOll stlat lfOl Ill . Cider: No surface growth, fluid turbid , 
5canty glay sediment vIsc id on agita t lOll. Glucose broth : S light surface ring, strongly turbid. 
Illoderate whitish g l ay sedi m ent, v Isc id on ag it a ti on A cid but no gas in glucose, lactose, sucrose, 
maltose, g lycerol and m a nnit e. A erobi C. T o ru la_ s pecies. . " . 

Lab. De s ig nation: 0 n 3b. M orp hology: "1 cast -lIke orga nis m s, 1l1ul tl pl Y1l1 g by b~ddl\lg . Ma 
ture ce ll s O.S to 1 m iero ll . No ascosp ores ohse r ve d on gy psum b locks . Agar colollles: R apidly 
de \'elopi ng, ro un d, smooth, co nvex, en t ir c, fine ly g ranula r. S ubsurfa.ce colon! es l ens-~haped o r 
cun eiform. Agar s lant: Growth bcst at top , ftll for m , g ra y; llque fa c tlOIl stra tiform . Cider: No 
s urface gl'ow th , fluid turh id, g r ay, sca nt y se di111 ent viscid on . agitation . . Glu cose. br? th : Mark~d 
ring on s urface, strong ly c loud ed , g r aYis h white, fl occ u le n t sedim e nt, vIscid 0 11 ag ita t IOn . . No aC id 
o r gas on g lucose, lactose, s ucrose, maltosc, g lycc I'ol and m a nnlte . . A eo rbl c .. T oru la species. . 

Lab. Dcs ignatio n : 0 B 4a. M orph ology: Yeast- lik c organism s, mu ltlp lYlll g by bud-dmg. 
l\ fatuI'e cc ll s 3 5 to 4.S m icrO ll s . . '\ 0 ascos pmes uhse r ved 0 11 gy ps um blocks. Agar col? 1l1 es: l\1 0der 
a te, r oulJd , s 111 00 th , co nvex, entire. fincly gra nular. Agar s lant: l\i(oderatc, fih[orm, convex , 
g li stening, s moo th , opaqu e, whit e, s lim y . Ge lat in c .stab : Growth ))cst a t top, fi lIf.o rm, g ray; 110 

l iquefaction. Cidee Surface r ing, s light cloudin g . With fl akes a dh el'ln g to wal! s of tube. A1?undant 
g r ay, g r a nul ar to flaky sedim en t, v iscid on ag itation. Glucose b roth : D eCid ed surface nng, n o 
c loudin g , abu nd ant g rayi sh wh ite sedime n t. No ac tion on g lucose , lactose, suc rose, m a l tose, glyce ro l 
o r 1l1 a n llite. A crobi e. T oru la species . .. . . 

L ab. Deesignat ion : 0 n Sa. M orphology: Y cast- likc organi sm s, mu ltJplYlll g .by b ud dIll g. 
.\I atme cell s 4 4 to 7 mi c ron s . )Jo a scos pore s ohse rv ed on gypsu m hlock s. Agat eolol11 es' l\'I ode t' 
ate, r ound , sm oo th , conv ex. en ti re, coar se ly g ra nu lal'. S ub surface colonie s l ens-s~aped to e unei£on~l. 
j\ gar s la n t : l\i(orlerate, filifo rm , eo nvcx ,. g li ste nin g, sm oo t.h, o pae\u e, wJ?ite, slim y . Odo!, putrI~l. 
C;elatine s tab : Grow th best at top , fihform, g ra y; 11 0 liquefaction . Cider: Surface nng .. N o 
c loudin g, yeasty odor, abund a n t g r a nul <Jr gray scdim e n t. G lu cose broth: Surface ring, 110 cloudlllg, 
a bundant gray, granu lar sedimen t:. N o aet i01l on g lucose, lactose, sucrose, m a l tose, g lycerol o r 
m a nn ite. A erobic. Toru la spccic s . 

Lab. D es ignation : 0 n 5b. l\ forpllology: Yeast - lIk e at ga ni s m s mult ipl yi ng ~y buddi ng 
}\[a t ure ce ll s 2 . S to 4. G micron s. K 0 ascos porc s obsel\ cd on gyps um blocks . Agar colo11\es : l\10dc r
ate, r ound, s moo t h. co nvex, cnt i re, coa r se ly g r ;l nui:tr. A gar s lant: i\'[odc rate, fi lifo.l'm , conv ex, 
g liste nin g, sm oo th , op;lqu e, whit e, coriaccous. Gc latine ~dab: Gro\,:th best at top , filtform, g r;l y; 
no liq uefaction. C ider: S urface rin g. no clo ud ing but flak cs a dh e \'1ng to \ube. i\1 0~erate amount 
of gray gran ular scdi m cnt. G lucose broth: Marked s urface ri ng, n o cloudin g lllit With flakes a d 
h ering to wa ll ; abundant g r;l y ish w hiL e, flak y sed im e n!". No ac id 0 1' gas on g lucose, lac t ose, sucrose, 
ma ltose, g lycero l o r l11annitc. Aerobic. Torul a spec ies. 

L ab. D esignati on : 0 H 5c. 'i\ fol' ph ology: S ph e res occ urrin g in irregulal' clu ste r s 0.7. to 
0 .9 mic ron in dial11etcJ'. No spo res observed. Ag;lr colo1lJes: :Moderat e, rou n d, sm ooth, ral scd, 
co nvex, entire, fine ly g ranu];ll'. S ub surfa ce colon ies lens·shaped. Agar s la nt: l\1:oderate, fi lifo rm , 
I'a iscd, g lis tenin g, s moo th , opa qu e, slim y , white. Odor s lig ht ly pungen t. Ge lat ine stab : G.rowth 
bcst at top, filifor11l, wh ite; liq 1.1 efilction infundibul iform . Glucose hrot h : No s UI'afce growth, strong
gTanular c1ouci in g, abunda n t g ra y visc id sediment. A cid htlt no g a s fro m g lucose, lactose, suc rosc , 
and g lyce r ol. No ac ti on on 'l11altose Ot' m;tnnit e. Ae robic. Spec ies? . 

L ab. Des ig na t i-on: 0 B Ga . -:'Ifo l'phology: Sph ercs OCC UlT ing in ilTegulal' clu s ters 0.7 t o 0.9 mi c ron 
ill dia11leter. No sporcs ohserved. Agar co lon ies: l\fodcrate, ro und , s moo th , con vex, e ntir c . 
fin e ly granubl'. A gar sbnt: Abundant , fi lifo rm , eo n\'ex, g li s tenin g, s m ooth, opaq l! e, ye ]J? w; 
cOI'iaeeous, mu sty odm· . Gclatine s tab: Growt h best at t(ll), fi b fol'lll, yell ow; n o li quefactIOn. 
("idcr : No c h a nge . G lu cose broth: Surface ring, m oderate fl occ ulent cloudin g, m oderate g l-a nul at' 
y e llow, sedi m ent. A cid hu t 110 ga s [1'0111 g lu cose. No action on lactose, suc rose , maltose, g lycerol 
01' mannite . A('1'ohic. Species? 

Lab . D esignation: 0 H 6h. M o rph ology: Ycast · like o rganis ms. Buddi ng not observed. Ma 
ture ce lls l. 8 to 2.2 1I1icron s. Ascospores no t oh;;er ved on gYPS U11l bl ocks. Agal- col()t1les: .Model·a te . 
r()und, s m oo th. co nvex, eutire, fine ly granu lal'. Subsurf ace coloni es Jens -sh aped. Agar sla n t: 
Ahundant , fi liform, r;lisecl , g listenin g, cOlllo ul'ed, op;l qu e, s lim y , cream y whit e . Gelatin e stah : 
Growth best at top, fi liform , gray; no li q uefac ti on. Cide r: Gra y g ran ul a r seeliment but 110 o thel
('v idell ce of growth. G lueo se broth: No surfa ce g row th . No c louding but flake s adheri n g to 
\\"a l1 s o f t ub e. Abunrl a n t fl ak y sedim c n t. ,Ac id hu t n0 g3S fl'om g lu cose, sucrose , m al tose a nd 
Inannitc . No ;let ion on la c tose or g lyce l·ol. Ae1'Ohic . T o rula speci es. 

L ab. De s ig nat i()n : 0 13 oc. :- l o1"j)h o lng'\": Y eas t · like (1I-g-a ni s1t1 s . ;\ () IHulding obse n 'ecl. 1.S 
to 2.2 mi c ron s in d ia nt etel·. l'\o a ~C()S Jl () rl' S obsC'!'\'Cd ' )11 gy ps utn b IDc k , . /\ gar C'olo1l1 es: \[ oci e ratC'. 
1'<lu nd, sm ooth, co n vex, e n tirc, fin e ly g r a n ular. j\ g ar sbn t: Ahunda n t, fi l ifo rm, . raised, g listening. 
s 111 oo th , o paqu e. s li111 Y, white at first. grayish hrowl1 la ter. Fec;]1 odor. Ge la t111 e stab : Grow th 
be st a t tor, fi lifo rm , gray ; 11 0 liqu efac t ion . C ider: No growth observcd. Glu cose broth : No 
s urface growtll, fl occ ul en t tUI·hidity. ahunda n t g ra y fl occ ul ent sediment . A cid . but 110 gas in 
g lu cose, lac tose, a nd suc ro se. S light acidity in maltose and m a nll ite. N o act ion on g lyce ro l. 
Aerobic. T orul a s pec ies . 

• L ab. D csignation: 0 B 7a. l\[orphology: Yeast -li ke Ol'ga ni sms, multiplying by budding, 
mature ce ll s 2 . 5 to 3 mi c ron s in dialn e ter. N0 ascospo l CS ohsel ved on gyps um b locks. Agat· 
co lon ies: i\1:oc1erate, roun d, s m ooth , e n tire, fin c ly g ranular Agar sla n t: Moclcrat~. echinu l ~tc. 
CO Il\'ex, g liste n ing , s 111 00th, opaq ll e, w hite, co r ia cco u s . Gebtinc st;lb : U ni for m , filiform , ~"hlte; 
no l iquefaction. Cicl er: Surface r ing . l1t Dc1 c rate c louding . abu nd ant whlte, gran ul ar sedll11ent. 
G lucose bl'Otll : SlIl'face t' in g, 11 0 c loud in g but flak es :l dh c rill g to wa ll s . Ab undant ~ ream-eo lor~d 
fl aky sed im ent. No ac t ion on g lucose, lactose, Sll c rose , maltose, g lyce l'ol and man111te . Aerobi C. 
T orul a spec ie s. 

L ab. De signation: 0 n 711. l\forph"lo.n:y: Splte t i("ll o lg.Jlli snt s occ u1'1ill~ in ilrcgular c lu ster-. 
A \'C ra ge sizc . 9 111 ic ron ill di a 111etel'. No SPOI cs " I, se t \ cd Ag,l r co I011lc s: M odera t e , ro ul1 d . 
~ 111 oo th , C0 11 VCX, e 11 tire. fi ll e ly g ralllll:il'. S II I) s l1d~lJ.'e (' n lnllies klls-sha perl. .t\ R'a r s la l1 t : A b undant. 
filiform . conv ex . g ii stp ilili g. SIIl,,, >lI1 . np;l< l', e . p; i1 c y r' II' I\\'. ;; lill1\' , 111 USty orior . Ge la till t' s ta],:. Growth 
lH' s t a t tnp , fi lirllr111. \"l' ll nll': nil l i, tlJ('i:Jcti"n. ( 'irlf'r: Nfl s lIr bce g ro wth . s it ght d oud1l1g With 
Aakf's ~dhf'rillg tn 1I"; i1l s . :-;(' ;1 11 t g ra\· . \·i"cirl s (·di n1<'l1t. (; IIl ('J'se hrn tl1 : H air y s urface growth 
with fl occu len t strean1('l' ~ han g in g frn111 s urface . C'-'l1 s iderah le turhirlit ~- . Ahunda nt gr ;i Y. "1 5 (1'"1 
sC'dimen t. A c id hut no g-a s £rum g luco se . N u ;:( c tion (1 n la c tose, sucrose, ma l tose, g lycerol or 
m a nn ite . Aerobic. Species? 

KEE PING 

L ab. D esignation: () Il 7.::. M c 
.Mat u re ce ll s 1, to 2.3 microns ill di : 
colonies: Moderat e. round , S1I1ootiJ, c 
fo rm , co nvex, g li stcn ing , SI Il ()() tiJ. s liJl 
best at top, filif o r111 , wh ite : IlO liquet'; 
abundant whit e, fl aky sedim ent, vise 
c1oudl11 g , g ra y flak y sedi lll cn t. 1\'0 
111 annite . A e rubi c. T orula spec ies. 

Lab. D es ign atio ll: 0 J\ 7e . :'I ( 
I) udding. i\Iature ce lls, rallg ill g frOll1 
a scospores obse rv cd Oil gyps U1l1 hl ock; 
cuarse ly g ranu lar l. 5 1Il111. ill cii aill d 
diameter. Aga t- s la n t: }[oderale Ii I 
white, s lim y. Gela tine stab: Gro;vth 
in 3 days, complete in 30 days. Cide 
sediment. G lucose broth : S urface ri 
ac t ion on g lucose, lactose. sucrose. 111, 

Lab. D esignation: 0 'n Sa. l\Iorp: 
ture ce ll s 3.S to 4.6 microll s in dian 
coionies: Mode rate, l'o L1nd , smooth . c 
shaped. Agar s lan t : Moclera te filifo' 
s~ab: Growth best at top, fi li f~rm at 
nng. No c louding but flake s adhering 
odor. Gl ucose broth: Sudace ring. r 
g ray, flaky sedi m en t. No acid or gas 
A erobic. Toru la spec ies. 

Lab. Des ignation: 0 n Sb. :,[oq: 
ascos pores obse ryed o n g YPSU111 blocks . 
en ti r e, fin e ly g ran ula r, 2.5 mi c rons in eI 
by 0.5 111111. Ag<Jr sla nt: J\'L ocierate. 
\~hit e, c?r ia~eo u s. Odor s ligh tl y feca l 
lIquefac ti on 111 30 day.. Cide r : Surfa, 
Glucose broth : Surface ring, 11 0 clouel 
colored flaky sed im ent. No acti on e 
A el'Obic. TonJi a s pecie~ . 

Lab. Designation: 0 B 9a. Morp 
Mature ce ll s 2 .2 to 3.3 microns .in eli 
colonies: l\10derate, round, smooth, c 
sha pea. Agar s lant : M ode rate fi lifor 
tine stab : Growth best at top ' fi li ion 
b~lt flak es adhering to wall s or't ube; 
n ng. No c louding but with flake s ;; 
sedi l;t e n t. No action on g lucose, lacto 
spec ies . 

Lab. D es ig nation: 0 n 9b . M, 
No .. ascospores observed on gy psum 
e nt ire, fin e ly g ranular. S ubs urface co 
g listening, rugose , whitc , brittle' havin 
whi.te; n o liquefa c ti on in 30 da; s. (' i( 
see!Jment. Glucose bro th: Surface ri l 
;lbundant, flak y, c re a m · colOl·ed seci i111 ell 
and ma nnite. A erobic. T orul a species 

Lab. Designat ion : 0 'B l Oa. M 
N o. as eOS pores obse n 'ed On gypsum I 
entire, fine ly gra nulaL Subsurfa ce c 
I·.a ised , &" li ste.nin g, ru gose, white, cha lk 
hquefaetlO n III 30 day s . C idcr: Surf; 
broth : F locc ule nt su rface rin g . no clo 
flaky ere;ll11 -co lo red sedim ent. No actic 
Aerobic. T oru la species. 

Lab. De signation: 0 B l Ob. Mol' 
ce ll s 3.5 to 4. 2 micron s in diameter. 
Nloderate, I'oun d, sm oo th , conv ex, el 
Agar s lant: M oderate, fi li form, co nve 
Growth best at top, fi li for m , grav; no 
ab unda n t, gray , granu lar sediment. G 
white fl la ky sedi m ent. No action on 
Ael'Ob ic. Torul a species. 

Lab. De s ign a ti on : 0 B lOc . :'\ [orp 
.I.S t o 4. 6 mi c ron s ill di alllet ~ r. '\ 0 
l\10derate . r oun d , s l11 oo th. conv ex, ent 
conv:ex , dU ll., co nt oured, opaque, white, 
no li quefa c t IOn . C ider: S urface rillg, n 
ant, gray, granu lar sedilll ellt. Glu cose 
flake s a dhering to wa ll s of tube ; abun 
lac tose, suc rose, m a ltose . g lycerol or I 

Lab. Designation: 0 B ]l a. l\forp 
Mature cell s 2 .8 to 4. 5 microll s in di; 
colon ies: l\10dera te , r ound , S11100t h. e( 
s! laped. Agar s,la nt : Moder a te, filifor 
tll1e s~ab : Growth best at top . fi liforn 
but With flake s adhering to wa ll s of tul 
m ar~ed s lt:faee ring, no cloud ing but 
graYlsh·whlte sedi ment. Ko ac tion 0 
Aerobic. T orula spec ies. 
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L :dJ_ D es ig n a t io n : 0 8 7c _ i\forp il ulugy: Yeast - li ke organ is m s, mu lt ipl yi ll g" by budd ill g _ 
_ Mat ure ce ll s 2 to 2_3 mi c ron s in dialll eter. N() a~L' I) S jJ ()res ulJserved o n gY jJ s um bl ocks, A gar 
colonie s: lYfoderat e _ round , s lll ou th , C0 11\"('X , C' ll t ir l' . li m·ly gra llula r. j\ gar s lant : M ode rate, !-i li 
fo rm, co nvex, g li ,;t t' nin g . s ln un th _ s linlY . w hit L', Od"r s lig h t ly jlull ge ll t. C; c lat ine s ta h : Cro wtlt 
best at top , fi liio l'1l1, whit e ; 11 0 lique i:lct ion in 30 days. { 'i der: S u rface l'i ll g. M ode ra t e c lo udill g . 
abundant whit e, Ha ky sedim e n t, v isci d {In :Igit at i<l ll . (;Iucose hroth : S urface r ing, m ode ra te 
clouding, g ra y Ha k y sed im en t. Ko ac t ion o n g lu cose, lactose, s ucrose, m a l tose , g lyce ro l o r 
Illannit e. A e robic. T o rui:t s pec ies. 

Lab. D es igna tio ll : 0 H 7e. :'. fo r ph(j logy: E ll iptica l, yeast- like orga n is m s, m u lt ipl yi ng hy 
hudding. Mat u re ct· ll s, r all g in g ft'o m 3 to 4 mi cro ns ill wi d th to 4. 5 to <) mic ron s i n leng th . No 
a scospores obse r ved 0 11 gy psum hl ock:; , J\ gar co lollies: .\[ode ra te, ro un d. smoot h , co nvex, e n t in', 
coar sely g r a nular 1. 5 111111. in d iam c tL'I" ; s ul Js u rf:lcc colo n ies i'ou nd to len s -sha ped 0 . 5 111m . in 
diam e te r. Aga r s lan t; :Modcr ate, Ii li io l'111 , co n vL'X, g listenin g. s 111 ooth, la tet- con to ur ed , opaqll e . 
whi te, s lim y . Gela tin e s t a b : Grow th IJc,t at. top. Ji liiot"ln , white ; liq uefac t ion st r at ifo nl1 . Degi n s 
in 3 days , co mplete in 30 days. Ci der: No su rfacc growth , slig h t c loucli ll g, sca n ty, fl ak y w hi te 
sediment. Clucose broth : S urfa ce rill g. s tr () lI g t u rbid ity, a bunda nt, g ra y v isc id sediment. No 
ac tion on g lucose, la c tose, s uc rose, ma ltose, g lyce rol o r m a nlli te. A e robi c. T orul a species. 

Lab. Designation : 0 B Sa. M orpho logy: Y cast- li ke o rg ani sm s, mul ti pl yi ng by budd ing. Ma 
t.ure cells 3. S to 4. 6 mi c ro ns in d iam e ter. No ascos pores observed on gy psum bloc k s. A ga r 
coionies: M odera te, r ound , s l11ooth, cony ex, e n t ir e, coa r sc ly g ran u la r. Subs urface co lonies Jen s
shaped. A gar s la nt : :Moderate, fili fo rm . COI1\'ex, dull , cD n to ured, ojJaqu c, whi te, s lim y. Gelatin e 
s tab : Growth best at top, ftl iio rlll at firs t , latcr IJcadcd, g ray; no liq uefac t ion. Cide r : S urfa ce 
ring_ No cloudin g bu t fl akes a dh e r ing to wa ll s of t ube. Ab un da n t gray, g r a nul ar sed iment. Y easty 
odor. Glucose hroth : Surface r ing. No clo ud ing h u t Hakes a dh er ing to wa ll s of t ube. Abund a n t, 
g ra y, flak y sed ime n t. No ac id or gas fro m g lucose, lactosc, s ucrose, m a l tose, g lycero l or m an n it e . 
A erobic. Toru la spec ies . 

L ab . D es ignation: 0 B Sb. ~Io rpho l ogy: Y east- like organism s, mu ltiplyi ng by b udd ing . No 
a scospores observ ed o n gy ps um block s . A ga r co lonies; ~\fo cl e t'ate, ro und , sm ooth to rad ia te, convex, 
entire, finely g ranulat-, 2.5 m ic t'on s ill d iame te r . S uh s urface co loni es le tt s-sha ped to c un eifo rm 1 111m . 
by 0. 5 111m . Agat- s lattt: A1 ode rat e . fi li funll. rai se d. g li s te nin g. s m ooth, lat c !' rll gose, opaque, 
white, coriaceou s. Odor s lig htl y fecal. Gelati ll e staiJ: Growth best at to p, fi lifo rm , w h it e; 11 0 

liquefaction in 30 da ys. Cid er : Surface rin g, s trung c loudin g, abundan t g ranular w h it e sedim e nt. 
Glucose broth: Surface rin g, n o c lolldin g bu t flak es a dherin g to wa ll s of t uiJe. Auulldant c ream 
colored Haky sedim en t. No ac ti on 0 11 g lu cose, lactose, suc rose , mal tose, g lycero l or m a nn ite. 
l\ erobic. T orula s pec ies . 

Lab. Desig nation: 0 B 9a. M orphology: Ova l yeast· like organisms, m ul t iplyi ng by budd ing. 
Mature ce ll s 2.2 to 3.3 m ic rons ,in d ia meteL No ascospores observed on gypsum block s. A g a r 
colonies: M ode rat e, r o und, s m ooth, CO tll-ex, entire, coarse ly gra nula r. S ub s u rface cololl ies lens
shaped. A ga r s la n t: M ode rate, fi li form, convex, g liste lli ng . s mooth, opaqu e, w hi te, s lim y. Gela
tine s tab : G row th hes t at top, fi liiorm, g ray; no l iq uefact ion . C ider: S urface ri ng, 11 0 c loudin g 
but fl a kes adh er ill g to wa ll s of t u be; abunda n t, gray, gran u lar sed im en t. G lucose b rot h : S urface 
r ing. N o c loudin g bu t with Hakes adher ing to wa ll s of tu be. A b un da n t Haky, gray ish wh it e 
sedimen t. No ac t ion on g lucose, lactose, s uc rosc, m a ltose, g lycerol or m a nn ite. Aerobic. T orula 
species. 

Lab. D es ig n a ti on : 0 B 9b_ M orphology: Yeast- h ke Ol gan is m s m ultiplying by b uddI ng. 
N o ascospores obse rv ed on gy psum bloc k s. A gar co lo nies: :Mode rate . ro und , s m ooth, co n vex, 
entire, fine ly granu la r. S ub surfa ce co lonies lens-sh a ped . A g a r s lan t: :Moderate, fi li form , l-a ised , 
g listening, rugose , white , brittle; h a vin g a feca l odor. Gelat in e sUth : Gro wth best at to p, fi liform , 
white; 110 l iquefac ti on in 30 da y s. Cide t·: S urface rin g ; st ron g c loudin g; whi te g ranula r , scant y 
sediment. Glucose bro th : Surface r,in g, n o c loudin g b u t with Hakes adheri ng to wa ll s of t ub e; 
abundant, flak y, c rea m -colo red sed imen t. No a c t ion Olt g lucose, l:i ctosc, s ucrose, m al tose , g lycero l 
and mannite . A erobi c. Toru la species . 

L a b. De s ig n a ti on : 0 'B l Oa. M orphology : Yeast- like organisms, mu ltip lyi ng bv budding. 
N o as cospor es obse r ved on gy ps um blocks_ Agar co lonies: nIodera te. r ou nd , s moo th , co nve x, 
entire , fine ly g r a nul a r . S ub su rface colonies arc lens-shaped. }\ ga t- s hn t: l\Iode rate, fi liform , 
raised , g li s t e nin g, ntgose, w hi te, ch a lky. Ge latine stab: Growth best at top, ftl iform , white ; Jl O 

liquefaction in 30 days. C id er: S u rface r in g, st rong clouding; scanty white sedim en t. G lu cose 
b roth: F loccul en t s u rface r in g. n o c loudin g h u t wit h Rakes ad he ri ng to wall s of t ube; a bunda nt , 
Raky cream -co lo red sed im en t. No act ion on g lucose, lactose, sucrose, ma ltose, g lyccrol or man nite. 
Aerobic. T oru la species. 

Lab. De sign at ion : 0 B lOb. M or phology: Ova l organ ism s. mul t ipiy ing by b udd ing. M atu l-e 
cell s 3.5 to 4.2 mic ron s in d ia m eter. No ascospo res observed 0 11 gy psum b locks. Agar colo nies , 
Moderate, r ound, s m oo t h, co nvex , en t ire, coa r se ly gran ul ar. Subsu rface co lonies le n s -sh aped . 
Agar slant : Jl,tlodera te , fi liform , convex. g l iste n ing, s m ooth, opa qu e, w h ite, s lim y. Gela t ine s tab : 
Growth best at top, fi liform , g ray; no liquefaction i ll 30 days. C id er : S urface r in g , no clo udin g ; 
abundant , gray , g r anul ar sedim en t. G lucose broth: Su rface ri ng . 110 c lOll d ing; abunda n t g r ay in g 
white fllaky sedim ent. No actio n on g.lu cose, lactose, sucrose, m a ltose, g lycerol or m a nnit e. 
A erobic . Torula species. 

Lab. D es ig n a ti on: 0 B lOc. M o rphology: O \'a l yeast- like o rganis m s. mu ltip lyi ng by b udd ing . 
:l . 5 t o 4. 6 mi c ron s in d ia m et e r. X o ascospo res nhse n 'ed on gYPS lIIlt hl ucks, Aga r culoni es: 
i\1:oderate. r ound , sm oo th , co nvex, en tire . coa r se ly granular. Agar slant: J'vfoc1era te. ech inul a te , 
convex, dull, contoured , opa qu e, w hit e, s lim y. Ge la t ine s tab: Growth best at top, fi li fo rm , g ra y; 
no li qu e facti on, C id c r : S udace r ing, no c loud ing bu t with flakes adheri ng to wa ll s of t ube; a bund 
ant, gra y , gra nula r sed im ell t. Glucose bl"O th : Very m arked surfa ce ri ng, 110 c loudin g bu t w ith 
Rake s adhering to wa ll s of tube; abund a n t fl aky . g t-;lyi ll g white sed'int en t. No act io n on g lucose , 
lacto se , sucrose, m a lt ose . g lyce rol or m a nn ite. A e robic. Torul a species . 

Lab_ D es ignation : 0 B 11 a. M orphology: Ova l, yeast- li ke o rga ni sm s m u lt iplyi ng by b uddin g. 
Mature cell s 2 ,S to 4, 5 mi c ron s in elia 1t1 eter. No ascos po.res ob se r ved on gy psum block s. A ga r 
colonies : :Moder a te, r Ollnel, s m oo t h . con vex, en tire. coarseJy gl-a nul ar. S lI bs u rface co lon ies lens
shaped . Agar s,lant : M ode r ate, fi lifo rm , co nvex, g l iste n ing . s moot h , opaq ue. whi te, s lim y . Gela 
tine stab : Gro wth best a t top. fi lifo rm. gray; no liq uefaction . Cide r : Su rface ri ng; 11 0 clo udin g 
but wi th flakes a dh er ing to wa ll s of t uhe; ab un da n t, granular, gr;ly sedi m en t. Glu cose broth : V e r y 
marked surfac e rin g, no c loudin g b u t wit h fi;lkes adheri ng to wa ll s of t ube. Ab un da n t fl ak y, 
gray ish -whit e sedi m en t. No ac t ion on g lucosc, lactose, sucrose, ma ltose, g lycero l or ma nni te. 
Aerobic. T orula species. 
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f.al! . Desig llati un: B 5 x 10. l\Torphology: Sphnes occ llrring sillgly, in pairs :Jnc.l in irreg ular 
,·llI s ters. Aver3ge size 0.1:: mic ro" . Gr311l -pusitive. }\ gar cu lonies: f< 3pid ly deve loping. circular, 
~ mooth , convex, entire, alllorpilous. Subsurl:Jce co lonie s lens-shaped . Gelatille colon ies: Rapid l v 
,i e velopillg, circu lar, Hat, entire, amorphous, wit h saucer liquefac ti on _ P o tato : l\fod e rate, fi li forl Jl, 
s mooth, g listening. OlJa LJlI l', cr ailly-white, lat E' r lJecom in g li g ht l>r<!1I"1I ill cu lo r. Litmus milk : 
S light ly red uced. No coagulati on or peptonizatioll in 10 days. Hro th : No s u rface growth, moder 
ate clouding, viscid sedi lll ent . Nitrates not I·educed. J )unham 's solu tion: Amlllonia st rong ly 
pusitive, indol negative. No tliastat ic action. Acid but no g:lS from g lncosc, lactose, s ucrose, 
g lycero l a nd mannite. Aerobic. Species? 

Lab. Designation: B 5 Y 1. l\'Iol-phology: Long l'OtlS occ urring sing ly , in pairs and in chains . 
with ro unded e nd s. Size of the maj(lrity 0.(, to 2 11Ii l"rons. 1'\<) ellclosp()res (JIJserved. i\l ot ile b.'" 
mea ns of 1 to G peritrichous flagel la. Gram-negative. Agar co lonies: Rapidl y developing, circu lar, 
s mooth, convex, enti re . Deep colonies, le ns-shaped. Gelat ine coloni es: Hapidly deve lop ing, irreg
lIlar, undulate, coarse ly g ranular; spreading lir[uefact ion. Agar sla nt: Abundant, fi liform , convex, 
g li stening, smooth, grayish-white, with odor resembling feces. Gelatine stah: Uniform, ftliform, 
with stratiform liquefaction. P o tato: Abundant, spreading wrinkled growth with complete dis 
integrat ion of medium. Litmus mi lk : Alkaline, coagulated , pepton ized, r educed. Bro th : vVrinkled 
s urface pelli cle, no c loud ing, flaky sediment. Nitrates reduced in 10 days. Dunham"s solutio n: 
Ammonia strongly positive, indol negative. Diastatic act ion strongly posit ive. Acid but JIO ga s 
fro m g lucose, s ucrose. No action on lactose, g lycerol and mannite. Aerobic. Near to Achromu
bacter lipolyticum (Huss) Bergey et a l. 

Lab. Designation: B 5 Y 5. Morphology: Long rods occurring singly and in pairs, with 
rounded e nd s. A ve rage s ize 0.8 by 3 4 mic ron s. Enciuspores present, polar, e lliptical, th ick wal ls 
and ad heren t sporangium wal l. Average size 1 by 1.5 microns. Sporangia drumstick shaped. Aver
age size 3 by 1 mic rons. M otile by means of 1 to 6 polar flagella. Gram -posit ive. Agar colonies: 
1'I1.oderate, circular, smooth, convex, coarsely granular; deep colonies, small, irregular, brown. 
(;e latine colonies: Slowly deve lopin g, circular, entire with saucer liquefactiou_ Aga r s lant : Abundant, 
fili form, flat, glistening, smooth, opaque, white, viscid, with odor resemb lin g feces. Gelatine s tab: 
Uniform, filiform, with craterifonn to stratifonll (later) liquefaction. Potato: Scanty, beaded, 
conyex, g li stening,. smooth, white. Litmus milk: Alkaline, pcptonized, reduced, but no coagulation . 
Broth: Surface ring; strong bu t transcient clouding, fecal odor; viscid sedimen t. Nitrate reduced 
to ni trit e in 10 days. Dunh am's solution: Ammon ia positive, indol negat ive. No diastatic action. 
Acid but no gas from glucose. No act ion on lactose, sucrose, g lyce rol or m:lnnite. Aerob ic. 
Spec ies? 

L a b. D esignation: B 5 Z 10. Morphology : Sphel'es occurring singly, in pairs and in irreg ul;tl
c lusters . Average size .G mi c ron. (;l-am-negativc. j\ gar colonies: Rapidly devcloping, circ ula r, 
s mooth, convex, entire, amorphous . Deep colonies lens-shaped. Gelatine colonies: Rapidly de
veloping colonies, circular, convex, entire, amorphous, white, with saucer liquefaction. Aga r slant: 
Abundant, filiform, flat, smooth, creamy-white. Gelatine stab : Growth best at top, filiform , 
creamy-white, with stratiform liquefaction. Potato: Moderate, filiform, convex, glistening, creamy
white. Litmus milk: slightly acid and slightly reduced in 10 days; no coagulation or peptoniza
tion. Broth: No surface growth, moderate clouding, abundant viscid sediment. Nitrate reduced 
to nitrite in 7 days. Dunham's solution: Ammonia strongly positive, indol n ega tive. Dias,tatie 
action p<Jsitive. Acid with no gas from glucose, lactose, sucrose, maltose, glycerol or mannite. 
Aerobic. Species? 

Lab. Designation: B 5 W 10. Morphology: Spheres occurring singly, in pairs, a nd in irregular 
clusters. Average size 0.8 micron. Gram-positive . Agar colonies : Rapidly develop ing, circu lar, 
co nvex, entire, amorphous. Deep colonies lens -shaped. Gelatine colonies: Rapidly deve loping, cir
cu lar, convex, entire, amorphous; with sa ucer liquefaction. Agar slant: Abundant, filiform, flat, 
g li s tenin g, smooth, opaque, grayish white. Gelatine stab : Growth best at top , filiform with 
stratiform liquefaction. Potato: l\Ioderate, filiform, convex, glistening, smooth, opaque, white. 
Li tmus milk: Slightly acid to slight r eduction; no coagulation or peptonization in 10 days. Broth: 
No surface growth, moderate clouding, abundant viscid sediment. Nitratcs strongly reduced to 
nitrite in 7 day s. Dunham.'s solution: Ammonia strongl y positive, indol negative . Diastatic ac
tion: Potato somewhat decomposed. Ac tion on starch agar plates somewhat doubtful. Acid but 
no gas from glucose, lactose, sucrose, g lycerol and mannite. Aerobic. Species? 

Lab. Designation: 13 5 W 11. Morphology: Spheres occurring singly and in pai rs and in 
irregular c1ustcrs. Average size 0.8 micron. Gram-positive . Agar colon ies: R apidly developing, 
irregular, smooth, flat, undu late, amorphous. Decp colon ies lens-shaped. Gelatine colonies : 
Rapidly developing, circular, convex, entire, amorphous, with saucer liq uefac tion. Agar slant: 
Abunda nt, fili fo rm , flat, glistening, smooth, opaqu e, gray. Gelatine stab: Growth best at top , 
fil ifo rm, with crate rifonn to sacca te liquefaction. Potato: M oderate, filiform, l-aised, glistening, 
opaque, smooth to contoured (later) white. Medium decomposed . Litmus mille Slightly acid and 
r educed in 10 days. No coagulation or peptonization. Broth: No surface g rowth , moderate 
clouding, abu ndant, viscid sediment. Nitrates reduced to nitrites in 10 days. Dunham's solution: 
Ammonia strongly positive, indol negative. No diastatic action observed on sta r ch agar pl a tes. 
Acid but no gas from g lucose, lactose, sucrose, ma ltose, glycerol or mannite. Aerobic. Species? 

Lab. Designation: VIa. Morphology: Long rods with truncate ends .8 by 1.7 to 3.4 microns . 
Sporangia present, average size being 0.8 by 2.5 microns. Elliptical thin-walled endospores with 
sporangium waH adherent. Size of the majority 0_8 by 1 7 miCl"Olls . Motile by means of one 
or two peritrichou s flagella. Gram-positive. Agar colonies: Rapidly developing, punctiform to 
circular to irregula r , smooth, flat, entire to erose, amorphous. Deep colonies punctiform to round. 
Cela tine colonies: H.apidly developing, punctiform to round, flat, enti r e, a morphous, cup liquefact ion ; 
deep co lonies punctiform. Agar slan t: Moderate, filiform, slightly r aised, smooth, translucent, 
white, butyrou s. Gelatine stab : Growth best at top, fi li form, with stratiform liquefaction. P otato: 
Abundant, wrinkled, white, du ll , spread ing growth. Medium turns a peculiar translucent browll 
colo r. Litmus milk: Neutral, peptonized, and reduced completely in 10 days, with no coagula tion . 
Broth: No sur face growth, slight clouding, scant, viscid sediment. Ni trates st rongly I-educed t o 
nitrites in 10 days. Dunham's solution: Ammonia produced. Strong diastatic action. Acid but 
no ga s produced from g lucose, lactose, sucrose, and mannite. No action on g lycerol. Aerobic. 
Species? 

Lab. Designati on: VIc 10. l\Iorphology: Spiteles oCCUl li ng sing ly, in pairs and in irregular 
clu sters. Average size 0 .7 micron. Gram-positive. Agar colonies: RapIdly deve loping, c ircular, 
s moot h , convex, entire, amorphous. Deep colonies lens-shaped. Gelatine colonies: S low ly develop-
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ing, circular, flat, entire, amorphous, with saucer liquefaction. Agar slant : Moderate, filiform, 
convex, glistening, smooth, opaque, creamy white. Gelatine stab: Growth best at top, filiform, 
with crateriform liquefaction. Potato: Moderate, filiform, glistening, opaque, creamy-white . Later 
growth contoured and light brown. Medium slightly decomposed. Litmus milk: Slightly acid 
and reduced in 7 days. Ko coagulation or peptonization in 10 days. Broth: No surface growth, 
moderate clouding, abundant viscid sediment. Nitrate reduced to nitrite in 7 days. Dunham's 
so lution ; Ammonia positive, indol negative. No diastatic action . Acid but no gas from glucose, 
lactose, sucrose, glycel'ol or mannite . Aerobic. Micrococcus species. 

Lab. Designation : VIc 11. Morphology: Spheres occurring singly, in pairs and irregular 
clusters. _\verag'e size 0.8 micron. Gram-positive . Agar colonies: R apidly developing, circular, 
smooth, convex, entire, amorphous . Deep colonies lens-shaped. Gelatine colonies: Rapidly de
veloping, circular, fiat, entire, amorphous, creamy-white, with saucer liquefaction. Agar slant: 
Abundant, fi liform, flat, g listening, smooth, opaque, creamy-white. Gelatine stab: Growth best 
at top, filiform, with saccate liquefaction. Potato : . Moderate, fi liform, convex, glistening, opaque, 
cream-colored to light brown later. nledium decomposed. Litmus milk: Slightly acid and re
duced in 10 days. Ko coagulation or peptonization . Broth: No surface growth, moderate cloud
ing, abundant viscid sediment. Nitrates strongly reduced to nitrite in 7 days. Dunham's solution: 
Ammonia strongly positive, indol negative. No diastatic action. Acid but no gas from glucose, 
lactose, sucrose, glycel'ol and mannit e. Aerobic. .Micrococcus species. 

Lab. Designation: VIc 13. Morpholog-y: Spheres occurring singly, in pairs, fours and irregular 
clusters. _\verage size 0.8 micron. Gram-positive. Agar colonies: Rapidly developing, circular, 
smooth, convex, ent ire , amorphous. Deep colonies lens-shaped. Gelatine colonies: Moderate, cir
cular, COl1\'ex, entire, amorphous, saucer liquefaction. Agar slant: Abundant, fi liform, flat, smooth, 
opaque , white, viscid. with feca l odor. Gelatine stab: Uniform, filiform with sacca te liquefact ion. 
Potato : Model'ate, filiform, convex, contoured, opaque, c reamy-white. Medium decomposed . Litmus 
milk: Ko change . Broth : N o surface growth, moderate clouding, viscid sediment. Nitrates strongly 
reduced to nitrite in 7 days. Dunham's solution: Ammonia strongly positive , indol negative. 
Diastatic act ion: Strongly positive in 4 days. Acid but no gas from g lucose, lactose, sucrose, 
glycerol and mannite. Ae robic. Micrococcus species. 

Lab. De signation: VIdf. Morphology: Short rods, occurring singly and in pairs; size of 
majority ,6 to 1.3 microns with central elongated thick-walled spores. Motile. Gram-negative. 
Agar colonies: Rapidly developing, in-egular, smooth, flat. lobate, amorphous. Gelatine colonies: 
Rapid ly developing, irregular, smooth, flat, lobate, amorphous; saucer to spreading liquefaction. 
Agar slant: Abundant, echinulate, flat , dull, smooth, translucent, gray, butyrous, with a decided 
odor resembling lye. Gelatine stab: Growth best at top, filiform, medium fluorescent, stratiform 
liquefa ction. Potato: Moderate, filiform to echinu late, brown. Litmus mi lk: Slightly coagulated 
without change of reaction, peptonized and reduced in 6 days. Broth: lYIembranous surface growth, 
strong clouding, decided odor resembling lye, viscid sediment. Nitrates reduced wi th production 
of gas in 6 days. Ko diastatic action. Acid but no gas from sucrose and glycerol. No action 
on glucose and lactose. A erobic . Bacillus species. 

Lab, Designation: \TId 10. Morphology: l,ong rods occurring singly and in chains with 
rounded ends. Endospores not observed. Motile by means of 1 to 6 peritrichous flagella. Gram
positive. _\gar colonies: Rapidly developing, irregular, smooth, effuse, undulate, filamentous. Deep 
co lonies small and circular. Gela tine colonies: l<apidly developing, circular to irregular flat, un
dulate, filamentous, with saucer liquefaction. Deep colonies small, circular and , finelY' granular. 
Agar slant: Abundant , echinulate, effuse, g listening, smooth, translucent to opaque (later) white. ' 
Gelatine stab: Growth be st at top, filiform, creamy-white, stratiform liquefaction. Potato: Abund· 
a n t, filiiorm, glistening, smooth, later wrinkled, grayish white, translucent; medium decomposed. 
Litmus milk: Neutral, peptonized and reduced, but no coagulation in 10 days. Broth : Strong 
membranous SUI-face pe ll icle . Slight clouding. no sediment. Nitrate reduced to nitrite in 7 days . 
Dunham"s ~oluti on: Amm oni a positive, indol negative. Diastatic action stmngly positive in 7 
crays. Slight acidity but no gas in glucose, sucrose and glycerol. No action on lactose and man
nite. Aerobic. Species? 

Lab. Designation: VId 11. 1l'Iorphology: Spheres occurring singly and in pairs. Average size 
.6 micron . Gram-positive. Agar colonies: Rapidly developing, circular, smooth, convex, entire, 
amorphous. Deep co lonies lens-shaped. Gelatine colonies: Slowly developing, cil'cular, flat , entire, 
filamentous; saucer liquefaction. Agar slant: Abundant, filiform, fiat, glistening. smooth, opaque, 
yellow, viscid with odor resembling feces. Gelatine stab: Gl-owth best at top, fi liform; crateriform 
liquefaction. Potato: :'IIoderate . filiform. smooth. convex, glistening, opaque, yellow; medium 
decomposed. Litmus milk: Slightly a lka line , peptonized, reduced, no coagulation. Broth: 
Flocculent surface growth, moderate clouding, viscid sediment. Nitrate reduced to nitrite in 7 
days. Dunham's solution: Ammonia positive, inelol negative. Diastatic action strongly positive in 
4 days . :\0 act ion on glucose, lactose, s ucrose, glycerol and mannite . Aerobic. Micrococcus species. ' 

Lab. Designation: VIIaa. Morphology: Short rods, occurring singly and in pail'S with ends 
rounded. Size of majority 0.2 by 0.8 microns. Endospores absent. Motile by means of 1 polar 
flagellum. Gram-negative. Agar colonies: Slowly developing, punctiform .to circular, smooth, flat , ' 
transparent, entire, amorphous. Deep colonies punctiform. Gelatine colonies: Rapidly developing, 
punctiform to circular, fiat, entire, amorphoas; with saucer liquefaction. Agar s lant: Moderate , 
fi liform, fla t . g li stening . smooth. translucent, neamy-yellow at first, approaching canary later, 
butyrous. Gelatine stab: Growth best at top, filiform; stratiform liquefaction. Potato: Moderate, 
filiform to spreading, flat, g li sten ing, canal-y-yellow. Medium unchanged. Litmus mille Neutral, 
partly coagulatcd. partly reduced and neady complet ly peptonized in 26 days. Broth: No surface 
growth, persistent turbidity, moderate' viscid sediment. Nitrate broth: Faint production of nitrate 
in 10 days. Abundant production of ammonia in 10 days. No diastatic action. Acid but no gas 
in glucose. sucrose. glycerol and mannite. Ko action on lactose. Aerobic. Achromobacter species. 

Lab. Designation: VlIa 4, Morphology: . Rods occurring singly, with l"Oundeei ends. Limits 
of size a 2 by 1 3 microns. Size of majority 02 by 1.6 microns. Sporangia absent; endospores 
absent. Motile by means of 1 to 4 peritrichous flagella. Gram-negative. Agar colonies: Rapidly 
developing , punctiform to round, smooth, com-ex, entire. amorphous. Deep colonies punctiform to 
lens-shaped. Ge la tine colonies: Rapidly developing, punctiform to round, flat, entire; saucer lique
faction. _-\gal' slant: Abundant , filiform, flat. glistening, smooth, translucent, yellowi·sh-white, 
butyrolls. Gelatine stab: Growth best at top. filiform; liquefaction napiform _ P otato: Abundant, 
filiform, flat. glistening. s11100th, yellow, butyrous. No change in mediu111. Litmus milk: Alkaline, 
peptoni z~ d . reduced. :\ 0 coagula tion. Broth: Surface l-ing; strong persistent clouding, putrid 
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odol', abunda n t yiscid scdi m cn t. Nitrate n ot reduced. DUll'ham' solut ion : Am m onia positiYe. indo! 
nega t ive. No d iastat ic action . No act ion on g l ~l cose, lactose, sucrose, g lycerol and manni re. 
Ae robic. A chroJl1obac ter spec ies . 

Lab. D es ign a tion : VIla 5. Morphology: Short I'ods, OCCl1l r ing si ng ly wi th rounded ends. 
Li m its of s ize 0.4 by 0. 4 to 1 5 mi Cl"ons. Si ze of l11 aJol lt y 0 .4 b y 0 8 mi cl·on . E ndospo res absent. 
:Yl ot il e by m ea ns of o ne polar fl age llum . Gra m -nega tive. A ga r colonies: R apid ly deve loping, 
rou nd to in eg ul ar, smooth , convex, en tire, to un dul ate, fi nely g ra nulaL Dee p colon ies punctiform 
t? round to It; n s ' shape d . Gelatine colonies : R a pid ly deve lopin g, t o r ound , to irreg ular. fla t. en
t ll't;, saucer Ilqu efac t iOl~ . Agar sla n t: :'1ode rate, fi li fo rm , flat, g li sten ing, smooth. trans lucent, 
wlllte, buty rou s . Ge la tin e s t ab: Growth bcst at top , fil ifonll , cra ter iform liquefaction. Potato: 
Scan ty, fi li fo n11 to spreading, fl a t , g listening, s mooth, yellow, bu t yrou s. Litmu s m ilk: _\lkaline, 
pep tonized , s lightl y I'educed, no coagulation . Broth : Surface pe lli cle, strong persis ten t clouding, 
pu trid odor, a bunda n t v isc id sed im en t. N itra tes I'educed t o nit r it e in 7 days, D unham 's solu t ion: 
Ammonia pI'e sent , indol nega tive. Dia stati c ac t ion pos iti ve. N o ac ti on on g lucose, la c tose. SUCl"ose, 
g lyce rol a nd m a nni te. Aerobic. Achromobac tel' spec ies. 

L ab. D esignat ion : VII a 10. M or phology: Shor t rods occurring sing ly and in chains . Limits 
of size 0.3 by 0.8 to 1 .2 micron s. S ize of majonty 03 by 1 mic ron, M ot ile b y m ea ns of peritrich 
ou s fl agell a. Gra m -neg a ti ve. A ga r colonies: :r-1ode ra te, c ircu la l' , s \11 oo th, convex, en tire, finely 
g r anul ar. Deep co loni es . lells-sha ped . Ga lati ne colon ies: S low ly developing, ci r cu lar, entire. flat, 
fine ly gra l?ular! saucer liq uefact ion . D eep colon ies len s,sha ped. A gar sla n t: M ode r ate, filiform , 
convex, g ll s tenlll g, sm ooth , opaque, g ray (later pale ye llow) . Ge la t ine stab: U niform, filiform, 
stl'at iform . liqu e f<;,ct ion . Pota to: :r-10dera te, fi li for m , smoo th, g lis tening, convex, opaque, yellow. 
L Itmu s milk : :0: eut ra l. strong ly pepton ized a nd r ed uced in 10 days bu t not coagulated. B roth: 
No s lll' face g rowth, s light cloudin g, v iscid sedim en t. N it rates not redu ced . Dunham 's solu tion : 
A mm oni a st rong ly positive, indol negative. Dia s tat ic act ion s trong ly pos iti ve. A cid 'wi th no gas 
fl'o m g lucose . No ac ti on on la c tose, suc rose, g lycel"Ol, or m a nnit e. A e rob ic. F lavobacte riu m species. 

L a b. Desig nat ion: VIIb 10. M orphology: Shor t rods occurrin g s in g ly wi th ends ro unded. 
Li m its of s ize 0. 4 by 0.8 to 1.2 micron s. S ize of m ajor ity 0. 4 by 1 m icron. l'd o t ile. Gr a m ,negative. 
A ga r colonie s: R a pid ly deve lopi ng, circ ular , sm oo th , con vex. enti re, a mOl' phou s. Deep colonies 
l ~ n s-sha l? e d. Gela ti ne co lonies : S lowl y deve lop in g, circul a r , fl at, entire, a m orphous, wi th saucer 
h quefa c tlOn . Deep co loni es ro un d with fuzzy edges. Agar s la nt: M odera te , fiJ ifo rm . convex, 
g h stenlJ1 g , smooth , ye ll ow, v isc id , wi th fe ca l odor. Ce latine stab: U nifo rm fi lifor m ; wi th crateri
fo rm lique fa c t ion . P o ta to: 1\1 0dera te, fi liform , s l11 oo th, con vex , g li s teni ng, ~paqu e, ye ll ow. Potato 
deco mposed . L itmu s mille N eutl'al, n o coagul at ion, pepton ized a nd r educed in 10 days. Broth : 
Floccul ent surface g row th, s li ght fl occul ent sedim ent , s lig h t clouding. Nitrates I'educed to llitri t e 
111 7 days. }=?unh a n,'~ so lu t ion : St l'ong ly posit ive for a mm onia, indol n egative. D iastatic action 
s t rong ly IJOs ltlve. A CId bu t no gas from g lucose a nd lactose. No act ion on su crose, glycerol and 
m a nnit e. Aerobic . Flavoba cterium species. 
. L al? De~ign a ti on : V]J ca. ~o: tho logy: S hort to long rods, occur ri ng s in g ly, in pairs and 
Jll cham s Wi th e nd s roun ded . L II11! ts o f s ize .8 by 1.7 to 2.2 mic l"O ns . Size of m ajo r ity 0.8 t o 
2.2 mi crons, .Spora ng la present , I'ods 0.8 h y 2 2 micron s, Central e llipt ica l thin ,w a ll ed endospores 
o 8 . I~y 1.7 ml Cl"On s . Som e spo res fr ee . M o t ile by m ean s of 1 or 2 peritrichou s fl agell a. G.ra m 
pos ItIve. ~gar co lo nies: S low ly developing, pun ctifo rm , sm oo th , fl at, entil'e, a morphou s. Gela
tll1 e colon ies: S low ly deve lopin g , punctiform to c ircular. flat, entire, amo rph ou s, with sa uce l' 
hquefac tion. . Aga l' s lant : Abunda nt , fili form to sprea din g, fl a t , d ull , smoot h , translucent to 
opa que , w hi te, buty rou s to fi rmly a dh e rent to s urface. Gelat ine stab: U niform vi llous' wi th 
s tra tiform lique fac ti on . T'o ta to: M ode ra te, fi lifonl1 to sp readin g, fla t , smoo th, g listen ing' (later 
dry) colorl ess (l a te r ye llow). M edium beco mes pi nk . L i tmu s mi lk : Neutral, part ia ll y coagula t ed, 
com ple tely peptoni ze d an d re du ced , wit h a su rface scum . Ob serva t ion s m ade in 26 clays. Broth: 
F.l o~c ul e l: t pelli c les . m ocl e l'a te, c louding, sca n ty, granular sedim ent. N it ra te s s trong ly ',-educed to 
l1l t ntes 111 10 days , S t l"O ng pl'oduct ion of a mm onia in 10 da ys . Di as tati c act ion feeb le in 26 days, 
Acid bu t no gas hom g lucose, sucrose, a nd m a nnite. No ac tion o n lactose 01' g lyce rol. A erobic. 
B ac illu s spec ies, 

Lab. Des i g n a ~ io l.l : VITc 10. MOI'phology: L ong I'ods occurrin g sing ly a nd in chail15. with 
r.?unded ends. Lmllt s of s ize 0.5 to 0.6 by 2 to 3 m icrons. S ize o f m a jor i t y 0.5 by 2,4 m icrons. 
E ndospo res abse n t. ~10t il e by m ea n s of num erou s per it r ichou s fl agell a . Gra m'posi t ive. A gar 
colonIes: :Modera te, CIrcul ar, s m ooth , con vex, entire , finel y g ranular. D eep coloni es rhi zoid. with 
.filam entou s edges . .C e la tin e . coloni es: Slowl y developin g, c irc ulal', con vex, entire , fi lamentous 
Il1tern a l s truc tur.e, Wit h cup hq uef~ction: . A gar s lan t: A bund a nt , spreadin g, fl a t , g listening , con-
10Ul:ed ( l a t ~r wr ll1kled) opaqu e, w hi te , VISCId . Gela tlll e stab : Growth bes t at top, arborescent, with 
naplfol"l11 h.<]u e fac t lO n. P? tato:. lV1odel'a te, fi liform , g lis tening, smooth, (la ter wrinkled) convex, 
opaque, w hi te (l a te r t u r nll1g pll1k). M edium decomposed . L itmu s milk: Ne u tra l, not coag ulated, 
s~ ro !l g l y pepton ized a nd reduced in 10 days. Broth : Floccul ent surface grow th, slight clouding, 
VISCI d sedllll ent. ::\f ltrates s trong ly reduced to nitr it e. Dunham ' s solu tion: Ammonia strongly 
pos it ive, indol negative. Diasta ti c a c t ion : S trong ly posi ti ve. A cid hut n o gas from g lucose, 
SUCl"ose , g ly cel"Ol a nd m a nni te . No ac ti on o n la c t ose. A el"Obic. A chromohacter spec ies. 

L ab . Designa tion : VUc 11. M orphology : Short a nd long rods, occurr ing si ng ly a nd in pairs, 
wi th end s roun d-ed . Limi ts of size 0.6 by 1 to 2 .7 m ic rons. S ize o f m a jority 0.6 by 2.3 microns. 
E ndospol'es a bse n t. Mot il e by mea ns of 1 to 6 pe r itl'ichou s fl age ll a. Gram ,posi t ive. _-\ gal' coionies: 
R a pidl y deve loping, c ircula r, s m ooth, fl a t , w ith fi la men tou s e dge a nd fi la m en tou s in terna l stl'ucture . 
Dee p colon ies fi la m en to u s in form . Gelat in e colon ies: Slow ly developing . ci r cular, flat, en tire. fila
mentous s tructure; c u p liquefac ti on . Aga l' s la nt : A h un da n t . spreadin g . fla t, g lis tenin g . rugose, 
opaque, g r ay, v iscid. Ge lat ine stab : U n iform , arboresce n t, w ith no liquefact ion . Po tato: )1oder
ate, fi liform , sm oo th . con vex, g listen ing , tra n slucent , pink (l ater brow n color ) w ri nk led aiter three 
days; m edium decomposed. Li tmu s mi lk : Slight ly a lka line, not coagul a ted, s t rong ly peptonized 
a nd reduc ed in 10 da ys . Bro th : F loccul en t surface gro wth , slight cloud ing, fl occ ul en t sediment. 
Kitrates s trong ly redu ced to nitr ite in 7 days. D unh a m 's solutio n : Ammonia s t ro ng ly positive, 
in dol negative. Dia s tat ic ac ti on st rong ly positi ve in 4 clays. A cid but no g as from g lucose , sucrose, 
g lycerol and m a nn ite. No action on lac tose. A erobic. Ebe r th ella species. 

Lab, Design at ion: V I] db. MQrphology: Spheres occurr ing s in g ly, in pa ir s a nd i0l1l"S . L imits 
of size 0.5 to 0.7 microns in dia m e ter. Gra m -posit ive . Agar colon ies: R apidly developing, circular, 
~ l1l ooth , con vex, e nt ire, a m orphou s. D eep coloni es lens, shaped , Gelati ne colonies: Slo\yly de
veloping . c ircu lar, convex , en til'e, a morphou s. --"-ga l' slant: :'Ioderate, fi li form , flat. glistening, 
con toured, opaq ue, whi te, viscid. Ge latine stab: Lniion ll , fi li for m ; 110 liquefaction. Potato: 

~ canty. fi lifor m , com 'ex. smooth . gl 
~o surface g l'ow th , m oder ate cloud ing 
solu t ion: Amm onia st rong ly positiV I 
gas. hom g lucose, s ucrose, g lycero l 
specIes. 

Lab. Designa ti on : VIld ]0. l\I< 
ends l'Ollllded . Limi t s of s ize 0.5 bv 1.7 
absent. :'[ot ile by m ea n s of 6 ' pe rit 
velop ing, cir cul a r , sm ooth, flat, with 
colonies like a t u ft of cotton. Ge la 
\\'i t h fi la m ent ou s edge a nd int ernal s 
spreading . fl at, g li s tening. con toured 
liquefac tion c ra ter iform : P otato: A 
convex, g ray to lig h t brown ( later). 
t ion an d r edu cti on in 10 days. Broth: 
strong ly re du ced to nit r it e a nd a ll1m( 
tive . indol negat ive . Diastatic action 
s ucrose, g lyce rol and m a nnit e. Sligh 

Lab. D es ig nat ion: VIId 11. ~r 
Li m it s o f size 0.5 by 1. 8 to 2 6 micr< 
:'lot il e by m ea n s o f 1 to 6 perit r ichou 
ci rcu la l-, smooth, convex , with fi lal 
colon ies: S lowly deve lop in g . pun cti fc 
faction . Agar slant: A bun dant, s 
consis t ency a nd odor r esemblin g fece 
faction Cl"at eriform. P otato: Abun< 
later hrow n. L itmu s mil k: Slight l 
in 7 days. B ro th : )[embra nous SI 

s t rong ly recluced to nit r ites and an' 
posi ti ve, indol negati ve. Dias ta ti c act 
SUCI'ose, g lycerol a nd m a nnite. No, 

L a b. D esig na tion : \ ' IITh 1. l\Ior 
wi th truncat e en d-so Li mit s of size O. 
Spor ang ia presen t, e ll ipti ca l. E ndo, 
mea ns of 3 t o 6 pe r i trichou s Rage ll a. 
t o inegular, roug h , fl at . loba te. 
Rapidly deve lopin g, punc ti fo rm to r01 
s la nt : A bundant , filiform to sp rea cl in 
hest a t top , fili fo rm , l iquefa c ti on. nap 
but YI'o u s; m edium so ft ened and bra 
coagulat ion . co mplete pepton iza t ion in 
clo udi ng, p u t ri d odol', sca n ty y isc icl , 
in 7 days. Dunh a m 's solution : .-\ 111 1 
t ive in 1 day. A c id b ut no gas fre 
Baci llu s species. 

La b. Des ig na tion : VlIl ca. :\Tor 
rounded ends . Size of m a jorit y 1 b) 
0.6 by 0 .8 mino ll . Non -motil e. C 
smooth, fl at , entir e, a m orphous. Gel 
ing, fl at, dull. contoured , gray. P< 
coagu lated . pe ptoni ze d. re duced in 
cloud ing, fl occu len t sedim en t. yisci(l c 
diasta tic action . A cid bu t no gas fr 
speCIes. 

Lab. D esig na t ion: YlITc 4, :'10rpl 
\\' ith ends roun ded , L imits of size 0 
Spora ng ia pl'esen t, e ll iptica l. Endos' 
by m ea ns of 8 to 12 peritr ichous f 
r ound to in 'egul a r , roug h. fl at, lobate 
R ap id'l y developing, pun ctifor m to rou 
:'1ode!·a t e, fiIi f0n11 to sprea din g , Ra t, 
(;~ l a ttn e s tab : G.rowth best a t top, 
fi li for m t o s preadtng. flat , dulJ ru g( 
de ned a nd so ft ened. Li tmu s m ilk : C 
Co mplete ly pep toniz ed. Not coagul a 
i1bundant flaky sediment. :0:i trates st 
sol u tion : Amm oni a strong ly positiv 
s t rongly posi ti ve in 1 day. Acid he 
, ly cerol or m anni te, An'obic. Baci1 

Bes ides th e for egoing more or Ie 
gi \'es a summ a ry o'f paLrt ia l descripti 
T hese desc ript ion s were th ose l1l~ d e 
becau se for so m e r eason thev died Or 
al'e in clu ded here onl y for their stat: 

B M 1. B:'1 I b : Slend el' 1'0(1. n 
mJCl"OCOCCUs, white, sm a ll , ro un cl , raise 
yellow, r ou nd surf~ ee colonies on litm 
of St r. lactis group , B:'1 Ij : Simi lal 

B )1 2. B:'1 2a: Short thick ro 
li quefier on plates but not in tube of 
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Scanty. fi lifor m , com-ex . sm oo th. g li sten ing, opaque, wh ite. Litmus milk : :Xo change. Bro th: 
~o sudace g l-owth, Ill oderate clo ud ing, fl occul ent sed im ent . ~itl'ate b rot h : ::\f o t reduced. Dunham's 
sol uti on : Amm oni a st ro ng ly positive, indol n egat iv e. Diastatic act ion : Positive. A cid but n o 
gas hom g lucose, s ucrose, g ly cerol a nd mannite . ::--Jo action on lactose. A e r ohic . ~1i crococcus 
species . 

Lab. D esignation : V IId 10. l\Iorphology: L o ng rods, occurrin g si ng ly anel in chains. ,,- it h 
ends rounded . L imits of size 0.5 by 1.7 to 2.8 miuolls . Size of m a jo r ity 0.5 by 2.S l11 iuolls. Enclospores 
absent. Motile by m ea n s o f 6 pe l-it rich ou s fl agella. Gra m -posi ti\-e. A gar colonies: S lo\"l:' de 
veloping, circular, sm oot h , fl at, with fi lamentous edge a nd fi la m entou s interna l st ru cture . Dee p 
colon ies lik e a t uft of cot to n . Gelatine colon ies: S low ly developing, punctiform. to round , flat , 
with fi lamentous edge and int er n a l s tructure a nd cup -sh aped liquefaction . Agar s la nt : A bundant, 
sp reading , flat , g li s t eni ng. contoured t o rugose, g r ay, viscid. Ge latine sta b: U n iform. fi liform , 
liquefact ion craterifo rm : Potato: Abundant , filiform, g listenin g, sm ooth to wrink led, transl ucent , 
con vex, gray to light brown (late r ). Litmus milk : A lka line at surface, no coagulati on, peptoniza
tion and re ducti on in 10 days. Broth: Surface pe ll icl c, s light clouding, flocculent sedi m ent. X itr a tes 
strong ly redu ced to nitl-it e a nd a mm onia in 7 days. Dunham 's solution: Ammonia stron g ly p osi
tive. indol negat ive. Diastatic ac ti on strongly positive in 4 days. A cid b u t n o gas from glucose , 
sucr ose, g lycerol a nd mann ite. S lig h t acid i ty h om lactose. A e r obic. A ch r om obac ter spec ies. 

Lab. D esign ation: VJTd 11. :yro rph ology: Long rods occu rr ing si ng ly with roun ded ends. 
Limits of size 0.5 by 1.8 t o 2 6 microns. S ize of m a jo r ity 0 5 by 2.3 micron s. E nd ospores absent. 
~I o ti l e by mean s of 1 to 6 peritrichous flag ell a . Gram-positive. Agar coloni es : R apidly devel oping , 
circu lar, smooth, con vcx, with fi la mento u s edge a nd fi lamentous internal tructure . Gelatine 
colonies: S lowly deve lopin g. punct iform to c il'c u lar, co nv ex, ent il-e amorphous, with sa ucer lique
faction . Agar slant : Abunda nt , spread ing, flat , g listening, r ugose, opaque, gray , cretaceous 
con sis t e ncy and odo r resemb li ng feces. Gelat ine s tab : 1;niform, fi li form t o a rb orescent. Liq ue-
faction craterifonll. P o tato : Abunda nt , fi lifonll . co nvex, g listening, translucent at first pink . 
later brown. Litmu s milk : S light ly a lk a lin e, no coag ul ation, strongly peptonized an d redll ced 
in 7 day s . Droth: M em b r anou s surface growth. 111 0J e rat e cl ouding, v isc id sedi m en t . ::\itrate s 
stnlllgly J'ed u ced t o nitl'ites a nd ammonia ill 7 days. Du nham's solu ti on : Amm oni a strongly 
p osit ive, indol negative. Dia s tat ic act ion s tron g ly positive in 4 da ys. Acid but no gas from glucose. 
s u crose, g lyce rol a nd m a nnite . No ac t ion on la c to e . Aerobic. Acl1l"0m obac t. e l· species . 

Lab. D e signation : VInh]. Morphology: Sho r t a nd lo ng rods, occurrin g sing ly and in p a irs 
with truncat e ends. Limit.s of si ze 0.5 by 1. 5 t o 4 5 microns. Size of ma jority 0.5 by 2. 4 micron s . 

porangia present, elliptical. Endospores present., e ll iptical in sha pe , ll1 0s t ly free. ~I qt i le by 
means of 3 t o 6 peritrichous Aa ge ll a. G ram -pos itive . Agar colonies: Rap id ly devebping, r ound 
to in egul ar, r oug h , fl at. loba te , coa l' se ly gra nu lar. Dee p colonie s r o u nd . Gelatine colonies : 
Rap idly deve loping, pu nc t iform t o round . flat. ent il'e, wi t h saucer t o spreading liquefaction. Agar 
s la nt : Abundant , fi lifo rm t o sprea ding, flat. du ll , sm ooth, white, buty ro u s. Gelatine s t ab : Gro\\"th 
hest a t top , filifonll. liquefac ti on. napiform. Potato : Abundant, spreading, rai sed , du ll , rugose . orange. 
butyrou s; m edium softe ned a nd browned. L it mu s m ill.;:: A lka line at top, r ed u ced belo'''. n o 
coagu lation. co mplete peptonization in 7 days . D roth : F loccu lent surface g row th , slight persistent 
clouding, putrid odo r, scanty viscid sedim ent. Kitrates s tron g ly redu ced to nitrit es a nd ammonia 
in 7 days. Dunham 's solution: Ammonia pos it ive, indol negative . Dia s t at ic act ion strongly p o si
t ive in 1 day . Acid but 11 0 gas from g lucose , lactose, sucrose, g lyce r ol and mannite. Aerobic. 
Ba ci ll us species. 

L a b. Designation : VlTlca. M orpho logy: L ong rods occurring si ng ly a nd in pairs, with 
rounded e n ds. Size of majorit y 1 b y 2.8 mici·oll s. Thick wa ll ed, centra l spores, s ize of majOl'ity 
0.6 by 0 .8 micron. Non- m o til e. Gra m -po-s itiv e . A ga l- colonies: Rapid ly cl evelop ing, circul ar, 
Sl11 ooth, flat , enti r e, a m orphou s. Ge latine coloni es: No g r ow th. Agar s lant : Moderate, spread 
ing, flat , clull. co ntoured, gray. P o tato : Abunda n t, brown, g lazed. Litmu s millc Xeutral , 
coagula ted. peptonized . r ed uce J in 4 days. Broth: :\f embranous s udace g r o lVth. m oderate 
c louding, fl occu lent sedi m ent. yiscid o n agitation. Ki trates reduced to 11 itr ite in 7 days. P o sitive 
dias tati c ac tion. Acid but n o g a s f!"Olll glucose, lact ose. s ucrose a nd g lyce rol. Aerobic. B acillus 
species . 

Lab. Designation: YUlc 4. M orph ology : Short and long rods, occurring singly and in p ai rs , 
with end s round ed. Limits of s ize 0 .8 b y 24 to 8 microns. Size o f m a jo rity , 0 .8 by 3 micr ons. 
Sporangia present, ell iptical. Endospores presen t, cent ra l e llipti cal. Some free spores. )Io tile 
by mean s of 8 t o 12 peritrichous fla ge ll a . Gra Ill-positive. Agar colonies: R apid ly develo ping . 
r ound to in-egu la l-, I-ough. flat , loba t e, coarsely gran u lar. Deep colonies round . Gelatine colon ies : 
R ap idly deve loping, punctiform to round, fl at, en ti re; sa u cer to spreading liquefaction . Agar slant : 
~Iod e rate, fil ifo r m t o sp l-eacl in g . flat , d ul l. smooth. trans lucent , becom ing opaque , white, bu tyrous. 
Gelat ine s tab: G ,-owth best :I t t op, fi lifor1l1 . wh i te ; liquefact ion saccate. P otato: Abun cla nt , 
fi lifonll to spread in g . fl a t , dull rugose, o range (later sa lmon pink), m embl'an ou s , medium r eel 
dene cl and so ft en ed. Li t mu s milk : Complete ly r ed u ced, neutral I·eacti on. with a lk a line ring o n t op . 
Co mp let e ly peptoniz ed . Not coag ulated. Bro th : S u rf ace pell icle slight c loud ing, put r id odo r , 
:lbunclant flaky sedi m ent. Ki trates s trongly r ed uced to nitrites a nd ammonia in 7 days. Dunham's 
solution: Ammon ia st r ong ly positive, indol negative. Diastatic action : Starch decompos ition 
strongly positive in ] day. .-\ cid hut no gas f"0111 g lu cose a n d s ucrose. ~o action o n laCtose, 
g ly cerol or manllit e. A e robic. B aci ll\l s spec ies . . 

Bes ide s th e foregoing 11l 01-e or le s~ cOlllplete descriptions of ol-ga n is l1l S isola t ed, t h e following 
g iYe s a sUlllmar y o f par ti a l desc r ipt ions o f o rganisms a lso isolated a nd mentioned in Table Xl. 
T ll ese descriptions w e l'e t h ose made at th e time of isolation. A comp let.e s tudy was n ot m a de 
beca u se rOl- some reason th ev died 0 1- were lost before )Jure culture s tudi es co ul d be made. T h ey 
a l'e in clucled here only for their statistica l va lue . 

B M 1. B ~l Ib : Slender r od, n on -li q u efy ing ac id colon y on litmus gelatine. B 1\1 lc : Small 
11l1nOCOCc u s, \"hite, sma ll , r oun d , r aised surfa ce colon ies on litm u s gelati ne . B:I\1 ld : Short r ods, 
yellow, r ouncl surface co lon ies on litmu s gelatine plate. B ~I Ih: Aro m a proclucing streptococcus 
of Si r. lactis group . D ~I lj : Si milar to B 2\1 Ih. 

B ~I 2. B ~I 2a: Short thick rods . subsudace acid colony o n l itmus m ilk agar plates : ca se in 
l iqu e fiel- on p lates but n o t in tube of litmus mi lk . Ca u sed acid coagula ti on o f milk in litm u s m ilk 
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tubes . Died before study could be made. B M 2b: A typical Str. lactl:s. . Died before study. 
B l\I 2c: Thick rods of variable length. Probably surface colony of same organism as B M Za. 
B M 2d: A typica l Str. lactis. 

B M 3. ,B M 3e and B M 3f, both typical St·r. lactis. 
B M 4. B M 4b, B M 4f, B M 4h, B M4i, B M 4j and B :M 41 typical Str. lactis. 
B M 5. B 1\1 Sa: Morphology not noted. Round, porce la in white colonies. B M Sc : Morphology 

not noted. Small, pitted, liquefying colonies on gelatine. 
B M 6. B 1\>1 6a: Morpho logy not noted . Liquefier on mi lk agar p lates. Round, surface , 

milk-\\"h ite colony. 
B :\1 7. B 1\1 7a: Short thick rod, in pairs . Did not curdle or reduce litmus milk. Acid 

producer. Surface colony, round, small, white on litmus milk agar plates. Died soon after isolation. 
B l\I 7b: Similar to B M 7a, except subsurface lens -shaped colony. Died soon after isolation. 
B l\I 7c: Very minute micrococcus. Small wh ite co lony in bottom of l iquefied pit on gelatine 
p lates. Died soon after isolation . B M 7d: Small rod:, no spores observed. Small yellowish white 
pitted lique fier on gelatine p lates . Died before cultural stu dy was made. B M 7e : A micrococcus . 
Small, round , raised, yellow surface colony on gelatine plates. 

B :\1 S. B M Sb: Similar to B M Sa, except smaller colony. Died before cultural study was 
made. B :M Sd: Yeast , simi lar to B M Sc, except larger colony. Died befol-e cultural study was 
made. 

B ?II 9. B i\1 9: Oidium. Died befol-e cultural study was made. Also picked several typical 
Str. lactis colonies which died soon a fter isolation. 

B M 11. B M lla: Rods of variable size. No spores seen. Medium · sized, round, white. 
surface colony. Died before cultura l study was made. 

B :\1 12. B 1\1 12a: Oospora . Culture los t . B M 12b : Oos pora_ A pec uliar oospora colon y dif· 
fering from B M 12a. More compact colon y , raised , umbonate, white on top, ye llow near surface of 
medium. Culture los t. B M 12c: Fusarium. Culture lost. 

B 1\1 13. B M 13a: Oidium . 'Culture lost. B M Db: Large micrococcus. Large, white sur
face colony . Died soon after isolation. 

B M 14. B 1\1 14c: Micrococci, s ingl y or in pail-so White surface colony. B M 14e: A very 
minu te organi sm; difficult .to determine whether it was a short rod or a coccus . Nearly white, 
soft , surface colony. B M 14f : A very minute coccus, in pai r s. Probably the same as B M 14e, 
same colony appearance. 

B 1\1 15. B 1\1 l Se: Lal-ge micrococcus, in pairs and irregular clusters. Bright lemon-yellow 
colon y. Probably identica l with B 1\1 15a . B M 15f: Short rods. about size of Esch. coli. White 
colony, g rows poorly on agar. Produced acid: in litmus milk but not enough to cause curdling. B 
l\I lSg: Very minute micrococcus . Light lemon-colored colony. No change produced in litmus 
milk. 

B 1\1 16. None. 
B :\1 17. 'B M 17b : Cocci in pairs like Str. lact·is: Lens -shaped medium-sized subsurface colony. 

Casein liquefier o n litmu s milk agar p lates. 
B :\1 IS . B M lS-3: Small gram-negative rod occurring singly and in pairs. Large , round. 

grayish, smooth, convex, g listening, 'Surface co lon y . B M l S-2: Very short gram-.positive rods, 
occurring singly and in pairs. Large, r ound, surface colony. Light reddish -brown in color, convex, 
s mooth. g listening. 

o B 3. 0 B 3c: Small ye ast or large coccus. No budding observed. V ariable in size. Small 
ye llowish lens-shaped colony. 0 B 3d : Micl'Ococcus. Large, round, lemon-yellow, surface colony. 
o B Sd: Micrococc us. R ound , le mon-ye llow, su rface colony. 0 B 7d: :Micrococcus, with a 
tendency to form in pairs and tetl-ads. White, lens-shaped , deep colony. 0 B llb : Same as 0 B 
Sb, i. e., poorl y s tain ing. budding , yeast-like ce ll s. Lens-shaped:, white, subsurface colonies. 

B 5 x Sy·5w -5z. B V x 2: Small white colony. B V x 3: Pink colony; gl istening surface. B V 
x4 ; Gram-positive cocc us . White, small, lens-shaped, sub surface colony B V g4: Very small 
gram-negative rod. Small white lens-·shaped subsu rface colony . B V z4: S mall gram-negative 
rod . Small , white, lens -shaped s ubsurface colon y. B Vzj; Gram-negative rod with oval spores. 
Large, lobate, whitish,. surface colony. B V w4: Small gram-positive rod. Small, white, lens· 
shaped surface colony. 

B V I a- b-c -d. B V I as: Gram-positive micrococcus (o r short rod). Small white lens.shaped 
subsurface colon y. B V I a9: V ery small gram-negative r od. Large, t ranslucent, glistening, 
wh iti sh, circular s urface colon y . B V I a lO : L arge gram-poSItive r ods With cy lindrical centrally 
placed spo re s. Grayish. sp reading, rhizoid colonies. B V I alOx: Gra m-positive coccus, occurring 
si ngl y, in pairs or in chains. Small elliptica l, light b rown subsurface colony. Edge entire. B V I 
a12: \ -ery sm a ll g ram -positi ve r ods ( vel')' short , a lmost cocci) occurring singly or in chains. 
Grayish, tran spa ren t, concentrica ll y ringed, round, filmy, surface colony. B V I b : Gram -negative 
short rod. \ "'h ite irregularly spreading surface colon ies. B V I ba : Shor,t thick r od, gram· 
negatiye. Flat ovoid co lony. B V I bS: Gra m-positive coccus . Small, white, lens-shaped sub
s uriace colony. B V I b9: Small, gram·negative I-ods; large , loba te, transparent, glistening, sur 
face co lon ies. B V I blO: Gram-positive coccus, occurring singly, in pairs or in chains. Small. 
ligh t bl-o wn, elliptica l, s ubs urface colon y . . B V I cS: Sma ll g ra m -nega tive l-od. Small, white , 
lens-shaped s ubsurface colon y. 13 V I c9: Sma ll gl-am-negative rod. Large loba te, translucent, 
g li stening, surface colony. B V I c10: Small gram-negative rod (or coccus). Small, white, lens
shaped subsurface co lony . B V I clOx : Gram-positive coccu s, occurring singly, in pa irs, in fours 
and ill clusters. Small, ellip tical, dull cream ·colored elliptical subsurface colonies. BVI ell: Gram· 
negative, coccu s, occurr ing singly or in irregular g roups. Rou nd , medium-sized surface colony, 
g li stening, light brown color, s lim y texture. BVI dS: Very minute gram-positive rod. No spores 
observed. Sm a ll , white, lens-shaped subsurface colony. B 7 b4 : Very small gram ·positive rods. 
?\' 0 SI}Qres seen. Medium -s ized, white, lens- sha ped colonies. B 7 bS: Large cylindrical gram· 
positiye yeast. Lal-ge, round, white, dull, surface colonies. B 7 b6: Gram-negative rod of variable 
morp hology. Large, round, ye llowish-white . glistening surface colonies of butyrous consistency. 
B 7 b7: ' -ery minute , gram -positive I-ad. No spo res seen. R ound, small, white , surface colonies. 
B 7 ca: Lal-ge, gram-positive rods. \V hite, wri nk led, stll- face co lonies. B 7 cb: Data lost. B 7 
c4: Large, gram-posit ive rod with central o\'a l soares. SpOI-angia spind le shaped. Large, inegular, 
spreading, dirty white surface colony. Culture lost. B 7 da : Very small, short, slender, gram· 
negati~- e rods. \\' hite, wrinkled, surface colonies. B 7 d4: Large, gram-positive rods, forming 
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srindle-shaped sporangia, ,,-ith central ova l spo res. Irregular, lal-ge, spreading, dirtY-\\'hite sur
face colonies. CultUl-e lost. B 7 dIO: Gram-positive rods, occurring singly or in shon chains_ 
Large, cream-colored, opaque, irregu la r, wrinkled, sudace colonies_ B 7 dll: Gram-positiye rods, 
with rounded ends, occuning sing ly 01- in pail-s and chains _ Concentrically ringed, grayish, trans
lucent, subsurface colonies. 

B 8a·b-c-cl, B8 a1: SIr. lact ·is . B8 a2: Long gram-positive !'Ods (a few gram-negative)_ No 
spores seen. Nearly round, transpal-ent surface colonies. B8 a3: Gram -positive rods, some long, 
slender, not containing spores, some shol-ter and plumper, containing ova l to cy lindrical spOl-es, 
of same diameter as s porangia. Possibly a mixed cu ltu re . Large spreading colony. BS a4: 
Large, gl-am-negative rods, with a tendency to produce lon g threads or fi laments . Large, l-ot1l1d, 
"fuzzy" subsurface' colonies. B8 a5: Sma ll , gram-negative !'Ods; lal-ge, round ye ll ow surface colony. 
B8 alO: Gram-variable coccus, occurring singly and in pairs. Small, e ll iptical, smooth-edged, 
light b!'Own subsudace colonies. B8 all: Gram -positive rods, occurring singly, in pairs and in 
short chains. Large, irregu lar, translu cent, concentrically ringed, grayish, g listening, contoured 
colony of slimy consistency. B8 b2: Str. lactis. BS b3: Very minute ova l, gram-negative rods. 
Large, canary-yell ow, irregular surface colony. Alkali producer, brom -thy mol blue lactose agar 
s lants and in litmus milk, with partial r eduction of litmus and ye llow precipitate in bottom of 
tubes. B8 b4 : B8 bIO: Gram-variab le coccus, simi lar to B8 alO in microscopic and colony aP r 
pearance. BS bll: Gram-positive I·od. BS c l : G ram-positive rods, fairly long, s light ly curved, 
some gram-negative individua ls. No spol-es ohserved. SmaJI, lens-sbaped, yell owish-white , sub
SUI-face colonies. B8 c IO: Mostly gram-positive, large, spore forming rods , OCC UlTing singly or in 
chains . SpOl-es round , terminal or sub-terminal. Spores larger in diamete l- than sporangia_ Surface 
colony, large, with irregular margins, opaque, li ght bl-own area ill center . Subsurface colon y, small, 
ellip tical or irregu la l-, opaque, light brown with edges en tire. 

B8 d I: Str. lactis. BS d2: St?'.lactis. B8 d3: Gram-positive, budding yeas t-like cells. Colonies 
pink, large, round, glistening. Produces a lkali in litmus milk, but 110 liquefaction. Produces a lk ali in 
lactose agar slants. B8 d4: Gram-·positive micrococcus . Small, white, lens-shaped, subsurface 
colonies . B8 dlO : Same microscopic negative colony. Appearance as BS cIO. 

The foregoing data are not susceptible of much detailed discussion, but 
a short summary of the types of organisms found may be helpful. Altogether 
210 cultures were isolated from the 45 butters under study. Of these 123 
were studied in considerable detail. The remaining 87 were lost for one 
reason or other before a complete study could be made of them. As already 
stated, most of these butters also contained Sf1'. lactis, which usually was 
not picked, because Str. lact1's was regarded as a normal constituent of good 
butter as well as of off-flavored butter. 

The 210 cultures were distributed as follows: 91 rods, 50 torulae 49 
cocci, exclusive of streptococcus of which 19 were picked. The only molds 
picked were Oospora, of which there were 11 cultures. 

Of the rods, 21 were aerobic spore formers, 16 of which were subjected to 
detailed study. Of the remaining 70 rods, only 30 survived the vicissitudes of 
cultivation in the laboratory. Of these, 13 were gram-positives and 17 were 
gram-negatives. At the time of isolation many of the cultures were stained 
by Gram's method. Of the 70 nonspore formers, 60 were stained by Gram's 
method. These 60 cultures were exactly evenly divided into gram-positive 
and gram-negative groups of 30 each. 

Of the 30 nonspore forming rods studied in detail, 24 were able to liquefy 
gelatine, while 6 lacked this characteristic. 

Of the 49 cocci, exclusive of streptococci, there were 21 gram positives 
and 10 gram negatives, while 10 were not determined and there were 21 
liquefying and 7 non-liquefying, while the remainder were undetermined. 
Of the 23 cultures which were fully studied, there were 14 gram positives, 
11 liquefying and 3 non-liquefying and 9 gram negative, 8 liquefying and 
1 non-liquefying. ' 

There remains to be mentioned the 50 cultures or torulae, of which 17 were 
gelatine liquefiers, 28 non-liquefiers and 5 not determined. 

The 11 cultures of Oospora (or Oidium) while small in number, repre
sent a very conspicuous flora in off-flavored butters, especially of market 
butters. They always appear in the lower dilutions of the platings but one 
should remember that they are enormous in size compared to the bacterial 
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cell s and co nsequently are potent ially able to play an important role in pro
ducing off-flavors fa r in excess o f what th eir me re numbers on the plates 
might indicate. 

Taking this cultural stud~' as a whole. it must he admitted that at first 
glance there is little evidence that bacter ia p lay much of a part in butter 
spoilage after the butter is manufactured, since the same organisms have 
not appea red uniformly on every plating as the butters aged. Closer ex
amination of the data, however , seems to indicate that certain organisms may 
he the predom inant flora at one plating while a totally different flora is pre
dominant at a late r examination. This fact in itself sugges ts that there 
is a decided ri se and fall in the different types of organi sms which occu r in 
off-t1a\'ored butters and i rather stron o' evidence for t he bacterial spoilage 
Cl i bu tter. 


