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INTRODUCTION

Regulatory agencles and the dalry industryy have sought
for applicable chemical testg which accurately guantita-
tively measure the quallity of dairy @f@&ﬁ&t&. In recent years
two methods have been developed by Federal Food and Drug
Administration personnel, One of the methods 1s the water-
insoluble acid (¥.I.A.) determination developed by Hilllg
{58), This test indlcates degree of fat hydrolysis by
quantitatively measuring the amount of long-chaln fatty aclds
present, The W.I.A. &at@rmin&tian has been recognized as an
officlal method in the geventh edition of "Officlal Methods of
Analysls" of the Assoclatlon of Officlal Agricultural Chemists
(). Btandards have been established and regaiatary agencles
are using the method as a basis for seizure and condemnation,
The other method was developed by Duggan (32) for the purpose
of measuring protein hydrolysis by determining the free
tryptophan content of milk, cream and butter. The tryptophan
determination has not attained the status of an officlal method,
but 1t has been used experimentally by the Federal Food and
nyug/ﬁﬁminlatrﬁtian*‘ ‘

Interest in the W,I.A, and free tryptophan determinations
and the need for Information concerning the gpecific lipolytie,
proteolytiec and other deterioration values resulting from the

growth of common contaminating organisms In cream, was
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responsible for launching this study. A representative
group, im}.aéﬂmg a causative organlism for each of the
different types of fermentations most commonly occuring
in dairy products, was selected, With sterlle cream as a
medium, each organlsm wag grown alone and in combinatlon

with Streptococcus lactls at representative incubation

temperaturss,



STATEWENT OF PROBLEM

The following specific information was sought in these
studles: ‘

1. 7o determine the exact measurements of lipolysis,
proteolysis, titratable acidity, organism populations, pH
and secore resulting from the growth of selected organisms
in eream, individually end in combination with 8. lactis,

2., To determine the influence of the 1ntarﬁa1&t&énship
of the individual organiems with 8, lactisg upon the fermen-

tations ocourring in cream.
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REVIEY OF LITEBATURE

The Role of Organlsms and Lipases in Producing
Ranecidity in Oream and Butter

Influence of lipages

The relatlionship of acid number variations in the fat to
the quality and flavor defects of commercial butter was in-
vestigated by Fouts {29}, In most samples of unsalted butter,
the acid number of the fat increased during holding for 6 days
at 21 €., and approximately 25 per cent of the samples became
rancid, In the case of saltad butter held under the same con-
ditions, very few samples became rancld. Ho close correlation
existed between the acid number of the fat and the quallty of
the butter. Some good bubter samples had a relatively high
acid number and some rancid butter samples had a relatively
low acid number, In investigating some factors responsible
for variations in the acid numbers of the fat in cream and
commercial butter, Pouts (10) observed that the lipage of
organisms was of greater significance than natural lipase in
aausiﬁg hydreolysis of raw cream, In raw cream in which both
natural lipase and microorganisms were active, the lipolysis
was greater at 5o €. than at 13 or 21 C. In c¢ream contaln-
ing Tormaldehyde, in which only natural llpase was active,
hydrolysls increased as the holding temperature of the c¢ream

inereased, within the range studied.



To determine if high acldities had any effect on fat
hydrolysis in cream, Fouts (U40) inoculated scparate portions

of sterilized cream with butter culture and Lectobacillus

bulgaricus producing acldities of 0.%9 per cent and 2,02

ner aent,‘ Bufficient l&@ti@ acld was added to & glumilar
@ﬁ&timn of cream to inerease the acldlty to 2,61 per cent,
These semples were held 6 days at 21e G-} a% the conclusion
of Wh£aﬁ time there was no change in the acld number of the
fat, | _
Fouts (40) studled Oldium lactis (Geotrichum candidum),

iycotormia (Candida) lipolytica, &é@rqmﬁ%aeter‘ligo;yticum,

Pseudomonag fregl, Pseudomonas fluorescens and Alcallgenes

1ipols

ticus snd reported them all to be more actively

lipolytic in cream then in butter. When the acidity of sour
oream was reduced by neutralizatlon, the acld number of the
fat also was reduced, but not proportionately; hence it can=-
not always be aﬁgmme& that butter with a low acld number was
made from good @ality creem, ' |

Fouts (42) investigated the relation of vai&tiie acidity
of butterfst to rancidity. In samples of commerclal unsalted
butter showing widely varying &@gr@éﬁ of rancldity the per-
centage of the total volatile acld which was found in the fat
varied only slightly. There was no clagé correlation between
the percentage of the total aclds In the fat that was

volatile and the degree of rancldity, ZFach of several
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organiesms studled exhibited & consistent tendency to produce
volatile and non-volatile acldg in the same ratio. This
condltion held true regardless of age of the culture used
for inoculation, incubation temperature or degree of fat
hydrolysis, Such eansiat@may may indicate that certalin
.organismg elaborate a lipase g@ﬁs@@siﬂg.& gpecificity or a
preference for hydrolyzing certaln triglycerides or portions
thereof,

fpecific cuantities of volatile, solld and 1llould groups
of fatty aclds, produced as a result of hydrolysis of butter-
fat by baét@ria and molds, were determined by Bicherds and
21 ﬁa&ék.(102§; In every case, under ldentical conditions,
they found the molds produced a grealter total qgaatiﬁy of
free fatty scids than did the bacteria, Bacteris produced
leas volatile acld and more solld &cid than molds. This work
falls to agree with the results obtained by Fouts (41), who
Tound that seversl lipolytlc bacteria produced a greater
proportion of volatile acldity than did §. candidum,

Nachif snd Nelson (86) studied the characteristics of
the lipase of Pg. frapi and obgerved that the lipase was
destroyed by nild precipitants such ss ethanol and ether and
wag sensitive to oH changes. They were sble to preclpltate
the lipase by salting out with,(%ﬁg)g%@g below 7° €. &@é then
recovered most of the activity. The a§simum;yﬁtfar'thak

lipage of Pg, fragl was found to be from 7,0 to 7.2 vhen
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cocoanut oil was used as & substrate, whereas the optimum
for the llpase of most organisms is 7.8. Appreciable
actlvity remained after heating the enzyme preparation %o
61.6 or 71.6° ¢, for 30 minutes and complete inactivation
of the enzyme required heating for 30 minutes at 99¢ €, The
lipase preparations were more stable when allowed to stand

at % to 5° G, than at 15 or 360 C.

The factors aflfecting the lipage production of Ps. fragl
were investlgated by Nashif and Nelson (87), Maxlmum pro-
duction of extra-cellular lipase 1ln 3 days occurred at 15@

C. or below, the optimum temperature depending on the
orgenism strain, Little or no detectable lipase was produced
at 30¢ O, or above, With longer inoubation times the lower
temperatureg were increasingly more favorable for lipase pro-
duction, Sodlum chloride inhibited lipase production, Greater
lipase production was assoclated with iAncreased Ps. fragl
populationg but wae not closely proporticonal, These lnvesgti-
getors found lipase production in defined media containing
cltrate was increased materially by supplementation with
L-leucine or & comblnatlon of &*1%&@1&@, §§~iaﬁleueina and
§§~V&line. Lipase productlon in some protein digests and
hydrolyzates, particularly peptone, was much higher than in
the chemically defined medla tested. Also addition of small
amounts of triecaprylin, capryllic aclid or caprolc acld to

vitamin-free casamino aclds or peptone media caused a
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pronounced increase in lipase production of Pg. fragl.

In studying the action of the llpase of Ps. fragl in
cream and butter, Nashif and Nelson (88) found the enzyme
to be active in cream between the pH of 4.9 and 8.2 with an
optimum between 5.7 and 6.6, using incubation at 36° ¢, for
2k hours. Growth and lipase production of Ps. fragl in
eream at 15¢ C, for 3 days was slow; however, enough lipase
was produced to cause extensive fat breakdown in the cream
and resulting butter, Over 50 per cent of the lipase activity
wag apparent after pasteurlzing the cream at 71,5 €, for 30
minutes, These inv&atig&tara found that buttar containing
resldual lipase underwent conslderable fat degradatlon
during storage, even at -10° €., and pronounced rancldlty
occurred at ~5° ¢, and higher, There was no meagurable
lipage activity below pH 4,9,

Naghif and Nelson (89) studied the extra-cellular lipases
of 12 cultures of Gram-negative, non-sporeforming, rod-shaped
bacteria., All of the cultures ezamined produced lipases
which were mogt active at pH 7.0 or sllightly above. The
optimum temperature for lipase production by the specles of
the genus Pgeudomwonas wag at 21 C, or below, whereas the

optimus for one culture of Ach, lipelyticum was 32¢ €, A

culture of Ps. fluorescens and another oculture which was not

completely identifliable but resembled Ps, fluorescens pro-

duced considerable lipase in cream in 3 daye at 21 ¢, These

lipases remained at a high level of activity subsecuent to
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pasteurization at 71.6e C. for 30 minutes, indicating
potential deterloration durlng holding of oream or the
butter made th@?ﬁf&mm. Lower levels of post-pasteuri-
zation lipase activity were found wlth several other
aaltaréﬂ. Honhomogeneltly of the lipases produced by

members of the genus Pseudomonag was demonstrated.

Nelson (90) investigated some cheracteristics of the

lipase of G. gandidw &n&,fouﬁﬁ it to be inactive at pH 4.0

and completely aagtroyﬁﬁ at pH 3.0, even though the medium
wag lmmedlately neutralized after belng acidlified, This is
awnsiﬂtanﬁ with the knawleﬁ§a¢§h&% lipolysis of ray oream
is retarded vhen & rapld natural lactic acld fermentation
ogcours, This investigator pointed out that & study of the
substrate gspecificity showed that the extracellular lipolytioc
system of G. candidum contained a true lipase which was
specific for triglycerides and exhibited maximum activity on
naturally occourring triglyaari&@a, thlg beilng the resson for
the high ¥W.I.A, values encountered in cream inoculated with
¢. gandidum. This worker found the lipase in filtrates from
cultures af[%.kc&naiﬁum to be active over & pH range of 5.0
to .0 and & tamp@raﬁura range of 20 to 37e €, with an
optimum at 30° C,

Nelson (91) also investigated the nutritional Tactors
influencing géo%@h and 1lipase production byiﬁ‘vaandiﬁum,
The conditions which gave rise ﬁc‘r&yiﬁ aﬁﬁ extensive growth

were assoclated with low lipase ??ﬂﬁﬁﬁﬁi@ﬁ, but were not
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directly related. Rapld growth was produced by varlous
carbohydrates, fats, organic aclde, fatty aclds and
nitrogenocus compoundg, Water«~inscluble vitamins had no
effect, %&x&m&m'grawth and lipase production in buffered
carbohydrate-free medla occurred at pH 5.35 to 5,85,
Maximum lipase production in glycerol medlum occurred at
pH 6.70 to 6.85, This investigator also sugpested that
acid produced during carbohydrate utilization may have an
influence on lipsse inactivation as thé pH declines,
Peterson &n&‘aahnson (9l) studied the delayed hydrolysis
of batt@rfat,by certain lactobacilli and mlerococci isolated

from cheese, They found that 12 of 5% Lactobacillus cultures

and four of eight Micrococecus cultures lsolated from normal

raw milk chedder cheese, possessed intracellular lipages,
active between pH 5.0 and 6.0, capable of congiderable
butterfat hydrolysis,

Roahen and Sommer (103) used sugar-saturated cream to
inhibit organlsms and situdied lipelytic activlty in milk and
cream due to naturel lipases, Gravity-separabted cream showed
much greater llpolytic activity than did centrifugelly~
separcted oream of the same fat centent, Inocubation temper-
atures of Y, 27 and 37° ¢, were used, with lipolysis being
greater &t the higher temperature. The optimum pH for
lipase activity at the lower temperature was found to be

8.4 to 8.6, "These workers found natural lipolysis varied
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considerably in milk from the same cow, A study of milks
from 18 oows at known stages of lactation falled to indlcate
a relationship bétwe&ﬂ\lipsly@ia and etage of lactation,
Also cream separated at 110° F, showed less 1lipolysis than
eream separated at 75° F., Peterson et al. (95) found
evidence of the presence of at least two natural lipﬁs@& in
milk, with the activity of each varying consliderably from
one. cow to another, One lipase was more stable than the

other,

Determination of fat nyérolggig;iﬂ cregam and butter

Water-Insoluble Acid Method, Of the various tests

which have been aevglayé@ for the quantitative measurement
of fat hy&rml&ais in eream and butter, the water-insoluble
aa&d (w.I.A,) ﬁethe& originally developed by Hillig (5@} is
recelving the most attentlion and is‘&&éﬁ mogt widely. The
method 1g designed to determine all the water-insoluble free
fatty acids in cream or butter whether pr@aaﬁﬁ ag aclds or
as alkaline galts., The mean molecular welght of the aclds
secured by this method indicates that they conslst princi-
pally of olelc and nalmlitie aclide produced by partial
hydrolyslis of milk fat, Analyses were performed on 18
samples of commercial churnlng cream and 12 samples of com=
merclal but%&r; The values, caloulated as millligrans of

W.I.A. per 100 grams of fat, ranged from 100 to 2,022 for
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the cream and from 51 to 1,278 for the butter. In this

same work known cuantities of olelc and palmitic aclds were
added to cream and butter with recovery analyses belng per-
formed as a check on the efficlency of the method., BRecovery
ranged from 93,7 to 105.9 per cent on 12 sﬁmplaﬁ of cream,
and from 9%,2 to 105,9 »ner cent on 14 samples of butter.

The average recovery was 96,3 per cent.

In an extensive study of 3 yearg duration, %1111@ and
Anlmann (62) performed W.I,A, analyses on a great number of
chmrnings of cream and the ragulting butter, to determine
the correlation between cream quallty and W.I.A, velue, The
ennlyses werezparfarme& in 1944 wi%hdﬂj'ehurﬁings, in 1945
with 11 churnings and in 1946 with 46 chmrnings, Less W,I.A,
was found in good quality eream and the resulting butter
than in ﬁamqmpmgeﬂ cream and the butter made therefromn,
These workers found W.I.A, values for sweet cream butter
ranging from 75 to 225 ng, per 100 g, of fat, wher@aa-buttér
made from poor quality cream ranged from 300 to 700 mg. per
100 g. of fat, Samples of seven churnings were stored at O
and 40e ¥, Tor periods extending to 22 months, With one
exceptlion, there was no slgnlflcant change in W.I.A. content
of the butter after © months, and in some cases even aflter
22 months at 0° P, At oo P, msi& appeared on gome samples
after 5 months and the %.ﬁ.ﬁ, content increased three-fold,

The correlation betwesn vrogressing age and W.I1.A,

value was determined by Hillig et al. (65) in an exyefim@nt'
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in which muantities of crcam were subdivided and held for
varying periods of time. A typloesl example including

analyses on the cream, resulting butter and buttermilk

follows:

Age of cream in days 1 I 8 11
%W,1.A. in the orean 23k 657 93k 1,052
W.I.A. in butter from 225 659 952 1,08k
the cream ;

W.I.A. in the resulting 1% 29 32 27
buttermilk ' , ‘

in adme cases abnormally high W.1.4, values were encountered
in gweet cream, A study of ﬁ@p&ra@ion methods indlcated
water separators ta be & gontributing factor in early cream
deterioration., These investigators performed ¥W,.I.A, analyses
on many cans of oresm actuslly used im_cemmaméi&l churnings
and found values ranglng from 50 to 60,000 mg, per 100 g. of
fat, They also found values on butter ranging from 21 to
2,299, As 2 result of this 1nvastig&t10n,.gh@aa‘wvrkers
recommended that the maximum permissible W,I.A, content of
legal cream and butter be established at 400 mg., per 100 g.
of fat, This recommendation has achleved legal status with
the Federal Food and Drug Administration, |

The possibility of ssponified fat belng dlscarded in
the &tﬁ%ﬁ*@%ﬁP&ﬁt.ghﬁS@ of the ¥.I1.A, determination wés
investigated by Hlllig (59). The eﬁhar»axﬁr&at;yhasﬂvr@ﬁate&

nepatively to o test which was able té detect ag 1ittle =g
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1 mg, of W,I,A, derived from saponified fat., HiAllig (59)
has emphasglzed the necesslty for using a minlmum of 0.2 to
0.5 ml, of 1 X NHaOH 1In excess of the amount reculred to
neutralize the sample to the phenolphthalelin end point,
Additlon of an excess of 2 ml, of 1 H HaOH did not czuse
any increecse in the quantity of ¥W.I.A., but low values were
obtalined 1f insufficlient allkall was used, The presence of
excess alkall suppresses the tendency of the goaps to
hydrolyze in a water solution and facilitates extraction
from the ether phase Into the water phase,

The effect of holding temperature of cream on the W.I1I,A,
gontent of butter was studled by Babel (9) who observed that
there was no significant difference in the W.I1.A. of butters
~made from oream held at B55e F, and 7H¢ F. This investigator
obgerved that when cresm sgonrg rapldly, the lipages are
inhibited because of the unfavorable pH, Crean having‘a
clean, hlgh-acld flavor produced butter with & relatively
low W,1I,A, content, vhereas cream with low acidity but
evidence of putrefactive types of organisms usgually produced
butter with a high W.I.A. value. The ¥W.I.A, content of the
butters dld ﬁm% increasze materlially with an inorsase in age
of the eream at elther temperature of holding,

Armstrong et al. (7) studied the corrslation of W,I.A,
value and mumerdcal score of commerclal butlter using the

method of HAllig (58) except that fritted glass filters
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were used, rather than gooch crueibles packed with ashestos,
These workers found that 92 score butter uniformly contained
legs than 150 mg, of W.I.A, per 100 g, of fat, Butter scor-
ing 90 had a W,I.A, range of from 137 to 303, 89 score butter
verled from 174 to 409 and 88 acér@ butter ranged from 183

to 612 mg, of W.I,A, per 100 g, of fat, Olelc and palmitic
aclde were added and recoveries by the W.I.4A, method were
found to range from 90 to 10% per cent,

In determining the effectiveness of the Four-day Grading
Plan as a device for segregating ocream with high W.I.4,
volues, Freeman and Barkman (47) perfermed W.I.A. analyses
on cream gecured from 15 buying statlons in Kentueky durling
four seasons of the year, The oream also was &x&m&ﬁed»far
flavor, odor, acidity, fat content and gediment, The oream
was churned under commerclsl conddtions and ineluded 27
churnings from 8,65&kimﬁiviau&1 deliveries of cream, These
investigators found & general relationship between W,I.A,
content and age of cream, However, there were definite
varlations and age could not be used &g a basls for prediot-
ing W.I.A. content, Winter cream had the highest W,I.A,
content and fall cream the lowest, These workers particularly
noted that organoleptle grade was not a satlsfactory gulde to
W.I.A. content and they found no relationchlp belween W,1,A,
and other grading factors, Also noted was a wlde variatlon

in the proportion of the W,I.A, in the ere&m‘thaﬁ was carried
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over into the butter manufsctured therefrom, which 1ls con-
trary to the findings of Hillig et al. (65) previously
mentioned,

Cream may be held under satisfactory refrigeration by
the producer and then be subjected to aﬁmwa@keric temper-
ature for 1 or 2 days while pessing through a buying station
enroute to a churning plant, Hilllg end North (67) elmulated
the effect of such treatment by holding crean separated from
fresh milk, at Mo O, for 6 to € days and then removing the
cream to 25¢ €, incubation, No marked defterloration occurred
while the oream was held at 4o C,; however, when removed to
25e 0,, W.I.A, values lncreased as much as three~fold within
48 hours. This was especlally true vhen lipolytlc counts
attained high levels at the termination of the de ¢, storage
period, |

The effect of the neutralization process on the W.I.A.
and butyric aclid values of oream wag studled by Hilllig et al.
{64). These workers analyzed each of %6 churnings of cream
before and after neutrallzation with regular aomméxci&l gods
and lime neutralizers. They found that neutralization does
not cauge an increase in ¥.I.A, or butyric acld in creanm or
in the butter churned therefron. They also reported that
the W.I.4, content of butter usually will be less than the
W.I.A. content of the cream from which 1t was churned., A
survey of thelr data Indicates that the values for butter

are usually about 15 per cent less {with veriations) than
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the values for the corresponding oream,

Forster (37) observed that v&&uﬁm pasteurization
devices do not remove any W.I,A, because the free fatty
aclds are not volatile under pasteurization conditions,
Hartin et al, (84) observed that there 1s & possibility of
some fat hydrolysis occurring with steam injectlon type
pasteurlizers, thereby increasing ¥W,I.4. values,

The effect of the continuous process of bubter making
on the W.I.A., and butyric acld values of the finished butter
was studied by Hillig and Ahlmann {63%), Some W.I.A, was
removed in the centrifugling operation of the continuous
system because the W.I.A, content of the oll immedliately
pricr to vacreation was unilformly less than the value of the
corresponding cfeam prior te @&pé?&zimn; Characteristie
decreases in W, I.A. randomly selected fron thelr data were
from 424 to 36 and from 277 to 228, Neutralization of the
oil had no effect., The churning operstlion had no effect on
W.1.A, content when the barrel churn was compared to the
texturator, These workers found that mold mycells counts of
butter made by the continuous process were much lower than
of butter made in a barrel churn from the same cream. Butter
made by the continuous process and sbored for i months at
gub=zero temperatures did not show any change in W.I1.4,
value,

& portion of the U, 8. D, A, Bureau of Dailry Industry
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dalry herd at Beltsville, Marylaend, was used by Hillig and
Palmer {(68) to determine if alteration of feeding reglmes
exhibited any influence on the W.I.A., content of cream,
There was no change in W.I,A., vhen cows were removed from
pasture and put on dry feed. Beveral different types of
hay, grain end sllage were fed with no indicatlon thaet types
of feed had any Anfluence on ¥.I.A. content of cream
geparated from the mllk produced by these cows,
Kester et al. (72) sought to determine whether defect-
producing bacterla were responsible for increases in W.1.4,
and butyric acid values in butter during stér&ga, transpor=-
tatlon and merchandising, Pure cultures of organlsme were
inaculaﬁe& into cream which wag promptly churned into butter,
using sterlle equipment and wash water, Ps. frapgl produced
1ittle increase in W.I.A, in salted butter but considerable

inecrease in sweet butter and Pg, fluorescens produced some

inerease in both salted and unsalted butter. Ach.

linolyticum caused considerable increage in W.I.A, and

butyric acid in both salted and unsalted butter. Pseudomonas

nutrefacieng caused no inerease in ¥W,I.A. or butyrie acid.

These workers reported W.I.A.-to-bulyric acld ratios ranging
from 300 on & eoﬁtral down to 9 on an extremely rancld
gsample. The ratio of completely hydrolyzed triglycerides

of normal butterfat would be about 26 and these investigators
observed that the excess butyric aeid‘may have come from

lactose fermentation, a probability which previously has been
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demonstrated and explained by Hillig and Montgomery (66).

Hany samples of cream several days old were observed by
Keaster (71) to have low acidity and high W.I.A. values, This
worker found that lack of exltenslive acld development favored
the production and actlvity of the Pg. fragl lipase and also
the activity of natursl milk lipase. |

The strong lipolytic ability of the molds is commonly
recognized, Purko et al. (99) studled the rate at which G.
candidum produced W.I.A, in sterile cream incubated at X,
10; 16, 29 and 37° ﬁ; fér 9 day periods., The cream was
sampled at 3 day intervels. W.I.A. velues as high as
30,000 mg. per 100 g. of fat were emncountered in samples
held at 37§ C. for 9 days, These investigators used nine
cultures of G. candldum and found that elght of these |
cultures produced rapid and extensive fat hydrolysis in
 cream, |

Working with raw cream at incubation temperatures rang-
ing from 38 to #5¢ F,, Peters et al. (93) found that ¥.I.A,
values t@nﬁé& to decrease as incubation temperature increased
and that high W.I.A. values were associated with cream in
which the pH did not drop rapidly, High W.I.A, values
frequently occur in low-acld cream marketed ln late winter
or early spring. These 1ﬁvéatig&ﬁ6rﬁ inactivated organlsnms
in eream using one part of 36 per cent formaldehyde to 500

parts of ereasm and found that the native milk lipase con-
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timued to produce W.I,A. but polnted out that native lipase
is not a significant factor in producing high W, I.A. values
in the pregence of developed acidity, Tor the enzyme is not
active at low pH, These workers further noted that in
geveral samples of cream to which no fmrmalﬁehyﬁ@ was added,
the W.I.4, values declined durlng holding and they suggested
that decresses mey be due to utilization of & portion of the
aclde by microorganisms.

- The W,I,A, determination ig time-consuming, reguiring

from 10 to 12 hours {excluding reagent preparation) to

properly analyze elght samples, This time requirement
minimizes the commercial acceptability of the mathaﬁ.y A
"sorting method" which slightly reduced the time required
per sample and reduces the completlon tlme on a group of
samples by about 1.5 hours has been developed by Hilllig
(60), The final drying and W@ighiﬁg'iﬁ eliminated, The

revision mekes use of the fact that the molecular welghts

of the weter-insoluble acids of cream and butter lle within
a restricted range. This lnvestigator f@nnﬁ that in ?1 of
75 samples of butter examined the ma&g molecular welghts of
the W.I.A.'s were between 260 én@yﬁgﬁ, with the average
being 269 and, for simplicity of c&laulatiﬁn, an average of
270 was assumed, The dried acids were dissolved in neutral
aleohol or benzene, titrated with standard aliall, and the
mean molecular welght of 270 used in quantlitatively ﬁetér»



21

mining the W.I.A. The author reported that these results
eam@aréﬁ favorably with the gravimetric determination.

A v&gi& methn&, recgulring only about 15 minutes, of
estimaﬁiné‘the‘w.z.ﬁ. in butter hog be@ﬁ'@%vaiaﬁﬁﬁ by
Hillig (61). The @athaé is appliesble to butter only. If
1t 1s desired to determine the W.I.A. content of cream, the
sample must be churned, The fat is thoroughly washed
several times with ice cold water to remove the water-
insoluble acids, then the fat is dlssolved in ether and
titrated with 0,05 N sodium ethylate, using phenolphthalein
ag indlcator, The quantity of W.I.A, can be rapldly and
aaaur&ﬁely determined by caloulation, using the titration
value and the average molecular welght of the free fatty
aclds previously determined by Hillig (60) to be 270, The
author reports the complete analysls on butter may be per-
formed in 15 minutes, with a little longer required for cream,
The titration method was eam@araé\wiﬁh/%he original method of
Hillig (%8), which has become the officlal method of A.0.A.C.
(&), using & great number of samples ranging from 170 %o
2,200 mg. of W,I.A, per 100 g, of fat, and wase found to
yield results withln'ﬁ per cent of the original method,
Reeder and Shadwick (100) have developed a4 field kit for
use by plants in detecting objectionable cream by the rapid
titration determination of W.I,A.
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Uge of basic dyes for detection of fat hydrolysis. The

detection of fat hydrolysls by the use of several baslc dyes
was reported by Knaysi (73, 7). 'The dyes wgwé nile blue,
methylene blue, spirlt blue and ﬂ@ﬁtr&l_fa&. They were
studied with respect to preparatlion, solubllity, stablllity
and color contrast in the messurement of the degree of fat
hydrolysis. Wile blue was found to be highly unstable and
therefore not sultable for general use in fat analysis. The
~ base of neutral red was recommended asg belng most sultable.
for general use for determining the guality of edible fats,
Knaysl and Guthrie (795) developed a method in which the
bage of neutral red dye may be usged in estimating butter
qm&ii%y by measuring the degree of hydrolysis of the butterw
fat., One ml, of the melted fat is dissolved in pure xylol
which 1s saturated with thé bege of neutral red and the
resulting color compared with simlilarly prepared stanlards
containing known cuantlitles of olelc acid, Uge of the base
of neutral red dye to estimate the quallty of milk fat has
been reported by Krukoveky snd Knayei (77). The procedure
was the same as used for butter. In neutral fazt and in xylol
the dye base gave an orange yellow solutlon., Free fatty
acids Tormed red soeps with the dys base., The degree of
yintensity of the red color waszs proportional to the concen-

~tration of soap and therefore proportional %o the concen~



23

tratlon of the fres f&tty acids, Greenberg et gl. (52)
modified the Knaysi and Guthrie (75) method for the esti-
mation of free fatty aclds in butterfat, to facilitate the
use of basic neutral red ﬁya in the field %&ating of cream
for the purpose of estimating the W.I.A, Qnﬁtent;

Armstrong et al, (7) have eriticized the neutral red
method because Qf the narrow color range, the instabllity
and the difficulty of maintenance of standard solutions.

A method of detecting fat hydrolysls which ﬁep@nﬁé upon
the aatman‘af free fatty acids in the presence of an alcoholle
solution of alpha~naphtholphthalein (ANP) has been developed

by Roberts et al., (1ol4). The dye solution is prepared b&
| adding 0.1 g. of the dye %o 150 ml. of 95 per cent ethyl
aloohol and 100 ml, of éigtill@& water, The dye is neutra-
lized to blue-green color, using 0.1 ¥ NaCH, Butter ls
melted in & watar bath at 1hoe . snd 12 drope of the butter~
fat are measured with & standard medlcine dropper Into a |
test tube oaﬁt&iming 5 nl, of the blue-green ANP indicator
solution. The test tube 1g shaken vigorously five times
and the color obgerved in 5 minutes, With lneoreasing con-
centration of acld the color changes from blue-green or
dark green to medium green, light green, orange, yellow and
finally white, The ar@nge color is consldered to differen—

tiate between positive and negatlive fat hydrolysis.
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&rmsﬁrmng and Herper (6) and Armstrong et al. (7) have
also worked with The ANP colorimetric method for the measure-
ment of fat hydrolysis in butter. Thoy report the method
will glve & rapld roughly gquantitative measure of free fatty
aciﬁa within an accuracy of 100 mg, of W.I,A., below a con-
centration of 400 mg, of W,I.A, per 100 g. of fat. These
workers state that by exerclsing extra precautions greater
accuracy may be achleved because 1t is possible to detect
color chenges with variationsg of 25 mg. of W.I.A, at concenw
trations of lese than 400 mg., of W.I.A, per 100 g, of fat,
These investigators further found that the ANP method is not
affected by the presence of butyric and lactic aclds, but 1t
deoes measgure caprolce and any longer chain fatiy acids,

An adaptation of the ANP method for the determination of
fat hydrolysis in ecream, using ethyl aleohol and petroleum
ether for extracting the fat, has bgen developed by Harper
and Armstrong {57). For rapid field work in screening the
quallty of cream samples, these workers advise the direct
uge of the solvent @xtr&gt; but for more reliable laboratory
work, evaporation is accomplished and anslysls performed on
the solvent-free fat. These investigators used 30 samples
of cream in comparing the Hillilg (58) and ANP methode, They
found that W.I.,A, velues of less than %00 mg. per 100 g, of
fat gave a graen AP test, whereas W.I.A. concentrations

above %00 mg. per 100 g. of fat gave an orange or yellow



25

color. By using the midpoint of each color range in com-
paring the ANP method to the Hillig method, they found an
average difference of 36 mg., of W.I,A. when working with
samples containing less than 400 mg. of W.I.A. per 100 g,
of fat. They do not indlecate whether the reculis by the
Aﬁ? meﬁhaﬁvW$refaanai@tanﬁly higher or lower than the re~
sults by the Hillig method, However, they do poilnt out
that additions of known gquantities of W.I.A. gave appro-
priate responge in the ANP method of analysis,
Determination of free fatty aclds by titration.

Breazeale and Bird (19) developed a method of separating
free fatty acldeg from fat and guantitatively determined the
amount of free fatty peids by titrating with alcoholie KCH,
These investigators reported that thelr method recovered
from 94,6 to 99.4 per cent of added fatty aclds and checked
satisfactorily with the methods of Clarke gt al. (22) and
the A.0,A.C. (8). 1In the A.0.A.C. procedure the fat is
welghed into neutralized alcohol and tltrated with 0.1 M
NaCH.

The Role of Various Organisms and Proteases in Protein

Hydrolysie in Milk, Creem and Butter

Proteolysis by the lactic acid bacteria

Qﬁa of The earliest studies of proteoclytic activity of

lactic acld bacterla was carried out by Peterson et al. (98),
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using 22 stralns of streptococci and lactobacilli., Non-
protein nitrogen, amine nitrogen and ammonis nltrogen
formatlon were used ag measures of proteolysis. Non-protein
nitroge& wags the most abundent form produced. In some cases
more amino and ammonia nitrogen was consumed than was pro-
duced, indlcating nutritional utilization by the organism.
There was no significant difference between stireptococci
and lactobacilli in proteolytic actlivity. In the cage of
both specles, proteolysis continued long alfter sugar
destruction had ceased,

Anderegg and Hammer (4) observed proteolysis by a large
number of stralns of §,,;§g§g§ lsolated from dalry products,
Some, including all strains used in butter ocultures, produced
an increase in soluble nitrogen when grown in ekim milk
culture medium, Addltion of calcium carbonate to neulralize
acldity increased the proteolysis. These workers observed
that organisms causing proteolysis coagulated milk quickly
and that proteolysils was not due to the acldity developed,
An increase in selmbl@ nitrogen usually was accompanied by

an increase in amino nitrogen. These investigators also

noted that Strepltococcus sltrevorous (Leuconostos citrovorum)

and Streptococcus paracitrovorous (Leuconostoe dextranicum)
did not cause proteolysis., Frazier and Rupp (16) noted that

8. lactls, Lactobacillus casel and L. bulparicus were able

to decomposge albumen in milk serum,
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Hemmer and Patll (55) investigated proteolysis by .
lactls with speoial reference to butter cultures and butter,
using about 120 strains isolated from milk, cresn and butter
cultures, Proteolyelis was measured by determining socluble
and amino nitrogen in milk cultures. Apprecleble proteolysis
occurred in ag little as 36 hours and the more rapia acld
producers generally gave the largest amount of proteolysls,
wlth proteclysis becoming evident shortly after coagulation
occurred, In general 8, lactis cultures fell into two groups,
one of which coagulated milk culekly and caused proteolysis,
the other belng slow and variable in rate of coagulation and
non-proteolytic.

Collins and Nelson (26) investigated the effect of §.
lactis on the soluble nitrogen in milk, using four strains
of organism. These investigators found & rapid increase in
trichloroacetic acidwaoiuhle nitrogen during the first day
or two, followed by a gradual but smaller increase for a 15
day perlod, until approximately 1% per cent of the total
nitrogen was in soluble form, Extent of increase varied
with different strains. The results indicste that the
proteolytlc enzymes of 2. lactls are not entirely endocellular,
because proteclysls obviously was taklng place before auto-
lysis of the B, lactls cells @ﬁeurr@ﬂ;

Horgen and Nelson (85) studled the distribution of ten
amino aclds in soluble fractions of mllk cultures of 8.

lactls, by obtaining tungstlc and lactic aclid filtrates of
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milk after incubation with 3, lectls for 15 days at 21° O,
Microbliologlecal agsays for free valine, leucine, isoleucine,
threonine, arginine, methionine, higtidine, tryptophan,
tyrosine and phenylalanine revealed marked incresses for the
filtrates of inoculated milk ss compared fto the uninoculated
controls, Active strains of £, lactig were able to effect a
marked increase in leucine and phenylalanine during the first
three days of incubation, with a slower increase extending
through the fourteenth day. |

Amundstad {3) reported t&&z cell-free extracts of two
gtrains of §. lactis grown in broth showed optlmum proteolytle
activity in peptone and caseinate solutlons at pH 6.6 and
6.8, as determined by acld-soluble nitrogen and amino |

nitrogen, A cell-free extract of Streptoccecus cremoris
showed optimum activity at pH 6.3 to 6.5 and was greater in
activity than the extract from S, lactis.

@ariﬁc and Foster (12), 4in studying the intracellular
protelnase of certain organisme lsolated from cheese worked
with a straln of 5. lactis which wag grown in ecarrot, liver
extract broth, Proteolysls was determined by Kjeldahl
analysis of nitrogen soluble in trichloroacetic acid, Dodium
easeinate wae used aec & substrate. The cell~free extract
was most proteolytic at U0 to L2e C, and at a pH of near
neubral, with z gecond optimum at pH 5.0 to 5.5, There was
some relatively stable proteolytic aetivity over a pH range

of 3,4 to 4.6, The extract was activated by reducing agents,
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Added metallic lons elther had no effect or were inhibitory.
411 of these characteristics were verified in subsequent
work by van der Zant {(113).

Zimmerman (117) investigoted the enzymes of ripening
cheddar cheese and reported & cell-free extract of §, lactis
did not show proteolytic activity when uﬁiﬂg;@iﬁhﬁf sasein
or hemoglobln as & substrate, The game extract cauged
hydrolysis of g&yeyl»ﬁwlea@&na and E%ealanylglymina, with
the optimum pH for hydrolysis of the former being 7.6 to -
7.8, and £,0 for the latter, Added mangsnous iong increased
rate of hydrolysis of glycyl-L-leucine. No significant aif-
ference in the rate of ripening was found when the extract

was. added to cheddsr cheese, ,

In studying proteolysis iﬁ milk by 8, lactis, van der
Zant and Nelson (114) obgerved that 8, lactls organisus
caused a rapld increase 1n both soluble nitrogen and tyregihe
and tryptophan during the first 24 hours, followed by a
smaller but gradusl lncrease durling the remainder of the
experimental perlod of 72 to 90 hours. These workers found
marked in&r@aﬁea in tyrosine and tryptophan even when the
production of soluble nitrogen, &g determined by the KJleldahl
procedure, was negliglble, Conslderebly more soluble nitrogen
and tyrosine and tryptophsn were produced when the reaction
was controlled at pH 6.0 to 7.%, than in comparable samples
without controlled pH, The cell~free culture medium did not

cause proteolysis.,
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van depr Zant and Welson (115) studled the characteristics
of an endocelluler proteolytic enzyme system of S. lactig
and found cell~Tres @xtr&éﬁa, prepared from g, lactis frown
in either milk or vitamin test casein medlum and dlsinte-
grated sonioally, showed the presence of a heabt-labile
proteclytic enzyme gystem with optimum activity againegt mllk,
casein and lactalbumen at pH values near neutrality,
Pregence of caseln and nicotinic acld in the broth growth
medium increased the proteolytic activity of the cell-free
extract, The minimum lﬁveir@f proteolytic activity was at
pH 5,0, whiah’was low encugh to 1inmit the activity and signif-
icance of pratemlyaiakfx%m thls source in most commson hypaﬁ'
of cheese and acid dairy products.

van der Zant {113) also absar%aé‘@rﬁﬁealysiﬁyby twe
gtraing ﬁf‘gg iactig grown in heated exin milk, with and |
without salcium carbonate added {10 g./100 nl, of milk),
Tor 36 hours with the milk under agitation to prevent
settling of the Gaﬁéﬁ. %1ﬁh,ﬂ&$§3 present, the pH did not
drop below 5.0, whereas 1% ﬁrwp@a&.ﬁa;%;l wlthout CaC0Oz,
Proteolysis was 2.5 tinmes greater with the ﬂaﬁa3 pregent,
Bterile lactic acld added to hented sghkim milk to glve
titratable acldities r&agimg from 0,2 to 1.0 per cent,
followed by incubation at 32e¢ ¢, for 24 hours feiled to
show any lncrease in sgsoluble ﬁi%y@g@n or Uyrosine and
tryptophan, indicating protein breakdown was not due to

lactic aclid formation by 8. lactip, This same concluslon
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wag reached by Anderegg and Hammer (!4) and by Hammer and
Patil (55).

‘The effect of heat on the proteolytic enzyme activity
of cell-free extracts of 8. lactis was determined by
van der Zant (113). The optimum for heat stability was at
pH 7.0, vhere proteinase aﬁtivity was retalned after heating
to B0e C, for 3@vminutes but was almost completely destroyed
at 55 ¢, for 15 minutes, In another instance one peptidase
vas inactivated at 61,7° O, for 2 minutes at pH 7.0, whereas
another retalned actlivity under the same condlitions, proving
two peptidases of varylng healt resistance to be present., AtV
pH 5.0 and 9.0 the inactlvation was qulte rapld at even lower
te&@&ratur@s; This investigator checked the stabllity of
cell-free extracts when stored at pH values ranging from 5.0
to 9.0 at 2° €, and 32° ¢, The extract was stable at 2¢ C,
over the above pH range after 4 days storage, but at 32e ¢,
conslderable destruction occurred at pH 5.0 and 9,0, with
less destruction at pH 6.0 and &,0. When the extract was
stored at oH 4.0 for 12 hours, the peptidase &stivity wh.8
completely destroyed,

Knowles (76) studied acid production and protein degra-
dation of a number of different sireptococcl and microcooci

in proteolyzing milk and found Btreptococeus licuefacliens

to be the most active proteolyzing organiem of the group, with

the mogt proteolysis occurring during the first 7 asys,
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Lon@'&ﬂﬁ Hammer (80) worked with & number of cultures
of acldoproteolytic strentococcl and found they coagulated
milk by enzyme sfcotion rather than acld formatlon., Titratable
acldlty of 15 of these cultures at time of coagulation
averaged 0,27 per cent and the pH averaged 5.9, With this
group of organisme, proteolysls wag largely compiﬁt@ after
& comperatively short incubation period of 2 to 5 days, with
some continued incresse up ﬁﬁ 28 days, vhen incubated at 21
and. 37e €., vith temperature making little difference,

Dudani (31} studled the charscteristics of neptidases
present in a cell-free @:ﬁzﬁmqi‘; of § ddguefaclens and
observed twefcﬁﬁima at pHts 5,0 and 8.0, for peptiﬂasa
activity against glyeyl-L-leuclne. Two pH optima, at 6.9
and 8.2, also were Tound againet S%w&l&nylglyaine and at the
higher pH hydrolysls wasg activated by manganous, cobelt and
manganese lons. A pH of 7.4 was optimunm for digestion of
both cagein and l&at&lbumén;

Braz and Allen {18) atudied protein metabolism and acld
production by the lactic acid bacteria and observed that most
specles of streptococol and lactobacilli, when gréwn in milk
at 20° C,, produced an increase in proteln aftor sﬁver&l
weelts incubation, These lnvestigators state that this
ineraasaé;@rﬁtain is &@ri?@& mainly from the p?ﬁﬁ@ﬁﬁéw
peplone fraction, whioh shows a corresponding deorease., It

was observed thal ococasional specles showed an exceptlion and
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coused protein degradation, Alasc mixed cultures of either
streptocoocl or lactobacilli brought about marked proteolysls
after U weeks, Addition of chalk increased proteolysis.
Growth of thege arg&n&amﬁ in milk resulted in concomitant
gynthesis and degradation of proteins and thelr spllt
products, the latter being inhiblted by high zcidity.
Heutralization vith saa03 removed the inhibitory effect and
resulted in & preponderance of proteln degradation. These
workers were unable to asgsocliate proteolytic ability %o aclds-
producing ability of lactic acld orgenlisme, However, Hammer
and Patil {55) observed that the more raplid acid producers

were more proteolytic,

Proteolysis by migcellancous organisms

Frezler and Rupp (43) ilsolated and classified 229
cultures of various specles of organisms proteolytic in
milk., Tryptophan determinatlions were performed using the
bromine test and amino nltrogen was measured by the formol
titration, Coccl generally produced only a moderate increase
in amino nitrogen in milk, Baellll varied from weakly to
aotively proteolytic, These workers also noted that auto-
claved milk favored action of the more actively proteclytic
organismg, bul had no advantage over gteamed nilk in the ocase
of the weakly proteolytic organisms,

FPrazier and Bupp (W) studied the action on ¢asein and
gelatin of the same 229 organlisms proteclytic to milk, Only
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four cocecl and four rods were found which produced no
inerease in amino nitrogen on cagein and gﬁlatiﬁ. Several
orpanisme were observed to split calclum caselnate more
readily than sodlum caseinate,

| Frazier and Rupp (45) inoculated the 229 mrg&nisma into
aynthetic ma&ig which contained various simple nltrogenous
compounds as gole source of ﬁiﬁmegen and observed fnrfpapué
lation increase, increase in ammonla and change in pH.
Orgenismg which used ammonla &s & sole source of niftrogen
apparently were able to use any of the slmpler amina‘asi&a
1f the medlium contalned a fermentable sugser ag a gource of
carbon,., Pome organisme which uged urea &s & sole gource of
nitrogen caused an alkaline reaction due to llberation of
ammonia, whereas others caused an aclid reactlon and llberated
no free ammonla,

Prazier and Rupp (46) inocubated cultures of proteolytic
bacteria in milk for 10 days at 30° O, and analyzed for total,
protein, non-protein, amino and ammoniz nitrogen. Most
orgenioms which decomposed casein also broke down albunmen,
with some coccl decomposing & gresater proportlon of the
casein than of the albumen,

Dernby and Blanc (30) studied the optimum and limiting

pH of the anserobes Clostridium gporogenes, C. histolytioum,

C. ganadiense, C. putrificum end §. perfringens. The range

in which they all llved was from pH 5.0 to 9.0, The optimum
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for all seemed to be sbout 7.0. Gelatin and peptone were
proteolyzed in the pH renge of 4.0 to 8.0, The optimum for
both of these nroteclytic activities seemed to be about 6.0,
Lisk (?g) studied the decomposition products of spore-
bearing bacterie in h@&t@d miliz, using the followling

organisms: Eaaillus cereus, B. albolactis (gcereus), B,

meaentariags«val,&ﬁaa (subtilis), B. mesentoricus-fuscus

(cubtilis), B. megatherium, B, ﬁi&@lax (gereus), B. aubtilis»

viscosusl and B. brevis. The orgenisms were inoculated into

aterile milk and changes obgerved in

ammonia content, amino
nitregan, 1&ata$e, pH and vml&tila acid. All the above
organisms showed a ywogreaﬁive increage in ammonis nitrogan.
| Decompositlion of milk grmﬁaiﬁ nrooeeded beyond amino aclds to
form indol, Hydrogen sulflde formation was noted in some
cases, Decrease in pH accompanied an in&re&éa in titratable
acidlty in all cultures except B. albolasctls. |

Parfitt and Spiltzer (92) investigated the action of

certain organisms such as B. mesentericus, B. albolactis

and B. mycoides {cereus) upon the proteins of milk and
gelatin. They found greater hydrolysis in gelatin than
in milk, with the greatest hydrolysis on milk occurring

1@ $.D.A, Agr. Yonogrsph 16 (109) places B, subtilis
var, viaassma of Chester as only B. subtilis of & probably
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in neutral solutions, They congidered that the acldity
produced from the lactose retarded the action of the
proteages,

Enowles (76) in studying orgenisms proteolytic in milk,
observed that yellow hemolytic staphylococeci produced more
proteclysis (about 1% per cent of the tatal protein) after
h&lﬁing:fcr 7 days or more, than other staphylococel, This

worker also observed proteolysis in milk by Mlorococcus

- freudenrelchil and noted that Micrococcus caseolytious

- proteolyzed ecasein, producing only water-soluble intermediate
products, '
Berger. gﬁ al, {(13) studled the peptidases from autolyzed

cell preparations from Leuconostoe mesenteroldes. He observed

that there were at least two dilpeptlidase and two tripeptidase
enzymes present, each of which had two pH optima for activity,
ané between 5.0 and 6;% and the other between 7.0 and §,0,.
Aetivity of these enzymes was stimulated by several metallio
lons, |

Long and Hammer (82) found Ps. putrefaclens had low acld

resistance and was destroyed at pH values of 5.3 and lower.

Cultures of Eg. putrefaciens proteolyzed litmus milk, with

complete dlgestlon ocourring in 2 to L weeks, with the final
pH after 32 days ranging from 5.7 to 7.0. The growth temper-
ature range was found to be from 3 to 30° C.

Albert et al. (1) found Bacterium linens in 2 per cent

peptone grew at a pH range of 6.0 %o 9.4, with no growth at
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reaction and then consgplouous proteolysis. During extended
ineubation solubl&~ﬁitrwgen‘gr@&tly’imc?e&ge@ and there was
some lncrease in amlno nitrogen, The different strains varled
in the extent of proteolysis produced, Thieg organism lique~
fied gelatin in 15 days or more and had a significant
characterietic of growing in 15 per cent Hall in broth or
skim milk,

Hucker (69) studled some of the acld-proteolytic cocci
when grown in milk and observed that the mlerococcus types
produced from &.6 to 58.9 per cent soluble nitrogen in excess
of controls. Peplonlzation was lncreased when CaQOz was
added to reduce acldity. Several specles of mlcrococel were
observed to licuefy gelatin and split casein,

Berger et al., (14) obtained cell-free extracts by freez-

ing end thawing from cultures of Zecherichia coll, B,

megatherium, Proteus vulgaris, Ps. fluorescens, B.

mesentericus, B. gubtilis, €. butylicum, CG. sporogenes, C.

acetobutyliocum, Lactobacllius pentosus, Propioniobacterium

pentosacewn and Phytomonas fumefaciens (Agrobacterium

,tmmafaoianﬁ}. The peptidage activity of these extracts was
determined and the optimum for peptide hydrolysis was from
pH 8.0 to 9.0 for all except L.

o

pentogus and P, pentosaceum,

which contained scldopeptidases active at pH 5.5 to 6.0,
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Studies on the activity of proteinages ,

Ferris (34) studied the proteolysis of cream and butter,
determining amino nitrogen and nitrogen not precipitated by
phogphotungstic acld. Proteolysis in cream began ag soon as
the acldlty reached 0.2 to 0,3 per cent, The resulting butter
held in storage showed only a slight increase in soluble
niltrogen compounds when the butter was made from sweet ¢ream,
while the butter made from neutralized cream developed a
mach greateﬁjp@r cent of soluble nitrogen, Representative
samples of oream and butter secured from 13 creameries were
examined by Ferris (35). "Second grade" cream showed values
of 8.1 to 12.6 per cent of the total nitrogen praaent as
anmino nitrogen, whereas the values on "first prade® cream
ranged from 1.6 to 9.6 per cent. The amino nitrogen values
on the "sscond grade" butter ranged from 3.4 to &.0 per cent
and the values on the "first grade" butter ranged from 0.8 to
6.3 per cent, The score designations of the grades were not
indicated, Presumably the "first grade" referred to 90 score
or grade B, and the "second grade" referred to 89 score or
grade C.

Talee (111) found that protelnase activity of several
microorganisms occurred at varylng pH levels in butter,
Congidersble reduction in butter quality due to proteilnase
activity was observed at widely differing pH levels,

The incressesg of free tryptophan and tyrosine, as a
measure of the métivity of pure trypsin and pepsin upon milk
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variously treated, were observed by Lembke et al. (78).
Examination by chromatography showed that trypsin liberated
tryptophan only, whereas pepsin liberated proline, hydroxy-
proline and tyrosine from raw milk, Bolled skim milk was
degraded more readlly by trypsin than was raw skim milk,
whereas the opposite was true wlth pepein, Irradiated skim
milk retarded th@ action of both enzymes,

Peterson et al, (96) found the apﬁimum activity of
cheese proteinase to be at pH 5,0, whereas the endocellular
proteinase of §, lactis showed optimum activity agsinst
casein at pH 7.0, suggesting that the proteinase 2srived
from cheese @1d not come from 8. lactis.

Peterson et al., {97) found most of the proteinase sotivity
in cheese to be of baeterial origln and only a small amount
due to rennin and nmilk proteinase. These workers obgerved a
greater guantity of cystelne-activated proteages in raw mixk'
cheese and congldered these protelnases to be especlally
deslrable in cheese ripening, for they appear to be at least
in part responsible for the more r@gid flavor development in
raw wilk cheese, These invegtipgators suggested the desira-
bility of isolating the raw milk orgenlsms which are
responeible for cystelne-activated proteinases and adding
them to cheese starter.

Severnl staphylococcl and micrococcl were observed by

Knowles (76) to produce significant degradation in the protein
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of milk at pH velues found in ripening cheece. These
organisms might have poseible value as ripening agents but
are considered undeslirable becsuse of thelr possible effect
on flavor,

Storrs (110) found that if pancreatic enzymes used for
produecing soft-curd milk were allowed to act in milk suffi-
clently long before pasteurizatlion, pronounced hydrolyslis
occurred, He observed that Iree tyrmain@fincreaaea‘wiﬁ& the
degree of enzyme a&ﬁit&mm &ﬂa,ﬁ$$ima%aé that in properly
treated samplea, proteln hydrolyslis amounted to approxi-

mately 1 per cent of the amount theoretically possible,

Methods of measurdng proteolysis of eream and butter

Several methods of measuring proteolysis in dairy products
have been used, The Kjeldahl method for nitrogen determina-
tion in the various fractlons of proteln breakdown products
has been used most extensively., The Van Slyke (116) method
of guantitative &&tarm&&&%iam of amind aclds also has been
commonly used as a measure of the rate and extent of protein
degradation,

In measuring the extent of proteolysls in milk, Frazier
and Rupp (43) us&d\a bromine test for'&eterm&natimn of free
trypteghaa in milk, They consldered thls method to be only
approximate, as it depended upon comparlison with a standard
of limited stabllity @repareﬂ by adding bromine to a pre-

viougly &cidulated contirol.
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Folin and Clocaltesu (%6) developed a method involving
a phenol reagent for colorimetric determination of tyrosine
and tryptophan in a trichloroascetic acld filtrate of the
substrate, Anson (%) made use of the Folin-ficcalteau
reagent to determine the effect of pepsin, trypsin, papain
and cathepsin, using & denatured hemoglobin solution as a
substrate, Hull (70) used the phenol reagent prepared
according to Folin and Clocalteau on a 0.72 N trichloroacetic
acid flltrate of precipitated mllk protein to determine
@fat@in hydrolysis by quantltatively measuring free tyrosine
and tryptophan, HRhodes (101) used this method in following
protein degradation in cottege cheese, The method has been
demonstrated to be sensltive and accurate,

Heasurement of proteolysis by sensitive methods depend-
ing upon the abllity of native protein to bind dyes have been
reported by Grief {53) and Carroll {21)., Using anlonic dyes,
Carroll was able To meagure the effect of as little as 1
part per billion of pepsin on bovine albumen, These dyes
impart plgment to the intact proteins, such as albumen, but
th@nhyﬁralyza& protein fraction deoes not react with the dye,

Duggen (32) developed a sensitive colorimetric method |
of determining the free‘tryyﬁoyh&n in milk, cream and butter
and performed numerous analyses on these products, Hlnety
per cent acetone was used as the solvent to extract free

tryptophan. Purified pars-dimethylamincbenzaldehyde was
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added in the preasence of an oxidizing agent to ﬁéveloy a
blue color in the proteln-free flltrate containing
tryptophan, This investigator analyzed numerous samples
and reported free tryptophan values as low as 0.6 p.p.m.
for high cuality milk and the maximum value was 32,6 p.p.m,
for & sample of cream which had been incubated 240 hours at
37e €, Recoveries genecrally ranged between 90 and 110 per
cent, This worker rﬁyarﬁaﬁ the following conclusions con=-
cerning the application of the method: |

1. HNegligible quantities of free tryptophan are

present in normal sweet milk and cream,

2, The amount of free tryptophan in milk and crean

increases with age 1f the products are held under

conditions conducive %o bacterial and enzymatic
activity, ;

3. The amount of free tryptophan in butter depends

upon the free tryptophan content of the original

gream, :

Erekson {3%) used the Duggan Method as a device to
follow the ripening progress in cheese, HMN1ld flavored
cheege contalned fron 1§ to 91 gomme of free tryptophan
per gram, while cheese "high" In flavor contained up to
889 gemma per gram., Experimental raw milk cheege cured
9 months at 55 to 60° F, sghowed an average of 296.7 gamma
per gram, compared to 117.2 pamma per gram for pasteurized
milk cheese cured under the same conditlons, with the raw

milk cheese belng much "higher" in flavor,
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¥iscellaneous Quallty Control Tests for Cream and Butter

Several mlscellaneous quality control tests for cream
and butter have been developed in recent years, Claydon (2%)
developed a colorimetric method for estimating the guality
of cresm, Blue color was developed by adding crystal violet
solutlon to & cream sample previously treated with a fixed
quantity of HaCH, The intensity of the color varied with
the quallity of the cream, The sample waeg evaluated by
belng compared with a previously prepared permenent standard,
The color value wes primarily rvelated to the acldlty and
physical condition of the oream,

A fluorescent method for assessing the keeplng quallty
of butter has been developed by Grant and White (51). These
investigatore cobserved fluorescence to be a characteristic
of the salt extract of the defatted material, The method
reflected deteriorative chenges in the non-fat component,
There was & cloge correlation between flucrescence measure- ,
ment and flavor gcore, but the method did not detect
undesireble flavor due to absorbed materlals, The method
alpo is used to detect deterloration in egg powder.

Butyric acld values in orean h&vavheen congidered %o be
a measure of the degree of fat hyéraly@is. However, research
by Hilllg and Montgomery (66) has demonstrated that conslder—
able quantitles of butyrie seid may be formed by lactose
degradation, In @ﬁtablighing the source of butyric acld in
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deteriorating milk and cream, these workers held raw crean

2 to 3 weeks at 20, 25 and 32° C., withdrawing samples at
frequent intervels end analyzing for lactose and lactle
acid, Throughout the ilncubation period lactose decreased
progressively and ﬁuriﬁg the first few days lactic acid
increased, Later in the incubation perlod lactic acid
decreased and volatile acid, Qrincipally butyric, determined
ahramatggrapﬁie&lly, 1nc$a&seﬁ rapidly. Butyric acld appeared
to be arising out of lactose degradation, but fat hydrolysis
was investigated as & possible source, The Reichert~Helssl
number on the fat extract and the distillation constant on
the acids remsined unchanged throughout the intervel.
Inasmuch as the butyric fatty acld contributes to the
Relchert-~Helgsl number, the source of increase could not
have been fat hydrolysis, To strengthen this conclusion
these Investigators lncubated, sampled and analyzed skim
milk in the same manner &g the oreanm samples, As much as
0.57 per cent butyric acld developed in the skim millk, whereas
they caleulated a maximum of only 0,007 per cent would have
been possible 1f fat degradation was the sole source of
butyric acid, Formulae were precented showing how lactose
may decompose to butyric aeid. The sum of the breakdown
‘prnﬁua%s formed added up to the original lactose eculvalent.
These investigators analyzed & number of samples of cream
offered for commerclal churning and found from O to 300 mg.

of butyric aclid per 100 g. of fat, Analyses on 321 sgamples
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of commercial butter showed a range of from O to 38 mg, of
butyric acld per 100 g, of fat, No determinable butyric acid
wag found in any of 2% samples of sweet cream butter, These
iﬁveatig&tﬁrg concluded thaﬁ when hﬁtyria acid was present

in cream, gsome wag usually cerried over into the butter made
therefrom, the proportion belng unimportant, for a detectable
anount indicated decomposed cream was used, Results of this
study led to the rﬁeammen@&timm’th&t & maximum legal
tolerance of 2 mg, of butyric acld per 100 g. of fat be
established for cream and butter. Thisg standerd has officlal
status with the Federal Food and Drug Adminlstration but 1s
used less commonly than the W.I,A, standard, |

The effeot of neutralization on the butyric acld content
of cream and the resulting butter was investlgated by Hilllg
et al, {64), After determining the butyric acid content of
the cream snd the resulting butter for 36 commercial churn-
ings, these workers concluded that neutrallzation had no
effect on the bulyric acld content of the cream or of the
butter made therefronm. ,

Hililg and ﬁnlmannviéﬁ) obaserved that in the continuous
process of bubttermaking, aboutl one-halfl of the butyric acld
present in the cream wag retalned in the oll, wlth none belng
lost as a result of vaoreation, neutralization or churning

of the oll.
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Cream was held by Hillig and North {67) at He ¢, for
6 to 8 daye and then removed to 25° C, for 2 days in order
to determine the effect of adverse cxposure subseguent to
proper refrigeration, Simllar clrcumstances are frequently
encountered in cream properly grétaeteﬂ by the producer, but
abuzed en route to a churning plant, These workers observed
ag much ag three-fold increases in lactiec and butyrlc aclds
within 48 hours after exposure to the higher temperature,
In most cases the‘butyria acid did not appear untll the creanm
deteriorated to "elass II", which apparently corresponded %o
90 score or grade B,

Kester et al., (72) observed that Ach. llipolyticum

inocylated into sterilized cream caused conslderable increase

in butyric acid in salted and unsalted butter., Ps,

putrefaciensg caused no lncrease in butyric acld. These
investigoators concluded that butter made from satisfactory
creanm may become unsatisfactory from the standpoint of ¥W.I.A.
and butyric acid values if hesvily contaminated with
lipolytic orgenlems.

Peters gt al. (93) found high butyric acld values in
cream samples held 7 days at 85¢ F,, in which the W,I.A,
values had barely changed, These results suggested that
butyric acld was arising from some source other than fat
hydrolysls, presumably lactose degradation. 1In one sample
examined by these workers, 1,406 mg, of butyric acid per 100
g. of fat was produced, which would indicate hydrolysls of
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half? of the fat present. This degree of hydrolysls was
sufficlently lmprobable to Justify the assumption that

butyrie acid was formed from other sources, such as lactose,

zntevrelatioﬁﬁhip and ﬁetivity of Organiems Grown
as Mixed Cultures in Hilk and Cream

Only a few reports have been published concerning the
interrelatlonship of mlceroorganism activity in milk and

cream,

Lactic streptococci and lactobacilli
Rogers (105) observed that when ecual inoculations of
8. lactis and L. bulgariocus were introduced into sterilized

milk the 5. lactls was dominant in the inoculum, and &
typleal 8, g@gg%g fermentation ensued. Inoubation was at 30
Coy which w&é definitely partlal to 3. laaﬁia development and
 domination, . | .

Hensen (56) prepared extracts of autolyzed cells of
several stralns of §. lactis and 8. cremoris which, when
added to milk oultures of L. cagel, ralsed the end point of
fermentatlion, Thie worker belleved that an effect of this
nature may be of aianifia&né& in explaining the predominance
of L. cagsel in cheddar cheese, a medium in which lactic
gtreptococecl develop aﬁuné&ntly and then die and dlsintegrate.

A different opinion concerning the relationship between
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5., lactis and L. gasel 1s reported by Baribo and Foster (11).
These workers used nine strains of 8. lactlig and 8. cremoris
and three commerclal starter cultures, All of the foregoing
cultures produced a heat-stable substonce which inhiblted

L. casel, The material also slightly inhibited certain other
strains of 1&&%1& atreptocoocd, The lactic streptococei
varied Qﬁﬂﬁi&%?&bly in thelr ability %o produce the inhibitor.
Strelns afl%;“ggggkkﬁiffaraﬁ morkedly ln thelr susceptibility
to the substance, When given sufficient time (several days)
the lactobaclilll overcame the effect of the inhibitor, These
investigators nataﬁ that most of the Ilnhibitor wae formed by
the lactic streptocoeol during the first 24 hours of thelr
growth in broth, although the ﬁ@ﬂﬂ&nﬁr&tién continued %o
inorease slowly for as long as 60 hours, Whey and curd
obtained during cheddar cheese manufacture were inhibltory

to the only strain of L. ¢agel tested in this manner.  Baribo
and Foster (11) suggested that the inhibitory substance,
which seemed to arise out of normal stafﬁer‘aultur@s, weg
responsible for the early domination of B, lactls in cheddar
Qh&@ﬁé ripening, but as ripening progressed the few resistant
strains of L. ggggakgy@aually‘ﬁsniev@& numerleal supremacy
and dominated the cheddar cheese flora.

| The characteristics of the growth inhibitor for L. casel
produced by lectic a%rﬁpﬁaaucei were Ainvestigated by Baribo
and Foster (10). The inhibltory substance produced by one



strain of 2. lactls was assoclated with the cells that pro-
duced 1%, but was liberated from the cells by acid develop-
ment. Boiling or steaming a culture of H. lactig for 10
minutes at pH 4.8 had 1ittle effect on its inhibitory
activity, but heating at pH 7.4 f&@iﬁly destroyed about half
the inhibitor in the culture. A% acid reactlons the substance
is relatively stable to heat, These investigatorg found that
the 1nh;b1tary material was more active at acld reactions,
with 1Ts ability to lnhibit a test culture of L. cagel belng
markedly inoreased when the reaction of the culture medium

was below pH 5.4,

Effect of acld on Lactobacillus scidophilus and S. lactis

gultures
Blaeck and Harris(l® congldered that acidity materiaslly

affected the activity of L. secldophilliug cultures and sug-

gested that in order to derive maximum benefit from a culture
the acldity at whlch the maximum number of organisms 1s
secured should be determined for each strain, Most stralns

of L. aa&dﬁpﬁi&ug gave maximum populations at acldities of

1.0 per cent, with some individual variations. In all but
one strain & decrease in population occurred when the acldilty
reached 1.2 per cent and much greater destruction was evident
at sciditles of 1.5 to 1.8 per cent, Storage at §e C,
resulted in less loss of population than gtorage at 20 to

2le ¢,
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Sherman and Hodge (107) separated fast-growing from
slow-growing strains of 8. lactlg and found slow growth was

agssoclated with greater acid tolerance,

Effect of free fatty sclds on certain organismg

Parassuk and Smith {112) observed that rancid milk had

an inhibltory effect on the growth and acid fermemtatimn of
5. lactis., This inhibltory effect was shown to result from
the low surface tension of ranocid milk and agprsaiabl@
growth of B, lactis in raencid milk was shown Vo increase the
surface tenslon, Under optimum conditions of growth in
respect to temperature of incubation and initial number of
organisms, the increcse In the gurface tenslon of rancid milk
due to 8. lactlg activity yielded a final surface tension
value approaching that of normal milk, The change in surface
tension apparently resulted from the utilization of surface
tension-lowering fatty acids by S. lactis.

The inhibitory effect of rancid mllk on certain bacteria
wes studied by Costilow and Speck (28). Milk which had under-
gone lipolysls to the extent that the surface tenslon was

reduced about 10 dynes per centimeter, was found to have a

definite inhibitory effect on 8. lactls, Streplococcus

zymogenes and L., easel. The inhiblition of Streptococcug
bovig and E. coli, though detectable, was definitely less

than that of the above organisms. L. bulgaricus and

Pseudomonas aeruginoga were not measurably affected. Control
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gamples demongtrated that the inhibition displayed was not
cauged by elther the 3ligh$ reduotion in pH or the reduced
surface tenslon in rancld milk, Bterlle actlve llpase
showed no direct effect on the growth of 8. lactls other
than through its lipolytlc action on the fat in milk, The
regults of the Investlgatlion indlcated that inhibltion was
cauged by some component of rancid milk and that the extent
of inhibitlon of 8. lactis was in direct proportion to the
degree of llpelysls occurring in the milk,

Costilow and Speck (27) studied the inhibition of 8.
lactis in milk by fatty acids, In an effort to determine
the cause of the inhlbltory property of rancld milk on B.
lactie, all of the fatty sclds common to milk fat were
tested for thelr effect upon the growth of this organlam,
Caprylic, capric and lauric acids inhibited growth of 3.
lactis, with the degree of inhibitlion increasing as the
concentration of the acid increased, The effect of myristic
acid was doubtful and none of the other aclds tested was
found to be inhibitory. These workers disagree wilth the
belief of Tarsssuk and Smith (112) by stating that the
inhlbitory property of ranecld milk and milk contalning fatty
aclds 1s not the result of low surface tenslion, but ls due to
some other unexplained toxic effect of the individual fatty

acids,
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Effeoct of lactic gtreptococci on the growth of miscellaneous

organismg

8. lactis has been found to influence the growth of
several organisms, Nashif and Nelson (&8) observed that a
reduced pH caused by extensive gmwth of 8, lactis in creanm
@id not result In any appreciable inhibltion of the growth
of Ps, fragl but d4ld cause marked reductlion in lipacge pro-
duction and activity, The lipace of Pg. fragl showed no
measurable sctivity below pH k.9,

Albert et al., (1) found that vhen lltmus milk was simule
teneously inoculated with 8. lactis and B. linens the B,
lineng population aaclin@@’r&pidlyi

Claydon (&%)‘ﬁbserveﬁ‘a slunk-like odor in commerclal
erean and resulting butter, éa?m.ah had ordginally been attrib-
uted to Pseudomonas mephitica by Claydon and Hammer (25).

Further study demonstrated this defect to be the result of

assoclative action of Pseudomonas speclies and 8. lactiz. The

development of the defect in milk, cream and butter appeared.

to depend on balance of organisms, growth temperature and pH.
Marshall (83%) observed the effect on lactic acid fermen=-

tation, when B, subtilis was added to a milk culture of 8,

lactls, Presence of B. subtills stimilated the lactie

fermentatlon and the higher the B. subfills concentratlon

in the original milk, the greater the stilmulus in the early

stages of the fem@nmﬁmﬁ. In the original milk the optimum
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ratlo of B, subbtilis to 8., lactls, was approximately 22 to
10,000, The stimulus was more evident at low Ancubsation
tenperatures,

Cox and Whitehead (29) grew each of four ovganisms
commonly found in contaminated milk, in assoclatlon with
lactic streptococcl and determined the ac,mwy produced in
& given time, The organisms were B, coll (E. coll), B.

@ﬁzﬁtilia, Bacillus faecalis-alkalicenes (Alcalipenes

foecalig) snd a staphylococcus. B, gubtilis stimulated the
“production of acid, B. coll was variable, causing an
increase in acld productlon in some experiments and a
decrease in others, The staphylococcus had a perceptible

stimilating effect and B. faecallig-alkalipgenes had a slight

stimulating effect which was barely beyond experimental
error,

The assoclative growth of B, gcereus and 3, lactls was
investigated by Garvie and Stone (19). When each of three
strains of B. gereus was grown in turn in milk at 22¢ O,
with each of two strains of 8, lactis and each of two stralns

of the goli-serogenes group, the growth of the spore-formers

was not affected, Regardless of initlal proportions of B,
cereug and 8. lactis, the streptococcl greatly outnumbered
the spore~former at the end point of the elot~on-bolling

test. B. cercus did not develop in mllk held at 15¢ C,
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Some miscellancous factors affecting organism activity in

ereanm and bubter

Poute (38) investigated the effect of lactlic acid on
the hydrolysis of fat in cream by pure cultures of several
lipolytic organisms, 0. l&gtis and all of the specles of
bacteria gt&ﬁia& were lnhibited somewhsat by the growth of
butter culture organieme in cream, However, the yeast

Mye.
the butter culture organisms, IExcessive amounts of lactlc

lipolytica showed increased growth In the presence of

‘acid added to creem inhibited growth of 0. lactis, Myc.

1ipolytica and Ach. lipolyticum; however, all of the

organisms grew at titratable acidities of 1.0 per cent and
the first two specles gre& sufficlently at an acidity of
2,08 per cent to cause lipolysis.

Helson {90) observed that the lipase of (. candidum was
inactive at pH 4.0 and destroyed at pH 3.0, Lipolysls was
retarded when cresm experienced &,natur&l roapld lactic acld
fermentation and the rate Qf'lipc&yﬁia decreased in direct
nroportion to the incresge in aaiﬁity. |

Garrison (48) noted that many of the fluorescent
Pﬁeuﬁmmaﬁaﬁ organisng waré‘inhibitaé by acld produced by
lactic culture organisme, This investlgator was unable to
isolate fluorescent b&aﬁ@ria ﬁrmm ﬁxtr@mely souyr ¢rean,

The use of yeast cultures for the preventlon of mold

on butter has been investigated by Blok (17) and Bogdanov
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and Makslimova {l&%}. These workers have reported that
yeast .c:mlmress alone and mixed cultures of y&ast cells
and lactie streptococcl protected butter against mold
growth for 1.5 months when 10 ml, of eell suspension was

used per liter of butter,
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HETHODS

Pure Cultures of Organisms Used

The following pure cultures of organlems were used to

inoculate sterlle cream: Streplococcus lactis, Geotrichum

candidum, Toruls cremorls, Pseudomonas fragl, Aerobacter

aerogenes, Lactobacilli cagel &nd Bacillus subtilis,

Source and characterdzation of organisms

Two cultures of 8. lactis were used during the progress
of the research project. One was secured from the Iowa 3tate
College Dalry Bacterlology laboratory where 1t was designated
as "Strain 712%, The other strain was isolated from raw milk
delivered by & producer to the Iowa State College Creamery,
Both strailns agreed with the characterlization for 8. lactls
indicated by Breed et al., (20).

G. cendidum was lsolated from raw oream secured from
the Jowa Btate College Creamerdy and agreed with character-
istics listed by Skinner et al. (108), |

P. cremoris wes secursd from the Iowa State College
Dalry Bacteriology Laboratory where it carried the
designation "Straein B"., The organlism agreed with the
characteristics found in Hammer (54%) and keys of Stelling-
Dekker and Lodder found in Skinner et al. (108).
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B. subtilis was secured from the Iowa State College
Dairy Bacterlology Laboratory where 1t was deslgnated as
"Strain 1", The organism agreed with characterizations
found in Breed gt al. (20) and Smith et al. (109).

L. casgel was secured from the Towa State College Dairy
Bacterlology Laboratory where 1t was deslgnated as "Strain
L% . The characteristics of the organism agreed with those
found in Breed et al. (20).

Pg. frogl was isolated from rav milk secured from the

Iowa State Galimg@ Creamery, The characterlstics were in
agreement with those found in Breed et al. (20).

4. aerogencs was lsoleted from a sample of raw cream

wh

secured from Texas Technologlcal College Creamery. The

charecteristics were in agreement with those found in Breed
et al. (20),

Lulture purification and asctivatlion prior to use

All cultures, @x%&?tlg,vlaatig which was carried in
litmus milk, were carried on st&nﬂ&f& agar slants. and
trensferred at least once a month when not in use, All
eultﬁr&a w&éa activated in & broth mediunm sulted to the
particular culture and trangferred a minimum of three times
in 1litmus mllk, at favorable incubation temperatures in
order to assure mnémalatigﬁ with a vigorous culture. Broth
media were used for activation in order that growth could

be observed and vigorous activity demonstrated prior to use.
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All oultures were plated on appropriate medle and examined

microscopleally for purlty prior to inoculation.

Reagents

The oleie, pelmitic and stearic acids used in the W.I.A.
recovery trials were A,C.8, standard and secured from Baker
Chemloal Co., Phillipsburg, N. J.

The asbestos used in packing Gooch crueclbles for the
W.1.A, determination was long fliber, acld-and-aliall-washed
according to the ﬁiﬁ,ﬁ,a; m@theﬁ‘{g), with the alkell and
acld digestions belng extended for 3 days each.

Dicalollte speedex, the filter aid used in the W.I.A.
determinations, was secured from the Great Lakes Carbon
Corp., Chicago, 111, m

Pilter paper used for the tryptophan determination was
Whatman folded No, 12 for the flrat filtration and Schlelcher
and Schuell white ribbon No, H89 for the gecond filtration,

| The para-Aimethylaninobenzaldehyde used as the color
developing reagent in the tryptophan Cetermination was secured
from the Eastman Xodak Co., Rochester, N, Y., and was puri-
fied acocording to the method of Gllman and Blatt (50), The
puriflied reagent was stored at Heo ¢, in a browm glass bottle
end the same lot (No. 8421) was used throughout the research
project, The éalmr developing redgent was prepared by

dissolving 0.4 g. of the purified para-dimethylaminobenzaldehyde
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in & ml, of acetlc scid and then mixing with 92 ml, of
phosphoric acld and 3 ml, of concentrated hydrochlorie
acid, ‘ ,

The DL~ tryptophan and %»ﬁ?ypzaph&n used in Qr@g&ﬁ&»
tion of the sgtandsrd curve and iﬁ recovery trials wére ,
secured from the Nutritional Biochemicals Corp., Cleveland,
Ohto, -

&&@tan@ used in the tryptophan analysis was distilled,
with the last § per cent belng discarded to avold pigment,
and diluted with 10 per cent distilled water. The 90 per
cent acetone was neutralized to the end polnt of phenol=
phthalein with 0.1 § NaOH immediately before using.

Alaminé cream used in the %ryptayham determination
wag prepared recording to the A.0.A.C, Method (8).

All miscellancous chemicel resgents used were A.C.S.
standard and were secured from the Baker Chemical Co,,

Phillipsburg, H. J.

Source of Cream and Butter

Inoculated cresm gamples

The cresm used in thls work was seocured from the
creamery of elther the Iowa State College or the Texas
Technological College. The o¢ream was grade A guality and
was gtandardized to 35 per cent fat, using grade A milk,

The purpose of standardizing wae to eliminate fat and serum
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variables and thus establish uniformity of composition for
the benefit of organlsm resgponsge and to simplify the com-

putation of subsequent analytical values.

Uninoculabted commercial samples

- In one portlon of the investligation the fermentatlion

of three gualities of unsterillzed, uninoculated oream was
followed. One of these samples secured from a local bottling
plant was fresh {current day) surplus grade A cream being
channeled to sweet oream butter and lce ¢ream mix., The
other two samples were mixtures of a 2-~day accunulation of
both evening and morning cream secured from producers routine-
1y delivering to & local churning plant, It was necessary %o
take a 2-day accumulation of oresm for the latter two samples
because no appropriate producers could be found whose l-day
production would provide a sufficlent gusntity of cream,
The‘%wn profducer samples were gelected in such manner as to
provide medlum and poor quallty cream. For the purpose of
uniformity and in order to simplify caloulations, all three
gamples of cream were standardized to 35 per cent fat, using
sterile skim milk, Wone tested above L0 per cent fat
originally.,

Sour cream samples for & serles of tryptophan and other
analyses were gecured from & small local churning plant

making 89 score or grade C butter,
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But'ter samples analyzed for free tryptophan were

gecured from normal distribution outlets.

Experimental Procedures

%rap&rmtian Gf cream

In each separate axyeriment the cream was mlxed suffi-
clently to assure homogenelty and ilmmedlately divided in
such maﬁn@r'&s to place 750 g., a quantity sufflclent for
future sampling r@@uiremanté, into esach of elght pyrex
one-liter florence flasks, These flasks were tightly
plugged with non-absorbent cotton and capped with fwo 1&yéra
of parchment secured by rubber bands. The oream was then
ste&@aa’far & minimum of 1 hour on each of 3 consecutive
doys in elther an Arnold steamer opr an autmelave operated
‘without pressure, Throughout the zmdﬁy*@reparaﬁion perdod,
"tﬁé cream was refrigerated at B¢ C., except durdlng the steam-
ing intervel, Two of the Plasks of oream, designated as
controles, were not inoculated, One control was incubated
at 10° ¢, and thavath@r at 30e (C, ﬁhr@ﬁgﬁ@mt a 10-day
period, which wag the duratlon of each of the studles per-
farm@ﬁ; There was ane‘axeap%iaa in which uninoculated
controls were prepared according to normal procedure, held
at 10, 20 and 30° €, and examined at regular sampllng
intervals to ascure that sterility prevelled and no snzyme

aetivity ocecurred,
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Inoculation

Three of the remalning six flasks of gterilized cream
were inoculated with 0,1 ml, of an 18-hour 1ltmums milk
culture of the orgenism selected for study in that partiou-
lar lot of cresam, The three remaining flagks were each
inoculated with 0.1 ml, of the same culture nlueg 0,1 ml, of
& lltmus milk oulture of $. lactls, in order that the growth
and fermentallion pattern of the orgsnlism in the presence of
B, lactias could be observed, Following inoculation, the
cream was thoroughly agitated to assure uniform distribution
of the inoculum, | |

Incubatlon
| In order to simulate as approximately as @Qagihla the
temperatures at which cream for buttermaking may be held,
Incubation at 10, 20 and 30° €. was empléyeﬁ. Flasks of
cream contalning each inoculum were incubsted at each of

these temperatures, It was considered that the 10¢ O, temper—
ature would correspond to the holding conditions prevalling
among producers who used refrigeration facllities for thelr
crean during holding prior to marketing. The 20° C. tempor-
ature would approxzimate the holding temperature of oream by
those who had no refrigeration but who made consclentious

use of euch natural cooling facilities as are available,

guch az water tanks, The %0e €. temperature was intended

to correspond to the conditions of exposure by producers who
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provided no protection agalnst high temperature, Unlfomm
incubatlon conditlions as described above prevailed through-

out the experiment on 8ll organisme studied,

Frecuency and @athoé of saapling

In 81l series of trials the two control flasks were
samnled fﬁllawiﬁg sterilization and immedisztely prlor to
incubation, These two samples were analyzed and the |
average of the results recorded as the initlal or O-day
analysls on the entire lot of cream.  The two controls were
gampled and anﬁlyz@&-agﬁin at the conclusion of a 10-day
inoubation period at 10 and %0e {.

Bamples for microblolopgleal and other anslyses were
secured from &ll»in&aul&ﬁaﬁ fl&%ks after incubation for 1,
%, 5, 7 and 10 days, with the flacks being thoroughly
agltated prior %o sampling. In éﬁﬁiﬁian@ s&m@las for miero-
bilologleal analyses were removed immediztely before inocu-
latién and within 10 minutes after inoculation, following
thorough agitation to assure uniform dlspersion of the cells,
Theee initial gamples Qh 0 day were to determine if the
prepared cream was at@?&le and ta’ﬁﬁtérmﬁna the 1niﬁ1al
Gr@aniﬁm population inoculsted into the cream, 8Sterlile 1.1
nl. pipeties were used to gecure the samples for mlicro-
blological exemination. For the other analyses performed,
1% was necessary on esach sampling occaclon to secure from

95 to 100 g. of cream, Sterile 100 ml, pipettes and 50 ml,



6l

burettes were found to be the most satlsfactory sampling

&sviaaﬁ;

Hedla and methods of enwmerating organism populations
A1l medis and reagents used in medla were secured from
the Difco Leboratories, Detrolt, Hich,

Enumeration of 8, lactis and total counts. Tryptone-

e

glucose-extract agar with 1 per cent sklm milk added, pre-
pared according to the American Public Health Association
(2), was used for enumeration of §. lactis and for all other
standard plate counts, Plates were incubated at 32¢ ¢, In
all instences where inoculated organism populations were
enumerated on. speclal media, duplicate standard agar plates
were prepared.

deast and mold counts. Potato dextrose ager prepared

according to Standard ¥ethods {(2) and acidulated to pH 3,5
with sterile 2 per cent tartaric azcld immedlately before
pouring, was used for all yeast and mold determinations.
The plates were lncubated at 285¢ ¢, for & oxr 5 days.

Enumeration of individuel specles of organisms in cream

contelning &, lactls and G, candldum and in cream contalning

8., lactls and T, cremorig. On standerd agar plates incubated

at 32¢ ¢, for 48 hours there wae sufficient difference in
colony appearance to distingulish 8, lactis from I, cremorils
or G. candldum,

Coliform counts. Desoxycholate agar prepared according
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to Standard Methods (2) was used for all coliform counts,
The sgar was boiled to accomplish solution, then placed in
final containers and steamed for 1 hour in the autoclave
wilthoutl pressure and stored in a refrigerator at 5e (,
Incubation of plates was at 37° C. for 24 hours.

Enumeration of B, lactis and A, aerogenes when grown

ag mized cultures. It was not always possible to differen-

tiate 8. lactis and A, aeropenes colonles on standard agar;

therefore, 8. lactis populations were delermined by sub-
tracting the coliform counts on desoxycholate agar from the

total populations on standard ager.

Enumeration of lactobacllli. L, casel counts were made
on & medium developed by Rogosa et al. (106) which adequately
gupported lactobacilli and inhibited most other organisms,

1% later wag obgerved that this medium supported mold growth,
but thls characteristic was of no consequence when inoculated
cream was examined, Prellmlnary trlals using three stralns
of L. gasel and three siralns of g. lactls demonstrated that
this medium supported growth af‘é.,gﬁgﬁg and inhibited
growth of 3. lactis. Plates were lncubzted at 32° €. for 72
hours,

¥numeration of 8, lactis and L. casel when grown ag

tis colonies were easily dlstin-

guighable from L, eagel colonles after growing on standard
agar for 48 hours at 32e (.

B, subtillg counts. A carbohydrate~free medlum contain-
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ing 0.3 per cent beef extract, 0.5 per cent peptone and
1.5 per cent agar was usged to enumerate B. subtilis. The
plates were incubated at 32° ¢, for 48 hours,

Snumeration of B, lactis and B, subtlllg when grown &s

mixed cultures. B. subtilis counts were made on the

carbohydrate-free medium, An attempt to fc;llw B. subtilis
populations in the presence of §., lactis on sgtandard agar
containing added skim milk was abandoned., 8. lactls com-
pletely dominated the plates and apparently reduced the pH
of the medium by carbohydrate fermentation to a polnt below
the growth tolersnce of B. subtilis. S. lactis populations
were seoured from standard agar plates incubated at 32¢ C,
for 48 hours. The coloiles were easily dlstingulshed from
B. subtilis. |

Enumeration of Ps. fragl, Standard agar contalning 1

part of crystal violet dye to 125,000 parts of agar was used
for the enumeratlon of Ps, fragl. The plates were lncubated
at 32¢ ¢. for 48 hours,

Enumerstion of :’%5 lactig and Ps, fragl wvhen grown ag
mixed cultures. The orystal violet dye inhibited 8, lactis

wlthout interfering with the development of Ps. fraegli., The
dye was alsc effective in inhiblting Gram-posltive organisms
when Gram-negative organianm céuata were performed on
commercial raw cream, 8. lactis counts were determined by
subtracting the Fs. fragl populations on the dye~contalnlng

plates from the total populations on the standard agar plates
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which were incubated at 32¢ ¢, for 48 hours.

, In determining the optismum level of orystal violet dye
to use for inhibiting 8. lactls in the presence of Ps. fragi,
concentrations of 1 to 1000,000, 1 to 111,000, 1 to 125,000,
1 to 142,000, 1 to 165,060 and 1 to 200,000 Wm tried, Ps.
frapgl grew wlth no spparent 1nhi%i%ibn at all concentrations,
Some $. lactis growth occurred at 1 to 142,000 but none at 1
to 125,000,

4&&pelxggﬁ‘aa§mt§. Lipolytic counts were performed by

the modified nile blue sulfate technigue of Long and Hammer
(81), with standard ager plates contalning fat emulsion
being flooded for 30 minutes with nile blue sulfate contain-
ing 1 part dye to 1,500 paris dlstilled water. The plates
were rinsed with water, incubated a few hours at U5e €, and
the colonles surrounded hy‘blme‘fat globules enunerated with
the ald of a magnifying lens,

Proteclytic counts. FProteolytic counts were performed

by enumerating those colonles which produced proteln
hydrolysis on stendard agar plates containing 0.6 ml, of

sterile skim mllk added at the time the plates were poured.

Anslyses of samples ,

Titrateble acldity, »H and organoleptic values were
determined within a few minutes after the samples were
secured., BSamples for tryptophan and W.I.A, deltermination

were prouptly welghed into l-ounce bottles and refrigerated
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until analyses could be performed. The tryptoy&anhaamplaa
were gtored at 0° ¢, and analyrzed as soon as possible,
usually the following day, but in no instance were they held
lamg@r'than 1 week, 7The sgamples for W.I.A. were stored at
~36§ C. and analyzed as soon &8 possible, with aﬁalygea
usually ammylﬁﬁé& within 10 to 15 days. In no case were
these a&mpl&ﬁ.halﬁklegger then 1 month, |
Titrateble acidity. Titratable acldlty was parfcrm@&

on 9 g; of oream using 0.1 § NaCH and ten drops of 1 per
cent alcoholie phenolphthalein., Nine nl, of dlstilled water
was used to rinse the pipette,

Organoleptic examinatlon. Organcleptlc examinatlion was

made on all samples at the time they were wlthdrawm for
analysis., Appropriate numerlcal &nﬂ letter scores and
eriticisms were recorded, ,

 M.I.A, Water-insoluble acld detorminations were per-
formed according to the A.0.4,C. Hethod (8). A1l glassware
was thoroughly cleaned and then rinsged with petroleum ether
to avold the possibility of picking up any ¥.1.A., during
analysis., All results were galéulated and reported as mg.
of W.I.A, per 100 g, of fat.

As & check on the efficiency of the methed, regovery

experiments were performed using olele, stearlc and palmitic

acids which were dlssolved in ether and added to the oream,

and routine determinations performed., The results are shown

in Table 1.
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Pable L

Per cent water-insoluble acld recovered when knowm
quantities of olele, stearle and palmitic acids

were added Lo eoream

%“‘fﬁzﬁﬁ‘b in

Acld added  Total W.I.A.

0.5634 G,éﬁm 0.52488

original {g.) ¥.1.A, recovered féiéﬁéreﬁ
orean present (g.) {2
Ag) {g.)
Olelc acld added

0,0130 0.1801 . 0.1931 0.1941 iao.ﬁ
0.0130 | 0.3118 0.3248 0,3132 96,4
0.013%0 0.l4gs7 0.5087 0.4086 98.0

| ﬁtearia &a1& added
0. 046 0.0369 0,0815 0.0781 1@6.9
0.0446 0.126M 0.1716  0.1638 95.8
0.0446 0. 44k2 o.iggs - 0.uh73R 91.5

Palmitic acld added

0.0Uk6 0.066% 80,1111 0.1137 102,3
0,046 1591 0.2037 0.1952 95,9
0. 0H46 86.3

AGonsiderable difficulty was experienced in filtering
these two samples because the W.I.A, content was so hlgh it

caused cloggling of the fllters,
would suggest the loss of some W.I.A,
approximately 0,5

Thﬁ low percentage recovered
The semple contsining
g, of oleic acid filtered more slowly than

moat samples but 4id not clog the filter mat as much as the
corresponding cuantity of stearic and pslmitic acids,
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Medium fritted glass filters were tried in place of
asbestos mats in Gooch cruclbles for filtering the W.I A,
and gove comparable analytical results, with a little more
rapid filtration, but fritted glass filters were not avall-
able in sufflclent numbers, hence were not used,

Free tryptophan, Free tryptophan determinations were

performed according to the method of Duggen (32). There
mist be no delay in analysis procedure between the additlon
of acetone and the initial filtration, High free tryptophan
values result AL the acetone is allowed to remaln in contact
with the original sample for an extended interval prior to
centrifugation and filtration, This was encountered
accidentally when an Interruption necessitated a few hours
delay at this stage during analysis and was demonstrated by
repeated trials, |

in casgeg where high free %%yyta@h&n values were
anticlpated, the color was developed on a smaller allcuot
portion of the filtrate, using 1 ml. rather than the usual
2 ml, The greater the guantity of fryptophan in the sample
being analyzed, the greater the intensity of color and the
greater the time required fmrvmﬁﬁimum color development,
The more intense ¢olors offered greater opportunity for
error. In working with tryptophan solutlons of known
strength while making the standard curve, it was found that
ag much as 20 minutes was required for maximum color develop—-

ment in solutione containing 30 to 40 microgrems per ml,,
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and 30 minutes for solutlions contalning 50 or more microgrems
per ml. Bince the free tryptophan in the 2 ml., portion of
the filtrate normally dsed for color development represents
the equivalent of approximately three times the tryptophan
content of the serum of the c¢ream (formula conversion), it
w&s'fmun&Atﬁ be advisable to take 1 ml, aliquots for color
&@V&l@pman%‘whan tryptophan values in excess of 10 to 15
p.p.1, in the serum were anticlpated, However, thege are
higher values than ﬁérmally encountered in samples of milk,
cream or butter, It was found that once maximum color
intensity was attained, the color was stable for W0 to 60
minutes, In all ocases care must be exerclsed to assure read-
ing the sample at maximum color lntenslity.

Particular care mist be taken to avoid rupitured filter
paper or any other condition whioch permits protein ln the
Tiltrate. CQConcentrated hydrochloric acld ls added ginmul-
%&ﬁ@ﬂuﬁly‘with the indicator reagent in developing the color
and any protein present may be partially hydrolyzed, result-
ing in a false, abnormally high value, 4

 In performing the tryptophan analysis on butter, the
Duggan {32) maﬁha& cont1hually yielded results lower than
the value of the crean from which the butter was made, The
resulte were reasonsbly consistent. In serutinizing the
formula for the calculation of tryptophan, it was ocbserved
that the ﬁﬁlﬁlgfnthﬂ butter 1s included in the serum containe

“ing the trygﬁaph&ﬁ. Also, while it is customary to consider
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butter as contalning 60 per cent fat, some samples contaln
substantlially more than 80 per cent fat, When the tryptophan
content of butter was calcoulated énytﬁa basls of the actual
serum content 100 - (fat + salt) , the resulting values
more tlosely approximated those of the original cream, Even
then the agreement of results must be congldered to be more
or less fortultous bﬂﬁﬁﬁﬁﬁ some of the serum fraction in
butter arises from water u&ad’f@r washing, part of which 1s
subzequently wm?k@& into the butter.

Colors were me&é&mﬁ.an a Klett-Summerson colorimeter,
using & K.5. 54 filter which has trensmlsslon limits of 520
to 580 millimicrons., A standard curve was prepared for
determining values. The followlng formula was used for
calculatlon of resultas:

Ax B
D.p.0, = - *@*
PP g x (I700 = F)
A = Net micrograms of free tryptophan in the aliquot

determined from the standard curve.

B = Total milliliters of sample sclution,

¢ = Milliliters of alicquot used (usually 2 ml, but
rﬁ&ﬁea& to 1 ml, when high values were anticipated).

g = Gramg of original sample {25 g, of cream and 50 g.
of butter).

F = Per cent fat plus salt in the sample, expressed
as decimals (in analyzing butter in this work, the
salt was also added to the fat). |
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To prepsre a standard curve for converting colorimetric
readings to free tryptophan values, dlgtllled water solutions
of g&atryptaph&n were prepared by dlsselving 10 ng, of
giwtrygteph&n in 100 nl, of ﬁiﬁ%ill&ﬁ water to make &
solution conteining 0.1 mg, per ml, Flve separate solutlons
were prepared, two using dletilled water at room temperature
and shaking vigorously for 3 or 4 hours as tryptophan is
dlfficult to dissolve, and three by heating to 70° C. and
holding for 5 minutes with continuous agitation, Determined
values of free tryptophan in the heated solutions were
identieal with those of the upnheated solutions, In each case
the solutions were diluted to give & second sclution containe
ing 0.01 mg./ml, The solutions were kept under refrigeration
at 5° G., and in no case was & standerd solution used which
was more than 3 days old,

The routine procedure for @@velapﬁent of color and
trypte@hag analysis was performed on porticns of each of
these solutions representing & range from 1 to &0 meg, of
free tryptophan., Twenty-two polnts along the range were
designated for determination, with 12 of the points belng
at valueg renging from 1 to 20 meg. and the remelining 10
points being between the range of 20 to &0 mcg, of free
tryptophan, Figure 1 is the graph used for celculating
free tryptophan values,

The five determinations for each designated point,
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one ﬁ@t@rmin&timﬂ for each solution, were averaged and the
stendard curve plotted on these points, The determined
values of the different solutions and of duplicate samples
from the same solution consistently checked within 10 per
aén@.

A 5 pl, microburette wag used for dlspenging the
tryptophan solutions except in instances where less than
0,5 ml, was required, in which cazses & graduated 1 ml,
pipette was used, Iuggan (32) recommended reading samples
of tryptophan extracts 25 minutes after additlion of color
developing reagents and 10 minutes after addlition of glacisl
acetic acld and hydrogen peroxide, However, Duggan pointed
out that samples containing high concentrations of free
tryptophan may require longer for maximum color development,
Ag previously noted, 1% was necessary, with the high values,
to repeat readings after 20 and gometimes after 30 minutes
to &saﬁre reading at maximun color intenslty, In each
trial, blanke contalning 2ll reagents, but no tryptophan
‘solution, were prepared and the colorimeter reading adjusted
to zero with these blanks,

& golution af'gwtryyﬁoph&n wag prepared and analyses on
this solution were’faunﬁ to correspond ldentically with
equivalent q&aﬁt&t&ea of solutionsg of gﬁ»tryytﬁphan, This
was done to obtain assurance thet both forms of tryptophan

were equally responsive in color development,
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Recovery trlals were performed in order to assure the
agouracy of the method, Known portlons of a solution of
free tryptophan werve added to skim milk and %o cream, the
free tryptophan content of which had previously been
deternined, The samples were analyzed in the routine manner,
Tables & and 3 show the efficiency of recovery. In regard
to the recovery trials involving ekim milk, 1t should be
pointed out that skim milk samples are more easlly and
probably more accurately analyzed than cream samples because
there is no interfering fat to retard the first filtration,
although the data in the two tables do not entirely support
this agsumption. In the recovery samples containing more
than 10 nmeg. of free tryptophan, color was developed on
smaller aliquot portions of the sample in order to increase.

agouracy by reducing the color intensity.
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Table 2

ptophan recovered when known quantities

7
to grade A skim milk containing 0.2 p.p.m,

of free tryptophan
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Table 3

Per cent %Lwtryptcphan recovered when known quantitles

were added to cresm contalning 2,4 p.p.m.
of free ftryptophan in the serum

gample Tryptophan  Total Tryptophan  Tryptophan

number added o tryptophan recovered recovered

the serum present in from the from the
{p.p.m,) the serum serum serum

; - (ppm,)  (p.pm) (2
1 0 2. 2.4 S
2 1.0 3.4 3,2 ol 1
3 2.0 hoh 4.8 109.1
I 3.0 5.0 5.1 gl 8
5 4,0 6.4 6.6 10%.1
6 5.0 7.4 7.0 gk, 6
7 8.0 10.4 10.2 98.1

8

10.0 124 11,2 93,2
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RESULTS

Bxplanation of Figures

Semples of cream were prepared, sterilized, inoculated,
gamgleé and analyzed accordlng to procedures previously
desoribed, |

Graphs are presented to illustrate the variations in
sach of the values determined during the incubation period,
The followlng legend prevailes throughout the entire serles

of flgures:

8. lactis count ., . .P Beore . .+ . . . . .O
Titratable acidity . . © Tryptophan . . . . ©

z}ﬁ‘runnnai . » o+ A

In all figures, except the last three which apply %o a

group of commercial saum

-

les, countg, acldity and pH are
plotted on one fig%re,'wiﬁh‘W,i.&., tryptophan and score .
plé%%@&-an another figure, Three incubation temperatures,
10, 20 and 30* €., were used with ecach group of samples.
Therefore three separate sets of graphs, ime reprecenting
each temperature, are shown on sach figure except in two
instances where values were so large that only two graphs
could be placed on one figure.

In aanétbuaﬁing the graphs, time in days ranging from
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0 to 10 is shown on the horizontal axis and values of the
various quality factors determined are shown on the vertical
axls, A common denominator was determined for the values of
all of the various factorsg considered in order to enable the
deplotion of several cuality factors on one graph and thus
avold the confusion of %too many graphs,

In plotting microorganism population, the logarithms of
the counts are used throughout,

pH is plotted at the actual numerlcal pH value.

In plotting tiltratable acldity, one scale unit equals
0.1 per cent., For example, 0.45 per cent is plotted as k.5,

Free %tryptophan is plotted as one seale unit equal to
1 part per million or 1 microgram per graam,

In plotting the W.I.A. values, one scale unlt equals
100 mg. of W.I.A. per 100 g. of fat. For example, a W.I.A,
value of 1,050 is plotted as 10.5.

On the verticsl scale mogt of the values fall between 0
and 15, with occaslcnal high values extendlng beyond this
maximum and one extremely high value extended to £3. The
graphs are constructed to best deplct the bulk of the data.
In the case of some unusuelly high values 1t has been
necessary to indlcate off-chart extensions beyond the
boundary of the graph,

Organoleptic grade is indleated on the right slde of
each graph on the perpendicular scale, The U,.8.D,A, letter
grading system is used with grades descending from AA to
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H.G. A brief explanatlon of this gr&&ihg gsystem follows.
Grade AA corresponds to 93% score sweel cream, A is equiva~
lent to 92 goore sweel cream, B represents 90 score sour
cream and C corresponds to 88 score sour cream, These are
the marketable grades. In addition, C.G. represents cook-

ing gradel and N.¢, indleates no grade, 4All cream used for

culture inoculation in this work was grade AA at the time
inoculated, |

Analyses of Controlse

Before @?ﬁﬁ@ﬁﬁiﬁ% with inoculated samples it was deemed
advisable to follow the progregsion of the various fermen-
‘tatlon factors in a @rﬁlimin&ry control sample which was
prepared, sterilized, incubsted and sampled in exactly the
same manner and analyzed for the same guality factors as the
subsequent inooulated samples. The results for each of the
three incubation temperatures are shown in figure 2, There
was no microorgenism growth or significant change in pH,
titratable acldity, W,I.A,, tryotophan or orgenoleptic grade
at any of the theree incubation temperatures during the 10-day

lgince completion of this work the U,8.D,A, has announced
a new grading system effective April 1, 1954, which eliminates
cooking grade, but which leaves sll other grades fundementally
the sane, |
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10°C. ® V.I.A. (each scale unit equals
100 mg, /100 g. fat)
4 A
1 ® Tryptophan (each scale uait
“ L—-ar—————hr-«—w——smw_,__-_.: 5 ' equals 1 p.p.m.)
5l ® Titratable acidity (each scale
' unit equals 0.1%)
4 {c¢
3 O Grade (U.S.D.A.)
> —— 0 ¢ —@ @
2 4Co A pH
I 5. — QB B IS
A 1 'l 4 1 LIn

?
1
*

AR 10 e i > —0 OlAA
4 20°C. 3 30°C.
3 A ?
T, 7
L—‘——-—H——-—ﬁ————~——~——ﬂ g
6 1B 6 -8
5t 5k
4 1C 4 +4C
3 ./.-——.\_._____.__'_____..__q 3
o — o o——
2 4C5 2 C
S fo—e 20 yos O
. —" TSR T S —
L L ‘n J; i 1‘ i1 2 A k 4 I‘JG 6 4 n ] 1 I} A I} 4 N IV
I 2 3 & 5 6 7 8 9 O Il 2 . 3 4 5 6 7 8 9 10
DAYS CAY S

Fig. 2. Control. W.I.A., tryptophan, titratabdle acidity, grade and pH
values on sterilized, uninoculated excellent quality cream.
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holding period, The resulis of this preliminary control
established that intermittent heating, as performed,
accompllched complete organlsm destructlon and lipase and
protease inactivation., It was therefore assumed that any
yahmmga in tltretable acidlty, pH, ¥W,I.4,, tfyg%ophan or
score values which occurred in simllarly prepared samples

probably would ocour as a result of organlsm inoculation,

Companion controls on inoculated samples

Throughout the subsecuent research invelving inoculated
gsamples, uninoculated controls of the same aﬁ@filima& cream
were incubated at 10 and 30 €, for 10 days, These two
portions were sampled &nﬁ analyzed for al1 quallty factors
being determined, followlng sterillzation and lmmedlately
befiore being glaéaﬁ;&ﬁ th@ir'raapaativa in@ub&ﬁion temper-
atures., The results constituted duplicate initial analyses
representative of the entire group of cream samples, The
average of these duplicate results was recorded on the O-day
value for each factor for the entire group of samples, The
eaﬁtr@ls were left undisturbed at thelr assigned in@ubaﬁian
temperatures for the 10-day incubation perlod, after which
they were again sampled ana analyzed for all faotors studied.
There was only one instance in which & signlficant change
occurred in eny factor in the controls during the incubation
perieod, 1In ihig cose all the results were dlscarded and the

geries raﬁ&ake&,'ia order to eliminate from conglideration
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the pogeibility of results belng influenced by any factor
not induced by the ilnoculated orgenisms,

 There were instances in which undesired contaminating
organisms were detected in ané of the inoculated ssuples
during the incubation period, In all such cases the results
were discarded and the entlre program of analyses on the

particular series of samples was repeated,

7y

Analyses of Inoeulated Samples

| It was possible to perform the analytiecal work on a
maximum of six individual samples belng lncubated at any
one time., Three samples consgtituted a gr@ap; therefore
two groups of samples from the same original cquantity of
cream were palred and inaubaﬁaﬁ gimiltaneously. The first
palr was the contrel group and the group inoculated with G.
candidum. The next palr was a group of samples inoculated
with 8, lactls and a compaplon group lnoculated with 8.

laetleg plus G. candidum, Throughout the remainder of the

work on inaanl&téﬁ samples the arrangement wag continued
whereby one group of samples was lnoculated with the
particular orgenlsm whose activity was belng determined and
a companlon group of samples from the same original portion
of cream was inoculated with the organlsm and also with S,
E&Qtia, This arrangswent agsured uniformity betwsen the

parallel or companlon groups of cream samples and also
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minimized the number of controls necegsary,

Sterile oream inooulated with G, cendidum

Pigure 3 shows the changes induced in population,
titratable acidity and pH as a result of inoculating
sterile oream with ¢, candidum and lncubating at 10, 20
and 30 ¢, The population increased falrly uniformly, with
the most rapld rate and the highest maximum occurring at
20e ¢, There was virtually no change in acldity or pHE at
10e ﬁ!, but at 20 C, there was a moderate increase in
titratable acidlty beginning on the fifth day and a corre-
gponding elight drop in pH. A% 30* C, the tltratable
acldity development was moderate through the seventh day
and then an abrupt increase ocourred accompanied by a
moderate decline in pH.

The changes in W.I1.A., tryptaph&n and sgore attributable
to G. condidum are illustreted in figure 4%, The graphs show
a definite correlation between W.I.A, lncrease and deterlo-
ration in organoleptle quality., Also, W.I.A, increased
enormously as the temperature inereased, wlthin the range
studied, G, candidum was by far the most lipolytle organism
encountered, ag éviﬁaneeﬁ by high W.I.A. values. The minor
tryptophan fluctuations are of no consequence with the pro-
nounced inerease at 30° O, cecourring after the cream had

deteriorated to N.G.
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Fig. 3. Titretable acidity, pH and counts of G. candidum in cream
containing this organism. ‘
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Flg. 4. W.I.A., tryptophan and grade values on cream containing

G. cendidum.
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Sterile cream inoculated with S, lactis

Figure % shows the changes which occurred in population,
tltratable acldlty and pH when a freshly isolated straln of
8. lactls was inoculated into sterile oreanm. ?empéraﬁnra
hag a declded effect upon 8, lactls populatlon during an
extended incubation period., At 10° C, the count increased )
uniformly through the fifth day, after which 1t leveled off,
remaining high and virtually atation&ry; In ﬁﬁl&yé@ responsge
to orgenism population, titratable acldity inara&sﬁd and pH
ﬁecre&ge@yﬁhraugh the seventh day and then leveled off, 1In
the 20 €. aém@le the population and titratable acldiity
inereased and the pH decreased abruptly on the first day.
After the third day the population began & gradual decline
and titratable acidity and pH remained fairly constant. The
greatest change also took place in all three factors during
the first day in the 30¢ ¢, sample, after which the count
dscreaged gnifarmly but markedly throughout the remalinder of
the incubation period. The pH changed only slightly after
the first day and the titr&t&bia acldity gradually increased
through the seventh day, |

The manner in which W.I.A., tryptophan and score re-
sponded to 8. lactis ie shown in figure 6. The trend of
the W.I.A, values shown on the graphs 1s of no consequence
in quallty, however, unifornlty of pattern seems to be

slgnificant. At all three temperatures & maximum occurred
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at § days, followed by a deflnite decline and a subsequent
slight inorease. On the first day a glight decrease is
barely perceptible in the 10 and 20° ¢, curves, but a
definite decresse is apparent in the %0° C. curve. The
fluctuations are beyond the normal range of analytieal

error and must have occurred in regponse to some condition
existing in the inaﬂmlatéﬁ cream, Also of particular
interest is the uniform patiern of the trygtophaﬁ curve atb
all three temperatures. In each sample the increase was
gr&@a&i t@‘thﬁ third day, greater to the fifth day, followed
by a uniform decline to the approximate initial value on the
tenth day, As in the case of the W.I,A, variations, these
fluctuations also must be a%ﬁribmteﬁ to some influence
regulting from B, lagtis inoculatlon of the cream. The
decline in oquallity at all temperatures seems to be related
to increases in §, lactls population and changes in
titratable acidlty and pH. Organcleptic deterloration was
more rapld at 30 and 20° €. but terminated with C.G. at all
three temperatures on the tenth day.

Sterile cream inooulated with §. lactls and G, candidum

The changes maaurr&ng‘in'arganism counts, tltratable
acldity and pH when gterlle cream was lnoculated with 8.
laetig and G, candidum and incubated at 10, 20 and 30° C,
are shown in figﬁr@ 7. & comparison of figures 3 and 7
reveals that the presence of 5. lactls exhlblted practically
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O S. lactis (log of count/ml.)
o 8. gandidup (log of count/ml.)
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7
Fig. 7. Titratadle acidity, pH and counts of S. lactig and G. candidum
, in cream containing both of these orgenisms.
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no influence on rate of increase or maximum population
attained by G. candidum, the mold count curves being almost
ldentical at each temperature on the two figures., However,
a comparison of figures 5 and 7 indicates that while the
presenge f}fﬁ‘ gandidum Jdid not affect B, lagtis population
at 10e C,, the presence of the mm definitely diminished
the rate of 8, laotls deeline after the first day at 20 C,
mﬁ\tm third day at 30e O, At 20° C, the 3, W
population remsined approximately astationary after reaching
maximum the firest day. In the 30° C, sample there was a
moderate aésmm in 3. lacgtis aauﬁﬁ from the first to the
fifth day, at which point the decrease was arrested and
there was & slight secondary increase,

A further comparison of figures 5 and 7 shows that the
titratable ‘mm&ftzy curves produced by the two organlems at
10 and 20® €, correspond to the acldity ocurve of 8, lactis
alone, ﬁwa%r, at 30° C, the mold obviously exhiblted en
inhibiteory effect on the acldwproducing ability of 8. lactis
because me maximum titratable acldity attained is lower
than developed by 8. lactis alone. A comparison of
titratable aciditles in figures 3 and 5 suggeste that 5.
lagtls slightly inhibited the &,eiémpréﬁmixxg ability of .
candidum at 20° C. and materially inhibited 1ts acid-producing
ability at 30® O, This curtailment of titratable acidity,
ywﬂmmﬂy at 3@5 C., probably was due to the greatly
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decreased W, I.A, formation @?.§~ candidum in the presence
of 8. lactis as indicated by figure 8, A comparison of

the pH curves in figures 3, 5 and 7 shows that the pH chenge
ooourring 1n’thﬁ presence of the two orgenlsms is almoat
entlrely in response to, and dominated by 8. é&gﬁ;g.

Filgure & shows the changes in W.I.A., tryptophan and
score occurring &s a result of incubating sterile cream
inooulated with 8. lactls and §. candidum. A comparison of
the W,I.A, curves in Tigures 4 and & indicates that 8. lactls
has & pronounced inhibliery effeoct on the abllity afag;
candidum to produce W.I,A, 4t 10° C, the W.I,A, increased
only slightly in the presence of both orgenisms and attained

a maximum value of 234 at 10 days, whereas the maximum value
produced by ¢. cendidum olone at the same time and temper-
ature (figure 4) was 1,027. At 20 and 3G§ C. the W,I.4. |
curves {figure 8) show an unusuel response to the combined
activity of the orgenlsms, ?h@ rete of increase up to the
third day was only slight, then quite pronounced to the
Pifth day, followed by & subetantlal drop at 20 €, and a
moderate drop at 30« ¢, on the seventh day. After the
seventh day there was an lncresse of conslderable magnitude,
Attention should be focused to flgure 6 which shows the
¥.I.A, curves produced by 8. lactis alone, A% all three
temperstures there wee a decrease in W,I.A, between the
Tifth and seventh day, which wﬁs followed by & slight
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secondary increase, Apparently 8. lactis was responsible
for the decreases shown in figure & at 20 and 30¢ C, on
the seventh day.

In figure & the pattern of the curves representing
tryptophan values indicates that 8. lactis was the deminant
orgenism and G, candidum did not participate in proﬁgmlytie
activity. The tryptophan aurvés in figure & follow the
same general trend but differ slightly from the tryptophan
curves in figure 6, In figure 8; the 20 and %0° C, curves
show an ingignificant but uniform fluctuation. At all three
temperatures the curves begin ascending on the third day and
reach a maximum on the seventh day. Then they decline
rather sharply to a lO~day value approximetely equlvalent
to the initial value, The same pattern prevails in the
three graphs in figure 6, except the maximum value 1g
attained on the fAifth day and the rate of subsequent.
decline is slower, but the total decline ls the same,
Obviously the fluctuating free tryptophan values must be
attributed to 3. lactis,

The orgenoleptic guality decline indicated in figure 8
seems to be closely related to the inltlal population
increase of %h&‘tww organisms end to the titratable acldity
and pH change shown in figure 6. However, after the third
day there was also falrly close relatlonshlp between

organoleptic deterioration and ¥W,I.A, and tryptophan increase,
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Sterile cream inoculated with 8, lactis (I,3.C. 712)

A gtraln of 8, lactlg secured from the Towa State
College Dairy B&mﬁ@riﬂlagy Laboratory aeaignate&‘aé strain
712 was inooulated into sterile cream and the routine
analyses were performed, Although an attempt was made to
invigorate ihis organism prior tgyineeulatian, 1% was found
to be & slow f@rmenﬁing orgenism, which is evidenced by the
titrﬁt&ﬁle acldity and pH curves on flgure 9. The acld
production potential for this strain is much weaker than
is normal for 8., lactls. A comparison of the g, ;ﬁgggg,
population curves in fipures § and 9 shows that the 712
gtrain attained lower maximums, showed no deecline at 20° €,
and much less decline at 30¢ C, than the more vigorous
freshly lsolated strain of S. lactig. One reason for includ-
ing the data on tﬁ@j?la strain 1s to show the similarity
between the W,I.A, and free tryptophan curves produced by
the two strains of 8. lactis. In the case of the lese
vigorous 8. lactie strain (figure 10) the increase in
tryptophan from time of inoculation until the fifth day
wag only slight, Then there was an abrupt increase to the
gseventh day followed by an abrupt decline to the tenth day,
with the general pattern being uniform at all temperatures,
The more vigorous straln of 8, laotis followed the same
pattern &xﬁﬁytnthﬂﬁ &aa&lar&ﬁed.inara&ﬁe‘began on the third
day end the decline began on the fifth day.
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The curves representing the W.I.A., values in figures
* 6 and 10 do not follow the same pattern, but it seems
important to note that at all temperatures on both curves

& decrease in W.I.A, wvalue cccurred at some time.

Sterile ar%aw,inaauéﬁggﬂ with 8. laﬁgiﬁrfiuﬁ.C.,7lgl>%§§
G, candidum

The weak §. lactls straln was inoculated inte oream
along with &. cendidum end the resulls are presented

primerily for comparison with similar cream samples

inoculated with the same strain of G, candidum end the
more active . lactls. A comparleon of figures 9 snd 11
shows that ¢. candidum tended to retard the rate of popu-
lation increase of strain 712 at 20 and %0 €. and also
restralned the subsecuent rate of decrease at 30° ¢, The
characteristic of G. cendidum in minimizing the rate of
decrease of 3, lasctis le evident when figures § and 7 are
compared, |

The uniform tryptophan curves previously observed in
figures 6 and 10, which ﬁ@pict the result of inoculations
with 8. lagtis only, are agaln evident in figures & and 12
which represent inoculations with both 8. lactis and ¢.
candidum, The aceumulation of evidence illustrated by the
tryptophan curves at all three temperatures on these four
figures further emphasizes that the fluctuation of free
tryptophan values represents normal 8. lactis activlity in
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creaum,

A study of the W,I.A., values in figures 8 and 12
readily reveals the inferior abllity of the weak strain of
S. l&at&s $a inhibit the lipasge of G. cendidun. In the
presence of 5. lactis ?l&,,@,kq&aﬁl&um‘prm&ues&‘graat&r
 W.I.A, values than when inoculated alone. This clroum-
stance should be interpreted as & coincldence and not as
adaitional lipolysis attributed to §. lactis. However, the
weak §, laectis strain maintained the pH at about 6.0 for an
extended pericd which seems favorable for the lipase of f.
candidum, The more vigorous 8, lactls culture reduced the
pH low enough to partially inhibit the lipase., Another
feature of the W.I.A, values shown in figures & and 12 should
be observed. At both 20 and 30e C, a decrease in W,.I1.A.
began on the third, fifth or seventh day, depending on the
temperature and the vigor of the 8. &gﬁﬁiﬁ culture. Because
of previous decreases in ¥W.I.A, encountered in the presence
of 8. imctis and the absence of such decreases when G.
candidum ie alone, it seemg reasonable to attribute these

decreases to an activity of 8. lactis.

sﬁarﬁlevgyﬁ&m;agﬁtaiﬁ&ngf&&ﬁ§é gleioc acid and inoculated with

B, lactis

The recurrent tendency Qfgﬁ,ylaati& to cause a Jdecrease
in W.I.A, wae conslidered worthy of investigation, especlally

since the decrerse wag observed with two different stralins as



105

indicated in figures 6 and 10. Decreases also were encouns
tered in resulis not reported in this work. A welghed
guantlity of olele acld was dilssolved in a small amount of
ether and transferred to cream which was subseguently
gterilized by the routine method, The amount of olelc acild
was celoulated to be 576.8 mg. per 100 g. of fat., Upon
analysis the init&&l‘w.z;ﬁ, values prior to inocculation were
determined to be 859, 864 and 846 for the 10, 20 and 30e C,
sanmples, reape@%iv@ly, The a@mpl@ﬁvweye then inoculated
with 8. lactis and the ensuilng changes whilch occurred in the
W,I,4. values are indicated in figure 14, A consistent
decrease extending through th@‘fifth day occurred at all
three temperatures and was followed by a slight rise to the
seventh day, The W,I,A. value in the 20° C. sample on the
B@vénth day is inaanaiﬁﬁént with the normal paﬁﬁarn and is
suspected of belng an analytical error or undetecled con~
tamination by}& lipolytic organism. The amounts of W.I1.A.,
in mg, per 100 g. of fat, whieh disappeared ﬁuring'th@
interval from 131@&&1 inoculation to the fifth day were 211
at loe 6;, 143 at 20e ©, and 148 at 30° ¢, These %ﬂﬁﬁtitleﬁ;
together with'ﬁravimasly indicated smaller decreases, are
sufficlent to justifly a conclusion that 2. lactis utillzed
W.I1.4, _ |
Tryvlophan and score values also were followed and are
indicated in figure 14, The increase and subsecuent decrease

in free tryptophan which appeared at all temperatures has been
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noted yraviausly,aéd seems to be & normel response to 8.

lactis, However, in the presence of oleic acid the

fluctuation oceurs earlier in the time cycle than pre-

viously and in this case is followed by & secondary

increase which heretofore has not appeared, ‘
FPigure 13 shows normel response of organism populatlon,

titratable acidity and pH in the cream containing added

oleic acld, The presence of the additional oleic acid showed

ne inhiblitory effect upon 8, lactig activity,

Sterile cream inoculated with T, cremorig

Changes occurring in orgsnism population, titratable
acldity and pH when T. cremoris 1s inoculated into sterlle
cream are shown 1n Iigure 15, At 10° €, the organism
increase was moderately slow, attained maximum on the fifth
&ay and then remained stationary. A% 20 and %0° C, the
inerease was more rapld, reached maximum on the third day
and gradually declined; however, at 30° O, there was a
secondary increase after the seventh day. The Aincreases
and subsequent decreases in tltratable acldity at 20 and
Z0* €, are due %o gas accumulation which began to diminish
after the third day. )

Score, W,I.A. and tryytaph&ﬁ,v&lues are shown in
figure 16, At all temperatures the W,I.A, values show &
general tendency to increase, although there is & uniform

slight decline on the third day, The tryptophan valuse
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decreased uniformly at all temperatures on the first day
and then gradually ascended throughout the remainder of the
incubation period, The orgenoleptic deterioration of the
cream was so rapld that né W.I.A, mr«tryptophﬂn‘flumtuatians

of conseguence occurred ﬁuring its commerclal life.

Sterile cream inoculated with T, cremoris and 5, lactis

The changes in organism population, titratable aoldity
and pH securrﬁng‘whenlg.Vl&cﬁ‘a,an&_g. gremorig are inocu-
lated into sterile cream are recorded in figure 17. 4 com
pardgon of filgures 15 and 17 indicates that the presence of
8. lactls 4id not seem to exhiblt a signlficant effect on the
population of I. gremoris at 10°¢ ., but showed & marked
inhibition at 20 and 30¢ €, Also there was a lag in the
growth rate of I. cremoris, with the maxlmum population
oceurring later when 8. lactis was present. The tiiratable
acldity fluctuations reflect the influence of boﬁh.arg&niﬁma,
with the late decresges apparently due to diminishing gas
“retention., The pH did not drop as low as normal for a culture
containing . lactls, suvggesting that I, gremorls interferred
with the acld-producing ability of §. lactis, although the
growth curve of B. lsctis does not reflect any inhibitory
influence on cell populatlon,

Pigure 18 shows the influence of 8. lactis snd I.

cremoris on W,I,A,, tryptophan and score. A comparison of
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S. lactig and T. cremoris.
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the W.I.A, curves in flgures 6, 16 and 18 show that the
tendency of T. cremoris to cause a slight early lncrease

in W.I.A. is more dominant than the inclination of S. lactis
to cause a decrease during the corresponding period, The
early slight decrease ln tryptophan caused by I. cremorisg
alone also cccurred when the yeast was grown in assoclatlon
with 8. lactis. W.I.A, and free tryptophan values did not
increase to quantities of any consecuence at any of the
three temperatures., At 20 and 30° C,, addltion of §. lactls
did not alter the rate of organoleptic deterioration induced
by I. cremoris. However, at 10¢ C. 8. lactls exhiblted a
significant protective effect on the quality, even though
the population attained by T. gremoris in the presence of

8. lactig was approximately %hé same as when unaccompanied,
The quallity factors plotted do not show any reason for the
superlor flavor of the 10¢ {. cream containing both
organisms as compared to the 10° ¢, cream contalning only I.
cremoris, but in the former the yeasty flavor was much less

intense and the body was less foamy,

Sterile cream inoculated with Ps, fragl

Changes occurring in couﬁt, titratable acldity and pH
as a recult of incubating sterile cream inoculated with
Pg. fragl are shown in figura 19, Maximum population was’
attalned on the third day at 10 and 20¢ (., and on the firast
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day at 70® G, Algo it ig significant that there was no
apprecilable population decline throughout the ilnoubatlion
period, The greatest maximum population was attained at
20® (,, and the maximum at 10¢ €, was grealter than at 30
C. Both the titratable acidity and pH curves show the
same pattern at all temperatures.

W.I.A., tryptophan and score values are plotted on
figure 20, The inereases in W,I1,A, were the most signifi-
cant feature of Ps. fragl action, After the third day the
increases wéra exﬁr@maly abrupt at all three temperatures
and at 10¢ O, thls arg&ﬁism wag even more lipolytic than G.
amﬁﬁi&um. The flaataati@ﬁg in the tryptophan values in the
early daye of the incubatlon period lack uniformity, The
Z-day, 20° C, sample was ao&id@ht&lly destroyed after it
was too late to secure another., After the third day at
30¢ €, and after the fifth day at 10 and 20° ¢, there was &
pronounced increase in free tryptophan at all temperatures,
with a subsequent decline occurring after the seventh day.
The greatest degree of préteelysia ocourred at 10 and 20 (¢,;
however, this may be due to protease inhibltion by the
extremely high free f&tﬁy acid accumulstion at 20 ¢,,
rather t&aﬁ low temperature pr@ferénae of the protease,
Although Pg. fragl le noted for ils 1igﬁlyﬁi¢ activity, it
also was one of the most proteolytic organisms studied.
Organoleptic deterioratlion seemed to be more closely related

%o increases In W,I,A. and free tryptophan than to any other
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factor considered,.

Sterile cream lnooculated with _s,_gmt% and Ps, fragd

The changes which ocour in organlsm population,
tltratable acldity and pH as a result of incubating
sterile cream inoculated with 8. laotis and Ps. frapgd
are shown in fTigure 21, A comparison of figures 19 and
21 shows that the presence of $. lactls exhibited a pro-
nounced inhibltory effect upon the Ps. frapl population
at each of the three incubation temperatures, When associ~
ated with 8, lactlis, the max mum Pg, fregi counts atialned
were much lower and there was a numerical decline during
the later stages of holdlng which did not ocour when Pg,
fragl was grown alone. At 30° C. 4. lactis caused the
virtual dleasppearance of Ps., fragl wi%:h the counts belng
10 and 14 per ml. at the seventh and tenth days, recpectively.
The $. lactls growth response seemsd to be normel at each of
the three temperatures, indicating that the assoclation with
Ps. frapgl produced no effect on §, lactis population, The
increase in titratable acldlty paralleled the increage in
8. lactis population, with the maximums occurring simule
taneously. Beglnning with t}h’e third day at 10 and 20¢ C,
and with the first ci{g.y at 30° C,, there was a decrease in
titratable acidity which was slight at 20 and 30 C. and

proncunced at 10° €, The pH curves followed the normal
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pattern at all temperatures, wlth barely perceptible gradual
increases ocouring coincident m\é&; the deoclines in tltratable
acidity., There 1g no apparent explanation for these decreases
in tltratable acldity, for both organisms show an opposite
trend when functioning independently, )

Filgure 22 shows the changes occurring lin ﬁcam, W.I.A,
and tryptophan values in sterile cream inoculated with 8,
lactis and Pg, fragl. The inhibltory effect of £, lactis
upon Pg., fragl becomes much more evident when the W.I.A.
curve 1s exemined at each of the three temperatures. At 20
and 30 C, the influence of B. lactis was sufficient to
inhibit activity of any lipase elaborated from Ps. frapgl,
which is in extreme contrast with W.I.A. values encountered
when Ps. fragl was inoculated alone, A% 10° C, the lipase
wag able to couse conslderable fat hydrolysis, although
barely more than half as much as caused by Ps. fragl when
growing alone, Possglble reasons for the large amount of
lipolysis ocourring at 10°¢ C. may be found by examining
figure 21, The Ps. population attained was sub-
stantially higher at 10 then at 20 or 30° C, The pH decline
was slower in the 10° C, sample, but the greater Ps. fragl
population at 10 C, s,éems to represent the most loglcal
explanation for the higher W.I1.A. value, becausge the ¥,I1.A,
increase did not begln until the third day, at which tinme
the pE was down to 4,22, The characteristic of S. lactis
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to utdlize W.I.A, early in the incubation perlod was again
apparent, with the decrease appearing on the first day at
30¢ C, and on the third day at 10 and 20° C.

The tryptophan curves at all three tﬁmgar&turas in
figure 22 show an early decline, followed by a rise and a
secondary decresse, The @&fiy ﬁé@we&aa may.ba\attﬁibanaﬁ
to Ps. fragl, since the same tendency appears at 10 and 30°
C. on flgure 20, but &ftér passing tha,first declining inter-
val the aurves more necrly correspond to tha&e_pra@&&aﬁ‘by |
5. lactlis, as ghown in figmrg 6. The proteolytic character-
istic of Ps. fragl definlitely was &u&*rﬁim&taﬁ by 8. lactis
at all temperatures because the maximum values are much lower
than those appearing in figure 20. Deterioration in
organoleptic grade does not seem %o be aimaely related to
any one faotor except that the early decline corresponds to

the organism population increage,

Sterile creem inoculated with A. aerogenes

The changes which occurred in organism population,
titratable acldity and pH valuesz in sterile cream incoulated
with A, aerogenes are shown in figure 23, At 10® O, the
arganiam’papulatian ghowed & consistent uniform decrease
throughout the incubation perloed, Ho slgniflcant change
occurred in titratable acidity or pH. A% 20 and 30¢ C,
the counts and titratable acidity inoressed, with more

rapid deterloratlion occurring at 30¢ €, Gas formation was
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so great in the %0° O, gsample that the plug was blown out
and the cream foamed over after incubation for about 40 hours,
A portion of the contents was salvaged, refrigerated and
analyzed on the third day. The decline in titratable acldlty
apparently was csused by loss of gas., The 30° €, sample was
discarded on the third day and the 20¢ C, sample on the
seventh day because of pronounced deterloratlion, The pH
decreases at the two higher temperatures were less than
normal for the degrse of acldlity indlcated, but were reason-
able, since most of the acldity was due %o COp development.
Pigure 2% shows the chenges which ocourred in W.I.A.,
tryptophan and secore values when sterile crsam was lnocu-
lated with A. serogenes and incubated at 10, 20 and 30e C,
Very slight gradual increases cccurred in W.I.A. at all
temperatures, However, at 30 C, the commercial 1ife of the
sample was too short to determine a long~term trend, The
free tryptophan values seem unusuel but malntalin a wnlform
trend of an early increase followed by a decresase, although
the increase at 20¢ C, is only slight, The decline in ‘
organoleptic quality seemed to be more closely related to
organism populatlon than to any other factor., From the
gtandpoint of flavor. and physical effect on cream, A,

aerogenes at 20 and 30 C, was one of the most obJectlonable

organismg encountered because of the foamy body and unclean

flavor produced, A% 10® €, the population was insufficient
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to produce the unclean flavor and gassy body, but the

gradual development of a stale flavor was evident,

Sterile oream inoculated with A. aerogenes and 8. lactls

Changes in population counts, pH and titrateble acldlty
induced by incubating sterile cream lnooulated with A,
aerogenes and S, lactls are shown in figure 25. At 10° C,
the count on the coliform organlsm decreased from an initial
74,000 to %8 per ml, on the tenth day. The pattern of
decrease was the same when A, aerogenes exhibited an inhibi-
tory effect on 8. ;ggigg‘beaause the population increase was
much slower than the normal curve shown in figure 5. There
was no apparent change in titratable acldliy or pH at 10e°
¢., a further indication that 8. lactlis was inhiblted. At
20 C, the 8, lactis increase was normal, but a comparison
of Iigures 23 and 25 shows that 8. lactis inhibited the
coliform population to some extent. The sample held at 30
C. foamed over after about 40 hours inoubation. A portion
was salvaged, refrigerated and analyzed on the third day.
The drop in A. aerogenes population after the first day nmay
have been due to antagonism from 8, }@gggg,ﬁr to refriger-
ation, The titratable aclidlty iﬁéraagﬁa were due to acld
and gas development, with the pH decresse apain being less
than normal for the corresponding tltrateble acldliy because
of the C0p present.



128

<]
v

10° C. )
O S. lactis (log of count/ml.)

A 4. gerogenes (log of count/ml.)

® Pitrateble acidity (each scale
- — unit equels 0.1%)

A pH

N(.o-#mod‘oo-&

=

de*C.

N WFE Xy A D

I 2 3 4 5 e 7 3 9 (0
ODAYS

d_

Pig. 25. Titratadble acidity, pH and counts of S. lactisg and
A. perogenes in cream conteining both of these orgenisms.



129

Figure 26 indloates the ahangés which oceurred in
W.1.4,, ?;,rypmph&n and score when 8. lactis and A, serogenes
were 1nasu1&ta& into sterlle cream. No change of any conse~
quence ogourred in the W.I.A. values at elther of the three
temperatures, although at 3Ce €, there was an early decrease,
probably attributable to 8. lactis. Combination of the two
organisns produced merked increases in tryptophan at both
20 and 30¢ C,, with the value at 20° €, reaching an extreme
of 32 p.p.m, on the third day., These tryptophan values are
mach greater than either orgenism was able to produce singly,
and in the 20¢ C, sample the value was twlce as much &s the
cumalative @ffecﬁ of the two organisme functioning alone.
Organoleptically detectable deterloration was severe at the
two higher temperatures, with a sgour, unclean flavor and
gassy body becoming evident early in the incubation perlod,
At 10® C, the keepling quallity was falrly good, with A.

ieg seeming to survive long enough %o interfere with

normal acld development by 8. lactls.

Sterile oream inoculated with L. casel

The changes which ocourred in organism population, pH
and titratable acldlity as a result of incubating sterile
creem inoculated with L. casel are shown in figure 27. At
10e €, there was no chenge In titrateble acldlty, very
1ittle change in pH except for a sllght decline on the tenth
‘day and the organism count increased only slightly through
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both S. lactis and A. gerogeneg.
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the firet geven days and then decreased, A% 20 and 30e C,
tha‘enrvea in figure 27 are in appropriate relatlon te each
other, with 30¢ ¢, obviously beilng the best of the three
temperatures for L. casel activity, as indlcated by the high
organism population, considerable acid production and low pH.
Fipure 28 illustrates changes which ocourred in W.I1.4.,
tryptophan and score when L. oasel was inoculated into
gterlle cream, The 10¢ €. graph illustraetlng these same
factors for cream inoculated with 8. lsobis plus L. caged
is included, The W.I.A. flum%n&%iﬁns at each of the three
temperatures are beyond the &ange of experimental error but
not sufficlent to be of any aamséquwnea other than to suggest
a slight degree of Tat hydrolysis and simultaneous fatty
acid utillzation, The tryptophan curves follow the same
pattern at all three temperatures, which seems unusual when
the extreme differences in organism populations at the
various temperstures arve consldered., The tryptophan fluctu=~
ations are extremely Arregular with an incresse on the first
day, & decrease to the fifth, an abrupt inorease to the
seventh and a sharp decrease to the tenth day. A poseible
explanation lles in the fact that as the orgsanlsm population
increased and the pH decreased, the protease elaborated by
the organisms was inhiblited by the low pH to an extent
approximately proportionate to the &mauﬁt of enzyme produced

at the higher temperature. The loglc of such reasoning is
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admittedly subject to question, but a similar situation,
indicated in figure 6, was encountered préviﬁasly‘with,ﬁ.
lactis. The organoleptic deterloration seems to be closely
related to incubation temperature and was related to organlsm

population and acldity development.

Sterile cream inoculated with L. casel and 8, lactis

Figure 29 indicates the variatlons which aﬁeuf in
population, pH and titratable acidity wﬁgg”incub&tiag
sterile oream inoculated with §: lactis and L. casel.

A comparlson of figures 27 and 29 showe the L. casgel
population curve to be similar when grown alone and when
grown with 8. lactls at each of the three temperatures,
Included in the similarity is a decrease between the seventh
and tenth day at 10° ¢, Apparently the presence of 8.
lactis had no influence on the L, casel population. A com-
parison of figuw@& 5 and 29 indicates that the presence of
L. casel had a slight Inhibitory influence on the rate of
increase and maximum population attained by 8. lactis,
Especlally signiflcant 1s the rapid 8, laoctis decrease in
tﬁ@ 3@*yg; gample, with the 1@»&&3 count showlng & population
of only 20 p@r ml, At 10° O, neither organism was sble to
attaln sufficient population %o materially influence
titratable acldity and pH. At 20° €. the titratable acidity
increase and pH reduction were greater than accomplished by

elther organism alone, whereas at %0° C. the values corre-



136

for 10°C.
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spond closely with those produced by L. casel alone,

Flgure 30 1llustrates the varlatlions which ocourred
in ¥, I.A,, tryptophan and score values, with incubation at
20 and 30° C,, %h@ﬂwﬁﬁﬁril@ cream was inoculated with 8.
lactls and L, casel. The results at 10° C, are included
in figure 28, The %.1,&; flua%u&tiénﬁ are greater than
the range of experimental error and show a uniform decrease
from the seventh to the bent&'§&$. Also the alight decrease
conelatently appearing when 8. lactls is present occurred on
the firet day at 20 and 30° C, but was delayed until the
fifth day at 10° O The W.I.A. variations were Ilnsufflicient
to influence cuality. At 10¢ O, the two organlisms caused a
fluctuation in free tryptophen (figure 28) which was similar
to the ?r?ytﬁyhaﬁ values Gr@%%eﬁ by L. gagel when unaccom-
penied, except that the 7-day value was much lower. At 20
and 70* C, the two organisms together produced extremely
| high tiypﬁaghﬁm values with & saw tooth curve prevaeilling
after the third day. The greater organism population at
Z0e C, prébably acoounts for the tryptophan value belng
gra&ﬁar'at %0 ﬁh&a at 20¢ €, on the first &ay. Tha fact
that subsequent values were all lower at 30 than at 20° C,,
even though the same patiern prevalled, may be explained by
the fact that the lower pH at 30 €. may have been inhibi-
tory to the protease ﬁnayM$; At 10e C, the organoleptlc

deterloration was slight, and sweet cream quality was
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retained throughout the incubation period. Quality decline
at 20 and 30e 0. seemed to be in response to changes in
titratable acidity and pH, with high acldity being the
@rinciﬁal criticlen.

Sterile cream inoculated with B. subtilis

Changes in organism population, pH and titratable
acldlty ocourring as a result of inoculation with B.
subtilis are shown in figure 31. The population curves
show a more rapld rate of increase as the temperature
inebeage@, The highest count was attalned on the third day
at 30° C., after which there was a notlceable decline until
the sample was discarded on the seventh day., At 10 and 20¢
¢. the population increases aantiaueﬂ throughout the incuba~
tion perlod. There was no significant chenge in pH., Slight
increases of 0.01 to 0,03 per cent titratable acldlty were
encountered; however; after these increases ocourred,
inoculationg of the crean imﬁa litmus milk @re&u¢$ﬁ,alka~
linity. |

Varlations ccourring in W.I.A,, tryptophan and score
values when B, subtllis is inoculated into sterlle oream
are shown in figures 32, 33 and 34, There was a noticeable
increase in W,I.A. on the fifth and seventh days at 30 and
20° G., rasyaetiv&ly, (figures 3% and 34) but the inorease
was not agsoclated with a #mrrespmﬁﬁing change in

organoleptic quality., The rapid inerease 1ln free tryptophan
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b1

28] | 10°¢.
@ V.1.A. (each scale vnit equals 27
100 pg. /100 g. fat)

® Tryptophan (each scale wmit
equals 1 p.p.x.)

o Orade (U.S.D.A.) e

i 2 3 4% & 6 7 2 9 1o
DA YS

S. lagtis and B. subtilis

Fig. 32. W.I.A., tryptophan and grade values on cream containing
B. subtilis or S. lactis and B. subtilis as indicated.




12

® W.I.A. (each scale unit equals
100 mg, /100 g. fat)

® Tryptophen (each scale unit
) equall l 202020)

(@) Gra.de (UOSODOA.)

20°cC.

To 35.4-at 10 days

c6

'l A i 1 1 l i r'] i NG 3 Py i 1 4 i A L AJ
! 2 3 4 5 6 7T 8 g9 Io I 2 3 4 5§ 6 v 8 9 1io
DAYS DAYS
B. subtilip S. lactis and B. gubtilig

Fig. 33. W.I.A., tryptophan and grade values on cream containing
B. subtilis or S. lactis and B. subtilis, as indicated.

N6



143

o TEIINT govc

2 35.8 of 7days ® Vvw.l.A. (each scale unit equals
o7 100 me. /100 g. fat)

2 ® Tryptophsn (each ecale wait

25 equals 1 p.p.m.)

:J o O Grade (U.8.D.A.)

22

2]

20- 20‘- | 30°cC.

19 : 19

19 13

1 b

le Y

15t 15t

i B,

I3 13

2 "

I n

0P AA o “AA
9 1

8 - A ] 4A
7 7

é 18 & 1B
5# 5t

# ¢ . 4 {¢
3 3

2 <6 2 406
! '

% N . 1 N ' i : ; 1 4 1 1 I L 2 A M NQ
I 2 3 4 5 6 7T 8 q o ! & 3 4 5 ¢ 7 g8 9 1o
DAYS DAYS )

3. gubtilis S. lactis and B. gubtillg

Z
3
Q

Fig. 34. W.I1.A., tryptophsn and grade values on cresm containing
B. gubtilis or S. lpctig and B. subtilig, as indicated.

.



14

and the high maximum values attalned indicate the extremely
high degree of proteolysis caused by B. gubtilis, In figure
32 there 1s a declded dip in the curve occurring on the
geventh day atﬁlﬁﬁ C. At 20° C, the inére&ﬁe in free
tryptophan maﬁucmﬁtinmaua throughout tha ineubation pex&a&
with the maximum being 35.% p.p.m. on the tenth day. At 30°
C. the maximum of 46 p.p. m, occurred on the third day, after
which there was a decline to 34 and EJ.ﬁ DD, m, on the fifth
and seventh days, r@&yectivaly. The degree of proteolysis
increased as the t@ny@ratur@ in@raagaa with the inaweaﬁa
being mach more rapld at %0° €. Deterioration in
organoleptic quallty seemed to lncrease with population and
degree of proteolysis, with sweet cream quallty prevailing
throughout the incubation period at 1@» C.

Sterile cream inoculeted with B. subtilis and 8. lactis

Filgure 75 Andicates the varlations ocourring in organlsm
populatlion, titratable acidity and pH in sterile cream
inooulated with 8. lactle and B, subtilis. The populatlion
ourve for 8. lactis at all temperatures is normal, The
presence of 8. lactls appeared to become inhibitory to B,
subtilis at about the time the maximum S. lactis population
ocourred. Also the decrease ih B, pubtilis population wae
coincident with the decline in pH., An extreme drop in B. W.
subtilis population oceurred on the seventh day at 10e C,
and on the fifth day at 20 and 70° C. The decrease was
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followed by a secondary increase which may be due to
selection of B. subtilis cells which survived the low pH.
The inaraéass in titfaﬁablm acldity repreaenta@ nopmal
response tb‘éﬁJlﬁgﬁ&ﬁ:ﬂ@?elapmgntﬁ | | |

- The changes oocourring in W.I.A., tryptaph&n'an&‘aaere
values when gsterlle cream wasg iﬂsaml&t@a with.§,1;§g§&§ and
B. subtilis are shown in figures 32, 33 and 34, Only slight
fluetuatibnﬁ aaaurfeﬁ in W.I.A, values and these are of no
cangaquense. At 10° €, (figure 3%2) the total free
tryptophan produced by the two orgenismg was gréa%av than
“the sum of thelr individual free tryptophan productions. At
20¢ 5. (figure 33) the rate of inorease was more rapid but
the m&x&m&@ valu@a attained were slightly less with both
organlemg present than when B, subtilis wae alone. At 30°
C. {figure 34) it is apparent that the presence of 3. lactis
materially inhibited the proteolytic abi;&ty of B. ﬁﬁbtilia;
An examlination of figure 35 shows that the pH at 30° ¢, was
slightly lower than at 20°¢ ¢, and the population diminished
substentially at both temperatures after ﬁha first day.
Pigures 32, 32 and 3% suggest that early organcleptic
deterloration was in response to organism development, while
later deterioration was colneident with free tryptophan
development, It ie noteworthy that in the cream containing
both orgenisms, organcleptic quality deterloration was more

rapld at 20 than at 30° C,, probably due to the hilgher pH
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‘and greater proteolysis at 20°¢ C,

Analysis of Uninoculated Samples of Commerclal Cream

Three samples of commercial raw oream representing
excellent, medium and poor quality were subdivided into
three portions which were lncubated at 10, 20 and 30¢ .,
respectively, All samples were incubated for a perlod of
10 days, or until the cuality deteriorated to N,G, The
following microorganism determinations were made: Total
count, aglifarms, lip0lytiéa, proteolytics, Gram~negatives
(using crystal violet in the agar as previously described
under methods), lactobacilli, yeasts and molds, In some
cases 1t was found to be impossible to dlgtingulsh individ-
ual counts in these designated categories. For example,
several of the selective medla supported mold growth to the
extent thal accurate populatlon estlmotes were lmpossible
after the mold count increased %o significant flgures,

In addition, analyses were performed to determine the
tltratable aeldity, pH, tryptophan, W.I.A, and flavor.
Determinations for these factors and the mieroorgsnism
counts were made on 0, 1, 3, 5, 7 and 10 days unlese the
extent of deterloration necessitated discarding the samples

prior to the tenth day.
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Excellent qualliby cream {grade AA or 97 score)

The microorganiasm populationsg determined during the
incubation perlod of this sample are shown in table 4., The
values on the other factors are shown in figure 36,

Incubation at _10° ¢, The initial total count {table 4)

was in accord with that expected of excellent quelity raw
cream. Maximum population wes att&&ngﬁ on the fifth day
with 1ittle subsecuent change, The original coliform count
was higher than expected for cream of this quality and the
coliform @@pulaticn continued teo &n@ma&é@ throughout the
lew@ay interval. The progresgsive inéra&sa of the lipolytic
population probably was due primarily to Pseudomonas astralnsg
which increase in cream at this incubation temperature, a
faot wﬁiah’waz demonstrated previously in this research usging
Pg. fragl. The proteolytic and Gram-negetlive counts
increaged uniformly throughout the incubstlon perlod, with
the Gram-negatlve count shovwing a particularly rapld increase
on the seventh and tenth days., The initlal lactobaclillus
count wes low and showed little increase during the early
days of Ancubation, but a substantial inorezse was evident
ot the seventh and tenth days., No significent chenges
Qmeupﬁ@& 1n th® veast and mold population whilch remalined
negligibie. |

The titrateble acldity at 10° €. (fipgure %6) showed no

narticular change until the sgeventh day and then increased
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Table B

Microbial populations of excellent guality cresm sample

2ae G,

Holdling temperature

30e C,

200 G,

0 day
Total count é& 000
Coliforms h 3%@
Lipolytics 7,000
Proteolytics 18,000
Gram-negatlves lﬁ 2 300
Lactobacilll 10
Yeasts 2
Holds 1

1 day
Total count 101,000 5k, 000,000 300,000,000
Coliforms 15,000 &,200,000 2,590,000
Lipolytics 17,000 g, Sﬂﬁ 000 1,000,000
Proteolytiocs 23,000 2, %ﬂ@ 000 ?,@am 000
Gram-negatives %ﬁ,&a@ §,@G@ 1000 10, n@o 000
Lactobacilli 11 9 33,&0@
Yeaats i 2 1l
Holds 3 1 20

.3 @,&z 8
Total count 4,900,000 1,300,000,000 30,000,000
Coliforma 340,000 12 &sa 000 i 60@ 000
Lipolytics 1,850,000 €00 000 6@0 000
Proteolytics 340,000 2, 600 000 12 000, ' 000
Gram-negatives 363 aa& 11,000,000 11,200,000
Lactobacllli 19,9&@ ?E QQG QOQ
Yeasts g 20 1, ?@ 000
¥olds : I 23,000
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Table 4 (continued)

_Holding temperature _

1oe ¢, 200 ¢, z0e (,
5 days
Total count #%,000,000 93 000,000 59,000,0008
Goliformse 250,000 )am 000 1, l@a 000
Lipolyties 12,000,000 51,000,000 76, 00D, ) 000
Proteolytics 1,600,000 Hot detectable® Not detectabled
Gram-negatives 690,000 1,700,000 8,200,000
Lactobaellil 170 119,000 Hot detectable®
Yeasts 5 T o
Holds 1 9,000 16,600,000
: : daye
Total count &% ,000,000 410,000,000 1,000, 000%
Coliforms %QQ 000 182 000 ﬁana
Lipolytics 17,000,000 000,000 16,000, 0008
Proteolytics '000,000 HNot ﬁ@%@ﬁzahléb Yot ﬁeﬁaetableb
Gram-negatives 1t 0&0 000 142,000 None
Lactobacill: 27,500 Mot ﬁ@t@ctﬂbleﬁ Not detectabled
Yeacts ‘ ‘ 3
Holds o hoo,000% 19,000,000°
10 daysg

Total count 74,000,000 850,000,000% Sample
Coliformg 2,200,000 xiz,aas dilscarded
Lipolytics 26,000,000 9,000,000% {N.G,)
Proteolytics 6,000,000 Not detectable®
Gram-negatives 38,000,000 ﬁ&'Gﬂﬁ
Lactobacilli 3,200,000 Wot detectable®
Yeasts 6
Holds

0 21,000,000°

&%ﬁavy mold @spulaﬁian

bﬁvergraun by non-proteclytic organlsms
®Could not differentlate

dHeavy yeast and mold population
€predominately mold
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Fig. 36. W.I.A., tryptophan, titratable acidity, grade and pH values
on uiincculated excellent quality commercial raw cream.
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appreciably by the tenth day, The pH began to decline on
the seventh day and continued to the tenth day. A4Also the
free tryptophan value showed 1ittle change through the first
5 days and then began a definlte increase. From a low
initial value the ¥W.I,A, content showed a gradual upward trend
through the first 5;@&?@, tﬁen increased considerably to 819
mg,/100 g, fat on the tenth day. This advance in W.I.A,
value aerreaﬁmn&aa to the increage in lipolytic eaunﬁ and
preéumahly organisms of tha]?geuﬁamanaﬁ group. In this
particular case grade Ad cream sgtored at 10° C, retained its
original cuality fertﬁ days and remained grade A for 7 days,
Qrganoleptic deterloration was wai&e&éent with incoreases in
titratable acidity, tryptovhan end W,I.A, |
incubation at 20e G, The total count increased rapldly,

as shown in table 4, reaching = maximum on the third day,
then decreased on the fifth day and increased agein on the
geventh and tenth days. This patiern ls presumed to be due
to the rapld increase and subseguent decline of 3, lactls,
followed by an inorease in acld-tolerant organisms. The
rapid rise through the third dasy and ensuing decline of
coliform organisms 1s also nobeworthy. The lipolytic popu~
lation lncreased a&ntinﬁnuﬁly and the l0-day count may be
inasmglete'éae to mal&kinﬁarfaranqe. The proteolytic popu-
latlon continued to increase as long as these counts could

be made, but beginning with the fifth day mold interference
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prevalled., The Gram-negatlve count lnoreased rapidly during
the flret 3 days, reached a maxlimum on the third day and then
gredually diminiched, These counts were inconsistent with
the lipolytile pcpul&tien; Parh&pé the crystal violet dye was
inhibitory to some Gram-negative 1ipalytie organisns., The
lactobacilli showed progressive inereace until the yeasts and
molds prohibited ldentification on the seventh day. The
yeast and mold population showed only moderate increase on
the third day and then increased rapldly throughout the
remainder of the incubatlon period, with yeast belng dominant,
 As shown in figure 36, the titrateble acidity increased
rapldly through the first 3 days and then leveled off, The
nH ftended to follow, reaching & minimum on the third day,
and then increasged slightly. Tryptophan values show a con-
siderable degree of fluotuatlon, This iz another instance of
tryptophan increases and disappearance during the progression
of the ineubation period, A maximum W.I,A, value of 291 mg./
100 g. fat was attalned on the third day, Attentlion should
be focused to the fact that linolytic aaﬁnﬁ@ were mich
higher at 20 than at 10¢ ¢, and ¥.I.A, values increased
parkedly at 10e ¢, Frab&bly‘tha rapld decreage in pH at 200
C. prevented the lipase of the lipolytic orgonlisms from
hydrolyzing the fat. The decline in score was coincident
with the inar@age in microorganism population and titratable

acldlty development, By the gseventh day & very slight yeasty
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flavor wae apparent. In this cream sample, cuality can in
no way be coordinated with W.I.A, values and only remotely
with tryptophan valu@s;

Incubation at %0° C, Table 4 indicates the maximum

total count occurred on the first day., However, the actual
m&ximum probably occurred ﬁﬁMﬁ'@iﬁ& between the firat and
third day, The decline in 8. lactis population had become
apparent on the third day. Total counts on the fifth and
rﬁevenﬁh &&yskincre%se&}'pragumabiy due to acid-tolerant
orgaenlsms, because of the continued acld development, The
coliform poyul&tiaﬁ reached & maxlimum on the third ﬂmy;
declined on the fifﬁh day and aalifarma had completely dis-
appeared on the seventh day, The lipolytle population con=-
tinued to increase through ﬁﬁe fafth day and on the seventh
day most of the lipolytic aaiani@a were mold, The
proteolytic population reached meximum on the third day and
proteolytic bacteria were not subsecuently detectable due to
mold domination. The @r&m~negatQV& population remalned
reasonably constant froum the first through the fifth day,
%ut there was no growth on the gseventh day., In some _
ingstances mold growth was supported on crystal violet agar,
but the crystal viclet plates of this particular sample dld
not show mold growth. Lactobacilli showed an &&r&y increase
and could not be enunmerated after the third day becsusge of

yé&sﬁ and mold interference., The yeast and mold counts
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increased r&pidly after the first day and reached a
maximum on the seventh day,

The titratable acldity (figure 76) increased and the
pH decreaged throughout the incubation perlod, The
tryptophan content began ilncreasing immediately and reached
£l.2 p.p.m, on the seventh day, indleating & tremendous
amount of Qrataaly$ms,’espeai&iiy after the third day. The
W.1.4, value increased continuously through the fifth dey and
then wag slightly lower on the seventh day. The organoleptic
quallty deterlorated rapldly and the sample was barely com-
merclally acceptable on the rifth day, at which time an
intensely sour and sglightly yeasty flavor was evident., Thls
experience suggests that even excellent quallty cream cannot
be held longer than 3 or 4 days at 30° C, |

Table U ghows that the total counts, as expected,
increased much more glowly and attained a lower maximum at
10 than at 20 or 30¢ €. HMaximum organism population was
attalned later at 20 then at 30° ¢,, but alfter attalning
maximum, the 20¢ ¢, counts were greater than the 30° C.
counte. The coliform counts increased more rapldly, reached
aygr@atar maximum and declined less at 20 then at 30° €.
Thls suggests the exlistence of some antagonlsm agsinst the
coliforms at 30° C., becauge thelr optimum growth temperature
is known tm:be around 30 to 40e €, The lipolytie,
proteolytic, lactobazelllus, yeast and mold populations
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increased more rapldly and reached greater mazim&ma at 30e
C.

Figure 36 shows the titratable acidity increased faster
and %o a greater maximum at 30 (., probably &ne'ta highe
acid-producing organisms such as the lactobaeilli and to a
limited extent, the formatlon of free fatty aclds by lipase
actlon, The pH drop was mich more rapid and to a lower
minlimum at 30° €, Tryptayﬁan~valu@a were much greater at
30t ¢, W.I.A, increases were comparatively insignificant
at 20° ¢,, but were above the 400 mg,/100 g. fat maximum
gtandard on the third day at 30° . and on the seventh day
at 10° ¢, The highar~th@ temperature within the range
studied the more rapldly the organoleptic quallity deterio-

rated,

srade A or 92 score)

Medlun uality cream

Thiﬁ‘aﬁmgla of cream was secured from a producer who
regularly sold to a commercial butter plant and had a
reputation for good cream and good sanltary practices, The
portlon secured represented a Z-day accumulstion of cream. |
The cream was routinely kept in & household refrigerator;
however, ﬁhﬂ warnm eream geparated at esach milking was mixed
with the cooled cream, At the %time the cream was secured 1%
had & slight acid flavor but no other defects, The organism
populationg during the inaab&%iwn‘@eriwﬁ are shown in table

5, and the values of the other factors determined are shown
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Teble &

Mleroblal populations of medlum cquality cream sample

Holding temperature

Ape C,

20° G, _30e ¢,

O day
Total count 116, aﬁa 000
Coliforms ? 60, 9&&
Lipolytics %%Q 000
Proteolytics 11@ Q00
Gram~negatives 3,100,000
lactobacilli 1,300
Yeasts a0
Yolde 20

1 dey
Total count v&a 000,000 320,000,000 2,%00,000,000
Coliforms 2! QQQ 000 %00,000 ana
Lipolytics 1,%0@ 000 1, %oa 000 14,000,000
Proteolytics 60,000,000 170,000, 000 19 0,000,600
Gram-negatives 5500, 000 900,000 Not ﬁa%eaﬁabl@
Lactobacilli 6 200 9,000 13,000
Yensts "6ho 580 1,300
Molds 9 90 2,700

' 3 days

Total count 640,000,000  2,700,000,000 240,000,000
Coliforns éa@ , 000 9, 9@0 %ane&
Lipolytics 260,000 280, 000 1 oo, 000
Proteolytices HNot ﬁeta&t&blaﬁ 1}@ , 000 2 03& 000
Gram-nege tives 6@@ 000 26, 000 lNot aaﬁaat&%le
Lactobacilli ;9%@ Not detectable® Not detectable®
Yeasta 1,100 26,000 320,000
Holde 18 190,000 1,100,000

aﬁo grawﬁh at high dilutions and overgrown with mold
at low dilutions

Dappear to be all mold
CHeovy mold growth
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Teble 5 (continued)

Holding temporature

10e C, a0e €,
Total count 280,000,000 &3@ 006,000 ﬁp Q“O 000°
Coliforms )3 coo 1,370 “Qma
Lipolytice  Not detectable® 440, pood 5,000,0004
Proteolytics Not detectable® Not detectable® Not ﬁﬁﬁﬁﬁﬁ&bl@e
Gram-negatives 3,%00,000 Not ﬁ&te@@&bl@“ Hot detectable®
Lactobacilli " 2,800 HNot detectable® Not detectable®
Yeasts Uns atigfm&s@ry Unsatislactory 1,000,000
Helds plates plates

',‘ﬁi«i;ﬁ’i
Total count 450,000,000 380,000,000 Bample
Coliforms 2% 000 2! , 200 discarded
Lipolytics 32, o0de, ) 000 6 @@@,0@99 (n.a.)
Proteolytics 120, ﬁ@ﬂ , 000 #,000,000°
Gram-negatives l&g,@@ﬁ 000 2 ﬁ@@e
Lactobacilll 3, 200 Hot detectable®
Yeasts 2,900 1,200,000
Yolds boo 6,900,000
10 days

Total count 330, 000, 000 Sample
Coliforns T@ﬁ dlscarded
Lipolytics Not aat@ntableﬁ (K.G.)
Proteolytiocs 210,000,000

Gram-negatives Not detectable®
Lactobacilli Not detectableC
Yeasts 24,000
Holds 150, 000

9o growth at hlgh dilutions and overgrown with mold
at low dilutlions

SHeavy mold growth

4511 mold
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in figure 37,
Incubation at 10e C. The inltial total count shown in

t&bl@v5 seems E&gh; however, 1t probably ls consistent for
this type of cream on which there are no becterial gtandards,
Maximum population was attained on the third day and remained
high throughout the incubation periocd. The coliform count
was initially high, reaching a maximum on the first day and
then gradually declining. The lipolytic and proteolytic
populationsinereased on the first day, decreased on the third
day end could not be determined beyond the third day because
of mold linterference. The Gram-negatives contlnued to .
increase during the incubation period and were not detectable
after the seventh day because of mold 1ﬁt@wf@renaa. The
lactobaceilll remained comparatively constant throughout the
inocubation perlod. The yeast and mold population did not
show any pronounced increase until after the aevénth day.

Titratable acldlity and pH curves {(figure 37) are normal,
The extreme fluctuatlions in tryptophan values during incuba-
tion were confusing but ra@yes&ntatx@efef similar variat&ans
which occurred in other samples. |

The W.1.A, value decreased the first day, remained below
the inltlal value throughout ﬁhe‘fir@t 5 &&y& of incubation
and then increased @ligﬁtly.: It is probable that the pH
decrease minimized the activity of the lipases and also the

early decrease suggests organism utilization of ¥W.I.A, The
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2 10°C. ® VW.I.i. (each scale unit equals

L ' 100 mg. /100 g. fat)

@ Tryptophan (each scale unit
equals 1 p.p.m.)

® Titratadble acidity (each scale
wnit equals 0.1%)

O Grade (UuSoDvo)

A pH
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Fig. 37. W.I.A., tryptophan, titratable acidity, grede and pH values
on uninoculated medium quality commercial raw cream.
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organoleptic quality deteriorated at a2 moderate rate and was
related to lnerease in acldity and decrease in pH,

Incubation at 20e O, The maximum total count as shown

in table B, was attalned on the ﬁhira‘é&y and the population
subgecuently decreased., The coliform count was lower after

1 day than on the ordginal sample and the decline continued
throughout the duration of the incubation period, The
lipolytic count increased after 1 day and thege organisms
could not be enumerated in subsecuent samples because of mold
intarferenae; The proteolytlec count reached a mexXimum after
1 day, decreased markedly on the third dey and subsequently
could not be enumerated because of mold interference. The
Gram~-negative count decreased to the third day and thereafter
these organisms could not be enﬁmar&taﬁ because of wold
interference, The lactobacilli increased on the firgt day
after which the plates were dominated by mold. The yeast

and mold population showed no gignificant change on the first
day and then progressively increased to extremely high counts
on the seventh day.

In figure 37 the titrateble acldlity showed & substantial
increase on the first day and then only & slight subseguent
inorease. Also the pH declined on the Tirst day and then
leveled off. The tryptophan content began increasing after
the first day and reached & maximum of 23,8 p.p.m. on the

seventh dey, showlng a considersble degree of proteolysis.



162

The W.I.A, value decreased on the first day, then increased
abruptly te 1,236 mg./100 g. fat on the fifth day and
leveled off. The organoleptic quality deteriorated rapidly
from grade A to grade €, with an acid and unclsan flavor
apparent on the first day. On the fifth dsy & musty flavor
appeared anﬁ‘én th@’s@vaath,d&y the semple was ezxr@&ely
moldy and was dlscarded,

Inoubation at 30° ¢. The total count, shown in table

5, was the maximum on the first day. Yeast and mold growth
interfered with subsecuent counts. There were no éoliferma
detectable on the firast day or on any analysis %h@r@%fter,
All other counts showed substantial increases on the flrst
day., The lipolytic, proteclytic and total counts declined
on the third a&y, Yeasts and molds contlinued to inorease
until the a&a@la wag dlscarded, |

Pigure 37 shows the titratable acidity inoreased to
1.47 per cent on the fifth day, suggesting the presence of
axtremﬁly acld-tolerant orgenisus such as the lactobacilli,
The pH decreased to 3.43 on the £ifth day. Tryptophan
increased after the first day to a vaiua of 9.2 én the third
day and 47.6 on the fifth day, indicating proncunced
proteolytlic deterioration., The ¥W.I.A, value was above the
legal tolerance on the third day and was 767 mg./100 g. fat
on the fifth day. 'The organoleptic quﬂiiﬁy was grade ¢ with

a sour, unclean flavor on the first day and wasg discarded as
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H.G. wlth & yeasty and muety flavor on the fifth day. The
results of incubating medium quality cream indleate that
such cream will retain market acceptabllity as sour cream
Zor 7 to 10 days Af kept refrigerated at 10° C. If kept at
20° €, such eream would be acceptable up to 3 or I days of
age, and when kept at 30¢ C, the holdlng time should be
limited to 1 or 2 days.

Within the temperature r&ng@'use&, the organism popula~
tion increased more rapldly as the temperature iﬁmr@aaea. it
is noteworthy that the coliform populatlon decreased at all
three temperatures, with rate of ﬁ@créasa belng greater as
the temperature increased, High yeast and mold populations
made 1t lupossible to follow mogt organisnm counts beyond the
third day. Increase in titratable acidity and decrease in pH
was much greater at 30° C.; also o?ganoleptia deterioration
and proteolytic activity were much greater at 30° C,
Lipolytic actlvity wes greatest at 20¢ €., suggaﬁt&ng that
the lower pH at 30 ¢, inhiblted the llpzses more than the
proteages, or perhaps 20° C, was & less favorable temperature
for the proteolytic organisms and thelr proteases, Obviously
there was some condition existing at 30° C, which interfered
with lipsee actlvity because the mold population was guffi-
cient to cause the ¥W,I.A. value to be much greater than
actually attained,
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Poor quality oream (grade B or 90 score)

This gample of cream represented a 2-day accumulation
from a prﬁénae? who had & reputation for maintaining poor
aanitaﬁy conditions. The oream had a sour, weedy flavor
and was grade B when secured, |

:Insubatggy at 10° €, Table 6 indlcates the total count

reached a maximum on the third dsy and then gradually
decreased. The calif@rm count inecressed on the third day and
then gr&&u&lly diminished, The lipolytic, proteolytic and
Gram-negative populations reached maximums on the firet day
and then decreased, The lactobacillus count contlnued %o
increace thrwughout the 10~day interval. The yeast and mold
count followed an unusual pattern, reaching a maximum on nhe’
third day, dropping on the fifth day, and again increasing and
levelling off on the seventh day,

Figure 3% shows that the titratable acldity lneoreased
and the pH deoreased throughout the incubation interval
except for an unexplained drop in titratable acldlty and
increase in pH on the fifth day., The tryptophan content was
comparatively high {6.9 p.p.m,} when the cream was secured
and continued to increase to & maximum of 34,0 p.p.m., on the
t@nth day, indicating substantlal proteolysis., The W,I.A,
value was %86 mg./100 g. fat initially, remained nearly
constant through the third day, increased to 639 on the
fifth day, was unchanged on the seventh day and dropped to
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Table 6

Microblal populations of poor quality cream sample

Holding tem

st erature —

100 C. 200 €, 300 C,
Total count 460,000,000
Coliformg 5,500,000
Lipolytics 3,400,000
Proteolytics 6& 000
Gram~negatives 24, 0@& 000
Lactobacilli 50@ 000
Yeasts 31& GQG
folds 42000

L. day
Total count 1,14%0,000,000 840,000,000 41,000,000
Coliforns 6 asa 000 31 000,000 None
Lipolytics i) 000, GO0 se@ 000 Mot detectable®
Proteolytiecs 20 000,000 9& 000, 1000 6,000,000
Gram-negatives 210,000, 000 65, 000,000 Not detectable®
Lactobacilli 10, m@ 000 19,000,000 20,600,000
Yeasts 50,000 71400, 000 4,100,000
Molds 180,000 | @@,@ag nza 000
5 days '

Total count 2,700,000,000 ?%Q 000,000 Sample
Coliforms 63,000,000 1 1000, 000 digcarded
Lipolytics 13 , 000,000 11,000,000 (N.G.)
Proteolytics +y 2&9 000 g,l@% , 000
Gram-negatives 614,000, 000 2%, 000,000
Lactobacilli g, 000,000 6,000,000
Yeasts » 600,000 11 +100,000
Molds " 700,000 710005000

8plates overgrown wilth mold
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Table 6 (continued)

Holding temperature

100 ¢, 20e G, 308 G,
5_days
Total count 1, 410,000,000 340,000,000
Coliforms 3? »000, 000 h,gae 000,
Lipolytiecs %,7&9 000, g ,000, 000
Proteolytics 60,0000 000, 000P
Gram-negatives Ll 000,000 2& 000,000
Lactobacilli a?,aao 000 66,000,000
Yeauts 1,300,000° 16,000,000
Molds -y XN &,000, 000
{ days
Total count 460,000,000 38,000,000
Coliforms & 1700, 000 5 000
Lipolyties i 000,000 1, 800, 0004
Proteolytics ) 000,000 &, 200,0008
Gram-negatives 1& 200,000 17@ 000
Lactobacilll 1? C00, ﬁ@@ ?1 000,000
Yeasts iy 9@@ 000 100,000
Molds 500,000 gaa 000
10 days
Total count 580,000,000 Sample
Coliforms 1,300,000 discarded
Lipolytics 2,000,000 (H.G.)
Proteolytics Hot &@t@mt&bla&
Grom-negatives 11,000,000
xaatgb&gilli 66,000,000
Yeasts ¢
Molds 55900,000

?lﬁt%& overgrown with mold

&ll mold

Sould not differentiate
dostly mold
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n To21./at5doys oo ® W.I.A. (each scale unit equals
N 27at7days “ ' 100 mg, /100 g. fat)

® Tryptophan (each scale unit
equale 1 p.p.m.)

© Titratable acidity (each scale
uwnit equals 0.1%)

O Grade (U.SeDaAs)
1AA A pH

: To 32 ot 7 days
<< - 10°cC. 34 at lOda‘ts

i 70 15.2 at Iday
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Fig. 38, W.I,A., tryptcphan, titrstable acidity, grade and pH values

on uvninoculated poor quality commercial raw cream.
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91 on the tenth day. Organism utillization is the most
plaugible explanation for such an abrupt dissppearance of
W.I.A, Conslderlng the original quality, organoleptic
deterioration was moderate, with grade ¢ prevailing from
the first through the fifth day.

Incubation at 20° C. The data from table 6 suggest
that the maximum total count occourred between the ¢ and 1
ﬁayvaﬁ&lyﬁﬁa,'far the total count subsecuently decreased.
ﬁﬁliferma,\prazealyticg and &r&mmm@gﬂtiveS‘reaehe& a maximum
population at 1 dey and then decreased, Lipolytics reached
& maximum on the third day and then apparently decreased,
Beginning with th@vfifth day, mold colonles interfered with
enumeration of lipolytie and proteolytic organismsg, There
wag no mold growth on the lactobacillus and Gram-negative
plates, but the media a&@ﬁ\f&r enumerating these two groups
of organisms frecuently supported mold growth., The yeast and
mold population increased rapidly and remained at a high
level,

Figure 38 ghows that the titrateble acidlty increased
extrenely rapidly on the Ffiret day and attalned a maximum of
1.45 per cent on the seventh day, The increase presumebly
was Cue to a cowbination of acld-producing bacterisa, gas
production by yeasts and collform bacterla and free fatty
aedld formation by lipases, The pH dropped in accord with

the acldity incresse, The tryptophan velue increased
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abruptly, reaching 27.1 p.p.m. on the fifth day and then
leval%& off. The W.I,A. content increased progressively

to 1,089 mg./100 g, fat on the seventh day., The organoleptic
flavor deterlorated rapldly, belng grade € with an acid and
unclean flavor on the firet day. A slightly yeasty and musty
flavor was apparent on the third ﬁay and the aampl@‘was digw
carded due to mold on the seventh day.

Incubstion at 30° ¢, Figure 38 shows this sample was

graded H,G., when ax&miné&Aﬁftar 1 day. It possessed a foamy

body, & bitter, high acld and yeagty flavor and was discarded
after analysis, Table O indicates that the total count had
deelined considerably. HNo coliform bacteria were present and
no lipolytic or Gram-negative organlems were detectable, The

proteslytic and lactobacillus counts had inereased conslder-
ably.

The titratable scldlty, ae shown in Tigure 38, was 1,79
per cent, the pH 3.93% and tryptophan 15.2 p.p.m, ¥W.I.A., had
increased only slightly to 4O4 mg,/100 g. fat,

The results of incubating this serles of coream samples
suggest that cream produced under very poor sanltary con-
ditions would r@m&in marketable for about 5 days if kept
refrigerated at 10° C, When held at 20° C, such cream will
keep only 1 or 2 days, and cream produced under such con=-
ditions cannot be kept at 300 €, ﬂﬁngider&ble proteolyslis
oceurred at all temperalures anﬁ~lipalygis was greater at

20e G,
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Tryptophan Content of Re@raﬂent&tive Producers?

Cream Delivered to a Churning Plant

In order to determine the free tryptophan content of
representative producers' cream belng delivered to churning
plants, 14 samples were secured at the ﬁiﬁ@ patrons made
ﬁﬁliveri@s to the recelving room of & looal commerclal plant,
Each producer was questloned concerning the sge of the cream,
separation method, storage method and temperature and
whether fresh ﬁr@am~was cooled before mixing with the bulk
guantity being aaaumul&t@a,‘ The informatlon &s reported by
the producers ies recorded in table 7, which also includes
the analytlcal results. These producers milked from one to
four cows, (All owners of large dasiry herds in the South-
west are producing grade A milk,) The age of the oream
ranged from 4 to 14 days, the quantity delivered varied
from 12 %o 38 1lb., the titratable acldity ranged from 0.23
to 0,77 @&& cent, the grade varled from & to C.G., and the
free tryptophan content ranged from 1.5 to 13.0 p.p.m., A
consistent correlation between age, grade, titratable acldity
and tryptophan content of serum does not exiet, The corre-
lation might be better among prmduéérﬁ supplying & higher
- guallty of cream; however, the receipis of this plant are
representative of sour cream butter production,

The relationship between organoleptic grade and



Table 7

Tryptophan content of representative producerst' cream delivered to a churning plant

S8ampleshAge of:SeparatiomiStoragesWt. of sFat :?ita’a;tablax pH ¢ Criticism :OrganolepticiTryptophan

noes icream 3 method smethod scream stest: acidity 1 3 1 grade s in serum
s(deys): 2 t (Abe)s(B) s (B) s t : (p-peme)
1 7 oskimed  rfgre 23 20 023 5.28 slt. sour A 1.8
2 1 water dil, rfgr. 12 38 026  5.09 sour B 2.7
3 7  centrifugal rfgr. 19 3 055  Le53 sour, feed B 340
N L  water dil. rfgr. 20 38 0s35  Le78 souwr B 6.1
5 9  centrifugal rfgr. 20 37 Odlii  hLe29 sour B 6.7
6 7  centrifugal rfgr. 15 38 0,32 L2 sour B 73
7 1y water dil. rfgr. 12 38 0.68 L0 sour e he8
8 iy water dil. rfgr. 31 39 0.58  L.69 sour c 6.8
9 L - centrifugal wet sack 39 28 ~ 0.63  L.56 sour, rancid CeCe 2.0
10 10 skimmed rigre. ifr & 068  L428 sour, rancid CsGe 2.9
1 § - centrifugsl rfgr. 5 25 0e69 Liehily sour, stale GG 61
12 7  skimmed water vat 27 28 077 Le22 sour CeGo 643
13 T  centrifugal rigr. 38 29 0,71  L.h2 seur, unclean Cele 6.8
1k 8  skimmed rfgr. 18 25 0,65 k.6l sour, rencid Cole 1340

Tt
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tryptephan content ls shown as follows:
S I I
Bu s v o B 0w v v o v 247 %0 TW3
Cv v v 2w v o v s s o U5to6.8
Clo v v v 64 v v w v v v v s 2,0 to 13,0

1% appears unresllstic %o suggest a correlation between
organoleptic grade and p.p.m. of free tryptophan, Obviously
the tryptophan value alone would not be an accurate index of
the quallty of thls crean, Thig concluslion ls supported by
other data presented in thie research in which pure culture
inocculatlons into sterile tream somebimes produced high free
tryptophan values while good organocleptle quallly was
retailned, Algo low free tryplonhan v&lu@a‘fr@qn@ntly were

encountered in samples of poor orgencleptic quality.

Tryptophan Content of Commercial Cream and the Resuliing
Butter

81z representative churnings of cream were selected for
deternination of the trypntophan content of the oream and the
resulbling butter, Tryptophan also was determined alter the
butter had been stored 90 days at 40 F,, which was con=-
gldered to be a severe storage test, Information concerning
the ouality of the cream and finished butter, titratable

acldity of the eream before and after neutrallzation, pH of
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the hutter and tryptophan content of the ¢ream and butter ls
ghown in table &, Four of the churnings were made in the
college cresmery and two were processed ln a local churning
plant, Churning no. 227 wag neutralized, pasteurized and
held over night at churning temperature., Churning no, 228
wasg held over night in cans on the receiving fleoor of the
plant, prior to processing. ,

In caloulating the free tryptophan content of butter, a
serum value of 17 per cent was used rather than 20 per cent
recommended in the formula of Duggan (32), As desoribed in
the sgsection on prae@éure,’tnis alteration of calculation
was found to yicld much more accurate results,

The four churnings processed in the college creamery
represented average guallty for the grade designated. The
tryptophan values of the two commerclal samples are much
higher., This particular commercial plant makes only &9
score or grade ¢ butter and blende all the cream purchased.
Good correlation exists between tha tryptophan content of
the cream and the finished butter, HSome increase in
tryptophan occurred in &1l‘ﬁﬁ$8$ follawiﬂg 90 days storage
of the butter at %0° F, The increases were substantlslly
greater in tha grads A ana grade B butter than in th&kgraéa ,
C¢. The two commercial saﬁylaﬁ éﬂﬁ one of the T.7,0, samples
declined one point in s@n&ﬁvwhiiaybeing held at 40° F. The

four T.T.C. churnings were neutrallized with "Kurdex", a
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neutralizer composed of sodium hydroxide and sodium
carbonate, and pasteurized at 170 ¥, for 30 minutes, The
two commercial samples were double neutralized with lime

and soda and pasteurized at 165° F, for 30 minutes.

Grade and Tryotophan Content of Commerclal Butter Samples

In order to determine the tryptophan content of repre-
sentative samples of butter and the effect of holding butter
at Yoo F, for 90 days, six samples from different commercial
concerns were secured and analyzed., The results are shown in
table 9. Reasonably pood correlation exists between grade
anﬁ,trypta@h&n content, Sample 6 was sufficiently objection-
able to be rejected as & merketable sample, The other
samples show varying amounts of tryptophan increase during
the 90-day storage. Samples 1 and 2 were endorsed with a
U.S.D.A. grade AA certificate of quallty but sample 2 was
only grade 4 when secured,

The results of the two series of analyses on butter
shown in tables & and 9 are not based on a sufficlent number
of samples to w&rfant definite conclusions on corrslation
between grade and free tryptophan content but are sufflclent
to indlocate that a correlation may exist when miscellaneous
guantitlies of producers' cream are blended, The results
guggest that tryptophan values for blended sweet ocream

butter {grades A4 and A) generally do not exceed 2.0 to
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Table 9

Grade and tryptophan content of commerclal butter gamples

Bample: Condition w

daygs at 40e F,

wher 1Condition after 90
number: Grade and TTrypLophan & Grade snd T IrYyDLODAER
;cr&tiai&m tin serum ¢ oriticlem : in serum
p ilpepemad v s fp.pom.)
1 Cﬁj) 0.9 A (92) 1.1
(ﬁ.w. Ay, | coaTse
ﬂ@yﬁifie&
- BA) ;
2 A (92) 2.0 B (90) .7
{m % .4, coarse
certified storage
BA) . et
% ¢ (89) 2.7 H.G, 7.5
stale coream moldy
b ¢ {89) 5 H.q. 17.0
' stale cream ‘ putrid
frulty
5 ¢ (89} b1 .G, (88) 1003
’ neutralizey n@utfazizﬁr
old cream old cream
storage
6 3, (88) 17.0 0.6, (88) 16,3
putrid matrid

surface taint

surface talnt

‘8l. cheesy
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2.5 p.p.ia. Only two grade B samples were avallable and
their tryptophan contents were 3.0 and 2.9. The %rypt@phan
content of five grade A samples ranged from 2,7 to 16,2
D.p.o. |

The limitations of projecting a recommended maximum
tryptophan value for each grade should not De overlooked.
For example 1t should be recalled that sterile creanm
inoculated with a pure culture of B, subtilis and incubated
1 day at 30# C, retained an AA Tlavor but had a tryptophan
content of 24,2 p.p.a. Such a situ&tian definitely 1s
abnormal, being induced under laboratory rather than com-
merelal conditions, but emphasizes the conclusion that a
single quality test 1s insufficlent to establish cuallty
standards, |
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DISCUSSION

Incculated Creanm

Lipolytic activity and W.I.A. content

G. c&a&i&umxaﬁﬁ.gg.iggggg were the organisms studled
which cauged significant izpaiyaiﬂ ag indicated by high
W.I1.A, values., VUhen pure cultures of these organlsms were
grown iAn sterile cream, flavor defects were not apparent
at W.1.A, V&lueﬁ'ag to 400 mg./100 g. fat, which is the
maximum tolerated by the Pederal Food and Drug Adminlstra-
tion., The lowest W.I.A, values which vere associated with
rencid flavor were 84O mg,/100 g. fat with G. candidum and
3,277 mg./100 g. fat with Ps. fragl. These samples con-
tained no other off-flavors. Inasmuch ag both of these
values occurred in crean which was organcleptleally
acceptable asg grade €, 1% nmust be recognized that cream
whlch 1s objectlionable by Federal Food and Drug Administre-
tion standards may escepe detectlon by the customary
organcleptlc grading pfﬂﬁaﬁura, The lowest W.I,A. value at
which G. gcandidum produced a moldy flavor was 2,337 mg./100
g. fat, Holdy flavors did not appear until alter the
presence of mold could be visibly detected by careful
gerutiny; however, the mold would have been less apparent if

the sample had been stirred more frequently. Production of
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moldy flavor and W.I.A, were closely related to G. candidum
‘population., The ¥.I.A. values produced by §. candidum in
sterile cream compare favorably with results reported by
Purko et #i. (99).

When G. candidum an&,§§. £raiA wéra each combined with
8. lactis and inoculated into eterile cream, & rancld flavor
appeared at substantially lower W.I.A. values than @fev&iiaa
when the lipolytic organlsms were not assoclated with 8,
lactig, Humerous instances in the data indicate that the
presence of g, laoctls is related to the occurrence of &
rancid flavor at W,I,4, values below 400 mg./100 g. fat, &.
candidum also produced a moldy flavor at W.I.A, values ag low
as 868 and 1,067 mg,/100 g. fat when B. lactls was present,
Decreases in W, I.A, attri@ﬁtab&ﬁ'tﬁlﬁ. lactls may be related
to the appearsnce of th%’r&naiﬁ'fl&var at le% ﬁ.x.&} values,
ﬁear&aaas in W.I.A, in the pr@aanee of 8. lactls occurred
more rapldly with the more vigorous culture of 8. lactls.
The occurrence of the initial decrease was colneldent with
the attainment of maximum ygpuiaﬁinn. Utilization &f‘leng~
chaln fatiy aclids by B. lactis is the most logical explana-
tion for the fluctuating W.1.A, values which were encountered
during the incubation perilods. Addition of cle;c'aciﬁ to
The

availablility of olelc acid in abundant amoun?t resulted in a

eream caused ne reductlon in the activity of Z, lactis

W.1.A, decrease which was guantitatively greater than normal,



180

substantiating the conclusion that W.I.A, ls utllized by S.
lactis, Peters et al. (93) also encountered decreases in
the presence of B. 1&ﬁﬁi$ and supgested the possibility of
fatty acid utilization by the organism, The rancid flavor
ocourring &t low W,I.A, values in the presence of §. lactis
combined wiﬁh lipolytic organisms may be due To utilization
of the long-chaln fatty aclds by 8. lactis, while the shoprt-
chain fatty aclds continue to accumulate as fat hydrolysls
progresses, Thls opindon ls supported by the work of
Tarassuk and Spith (112} who observed an increase in surfaoe
tension when 8. lactlis was grown in nllk, They atiributed
this inorease to utilization by 8, lactis of fatty aclids
which contribute to reduced surface tension., Cosgtilow and
Bpeck (27) found that short~chain fatty aclde inhibited 8.
lactis but fatty aéidg of 14 carbons and longer showed no

inhibition,

A glgnificant difference wes encountered in the optimum
temperatures for Ps. fragl cells and the lipase elaborated
Trom these cells, Vhen Pg. fragl was inooulated into sterile
eream, the W.I.A. value incressed more rapldly and reached
a greater maximun at 30 €., but the greatest population
cecourred at 20° €, and the Pg. Ifragl count at 10° C, was
gra&tar'th&n at 30° 0, With this particular strain of Ps.
fragl the optimum temperature of the lipase enzyme was

subgtantially higher than the optimum grovth temperature of
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the organism. These results are in agreement with those of
Nasghlf and Nelson (87), who reported a temperature of 15° (.,
or below, depending upon the individual strain, to be most
favorsble for productlon of lipase by Ps. fragl, These
same workers (86) also reported that the maximum activity
of this lipase occurred at 40¢ C. when a coconut oil sub-
atrate wag used,

Organoleptle deterloration induced by Ps. fragl occurred
in response to enzyme actlon and was not directly related to

organlse population,

Proteolytic sctivity and free tryptophan content

Among the organlsms studied, B, subtllls and Pg. frapgl
were the most proteolytle, as indicated by the high free
tryptophan values pr@ﬁuegﬁ'whﬂn pure ocultures were incoulated
into sterile ecream. High free tryptophan values were engoun=
tered when A, serogenes, L. casel and B. subtilis were
individually combined with 3. lactis. Some of these organ-
ismsg or combinations resulted in the productlon of high
acldity, but it is improbable that any tryptophan was
liberated by acld hydrolysis of protein due to lactic acid
agounulation. Hammer and Patil (55) and van der Zant (113)
have reported that 1 per ¢ent lactic acld added to milk 4id
not produce any free tyrosine or tryptophan, Under no
circunstances ghould the serum acidity of marketable cream

exceed 1 per cent,
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Fluctuations in the free tryptophan content during
incubation of the cream were encountered frequently wlth
geveral different orgenisms and combinations, Increases in
free tryptophan probably were Jue yri&ar&ly to proteln
hydrolysis., The decreases are more difficult to explain,
Reduction due to decomposition of free ﬁryptaph&n at low pH
represents a posgible cause but was not Anvestigated, &
number of tryptophen anslyses were performed on a single
s&myle with portions of the acetone extract belng adjusted to
0.2 intervals between pH 5,0 and 6,0, in order to determine
the optimum pH for filtration., In this gerles, no quantita-
tive difference in free tryptophan was obtained, Braz
and Allen (18) observed that an alternate hydrolysis and
synthesls of milk y?etéin osourred in the presence of
gtreptococel and lactobacilli, with synthesls ococurring
after incubation for a few days. Decreases result if some
of the iryptophan in peptide form and in position to resct
with the color r&&gﬁnﬁ were bullt into protein. Fluctu-
ations in free trypﬁeghan may also be due to a lack of
uniformity between the amount liberated by the protease and
utilized by the organisms, This seems to be the most logical
explanatlon for varlations, especlally when various environ-
mental influences such as pH, temperature, alr supply and
the presence of various products of organism activity are

considered,
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B. subtilis was the most proteolytlc of any of the
orgenisms or combinations studied. Within the range studled,
organism populatlon and protease activiily increased as the
temperature increased, indicating both the orgsnlem and ite
»gr@taaa@ preferred the higher temperature.

The maximum free tryptophen produced by the protesse of
Pg. fragl was approximately the same at 10 and 20° C, and
somewhal lower at 30e €, Amount of proleclysis was closely
related to cell population which also was lower at 30 (.,

The above quantitative correlation suggests that the
protease of thls strain of Pg, fragl was falrly @qaﬁlly
active over the temperature range of 10 to 30e €,

The maximum free tryptopban values produced by the
protease of L. casgel were guasntitatively similear, despite the
fact that there was much Jdifference In organism population
at the three ﬁém?&r&tmr@ﬁ. - The following explanation isg
effered, Within the temperature range studled, as the temper-
ature increased the population increased and the pH decreaced,
It is probable that in the samples contalning the greater
organism population and accumlation of 1&%@&3 acld, the low
pH inhibited elither the production or the activity of the
proteasge,

Bitter flavors suggestive of proteolysis were detected
at free tryptophan values as low as 13.5 p.p.m, 8nd were‘

uniformly present in cream containing 18 to 25 or more
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p.p.m, The presence of 2. lactleg did not alter the free
tryptophan level at which bitter or putrid flavors were

apparent, |

Effect of pH on enzymes

Within the temperature range studled lipolysis by §.
candidum increased substantially as the temperature
increased, although the populatlon was only slightly greater
at 20 than at 20¢ C. This indicates that the lipase pre-
ferred the higher temperature, When 8. lectls was combined
with G, condidum the lipase was greatly inhiblted. The
inhibition was attributed to the reduced pH resulting from
the accumulation of lactic acid, This conclusion was sube
stantisted by the fact that when ¢, candidum was comblned
with a weak strain of g. laectis, the pH reduction was less
and the amount of lipolysils, as measured by W.I.A, values,
was much greater. These rém&m agree with the work of
Helson (90), who found that the lipase of G. candidum was
retarded as the acldity inecreased, and became completely
inactive at pH 4,0,

When 8. lactis was cowbined with Ps. fragl the lipase
and protease of Ps. frapgl way have been inhiblted by the low
pH induced by lactic acld., However, in the 20 and 30* O,
samples there is & fallacy in thls conclusion because 8.

lactis inhibited Ps. fragl cell population. It is probable
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that at 20 and %0 €, the cell population was insufficient
to elaborate a functional gquantity of enzymes, In the 10e
C. g&mplﬁiewnﬁainiﬁgiﬁ, dactlg and Pg, fragl there is suf~-
ficlient reason to conclude that low pH partially inhibited
the lipsse and protease @miymea, although substantial fat
hydrolysis ocourred at pH 4,22 to 4,46, Ps. fragi attained
sufficient population to provide e fun&tiaﬁalyquantity of
enzymes, but the activity of both enzymes at this temperature
wag much less then when Pa, fragl was grown alone.
| Low pH induced by B. lactls exhibited 1ittle influence
on the protesse of B, gubtilis when B. lactle and B,
subtilie were inoculated into sterlle cream and incubsated
at 10 and 20° ¢, A% 30° €. the pH was 4,62 and 4,31 on the
first and third days, respectively, and the protease
activity, as memsured by free tryptophan production, was
inhibited, The data sugpest that with thig combination of
organisms there was 1ittle decline in rate of proteolysis
until the @ﬁlﬁearﬁaaaﬁ to about 4,685, Proteolysis dld not
cease until the pH r@aah@ﬁ %.ﬁﬁ to 4.55, It is noteworthy
that incresses in free tryptophan continued after the popu-
latlon of both organlisms began to deecline, indleating that
the protease functioned independent of cell growth,

When A, serogenesg and 8. lactis were combined the
protease aotivity at %0¢ O, was interrupted after the Tirst
day, probably by the ropld pH decline, At 200 €, the rate

of decline in pH wag slower and vigorous protease activity
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continued until the third day, before leveling off or
decreasing.

With most of the organiams studled lndividually and in
combination with 8. lactis, the free tryptophan value began
to level off or decresse simultaneously with the ocourrence
of n@argmiﬂimmm pH, It h&s been mentioned previously that
decresses in free trygﬁ&ph&n probably are attributable to
organism utilization exceedlng protease graﬁuctién, It is
noteworthy that these decreases began at pH values ranging
from 4.5 to 5,25, The protease elaborated from the combi-
nation of 8, lactis and L. casel displayed conslderable acid
tolerance, for increases in free tryplophan continued %o
occur, but at a decreaged rate, after the pH declined below
h.5,

When pure cultures of 8. lactls were inoculated into
cream, innre&sém in titratable acldity continued after the
population began %o decline, indlcating that the carbo-
hydrate fermenting enzyme functioned independent of cell

growth and apparently wes less sensitive to decreasing pH.

Lhanges in orgenlsm population and effect of interrelatlon-

shlp of or

zandgns on populalblon and deterioration in cresm
The decrease which aaémrﬁ in 8. lactds population when

growing in milk and cream 1s commonly attributed to declining

pH or inoreasing titratable ascidlity. There may be another

unidentified factor because these btwo characteristics were
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approximately the same in cultures of £. lactlis growing in
sterile cream at 20 and 3%0¢ €, and the rate of population
decline was much greater at 30 C, ﬂince the decrease also
oceurs in pure cultures, competition from other organiems
cannot be szolely responsible.

‘Gamhiﬁingaﬁ,,1actis\withlg, coandidum caused & numerical
stimulatlion of G. cendidum population at all three incubation
temperatures, This may be due to preference of the mold for
low pH. In most instances mold counts on acldulated potato
dextrose agar were slightly higher than on 7.G.XZ.M. agar;
however, this variation was not conslstent, The utilization
of W,I.A. by 8, lactls was less apparent in the presence of
G. candlidum, probably beceuse W,I.A. was belng produced con-
tinuously by G. candidum, Raneld and moldy [lavors occurred
at lower W.I.A, values when $, lactis was combined with §.
gandidum; this has been explained previously. Despite the
fact that 5. lactls inhibited the lipase of (. candidum, the
rate Qf~mrganaiﬁ@ﬁia deterloration was incressed when 8.
laotls wae combined with G. candidum. | |

When 8. lactis was cmm’ibme&‘mth I. oremorig, & pro-
nounced inhibition of the cell population of I. cremoris was
apparent, Although the yeasts are considered to be acid
tolerant, the most loglcal reason for the inhibition of T,
cremoris seems to be the low pH caused by 8. lactis action.

This assumption is supported by the fact that platé counts



of T. eremoris were substantially lower on acldulated potato
dextrose agar than on T.G.B.M, agar. In assoclation withlg,
eremoris there was no notlceable inclination for §. lactis
to utilize w@x;&, or produce Tree tryptophan, The presence
of 8. lactls in combination with I. cremoris reduced the rate
of organoleptie deterloratlon at 10° C, but exhiblted no
influence at 20 and 30° C,

The inhibitory effect of 8. lactls on the lipase,
protease and population of Ps. fragl was much greater at 20
and 30° €, and has been previcusly attributed %o low pH

caused by lactic acid accumuletion, However, when 8, lactis

was combined with Ps. fragl, the scldity produced by 8.

lectis increased the rate of organoleptic deterioration at
all temperatures,

Low temperature seems to be the only factor regponsible
for the abrupt decresse in A. aerogenes population at 10e C.,
aithough meny coliform bacteria tend to increase at thls
temperature, The‘axtr@mﬁly high free tryptophan values wvhich
oceurred at 20 O, when;éﬁ»l&atia,aﬁ&jﬁ, aerogenes were Colw-
bined seem to result from the aynafgisﬁia action Qf the two
organisms, because the gquantity greatly exceeds the combined
tryptophan production of the mrg&mismﬁ when grown individually.
The data also indicate that an extremely high free tryptophan
value would have oceurred at 30° €, Af »roteolysis had not

been arreasted by & more rapid daaline‘in pH, Inoculation of
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8, lsctls with A. aerogenes had no apparent effect upon the
rate at which &, serogenes caused orgsnoleptlic deterloration
in crean,

When B, lactis was combined with B, subtilis there vas
& pronounced &mmma in B. subtllls population which began
when the pH decreased to sbout 5.5, The B. subtilis count
ultimately diminiched to lese than 500/ml. at all tempera-
tures, wlth the rate belng related to pH decline, Harshall
(8%) and Cox and ¥Whitehead (29) reperted that B. subtilis
in smell numbers stimulated the population and acld pro-
duction of 8, lactig, No stimulating influence was evident
in this work in ’z}:ﬁi ch the initial inoculatlon everaged about
250,000 8, lactls end 500 B, pubtilis per milliliter. The

subtli

addition of 5. laetis to B. 1is increased the amount

of @mwmmm and the rate of organoleptic deterioration
at 10 and 20% ¢, At 30° C. the presence of 3. lactis
retarded proteolysle but did not meterially Influence the
rate of organcleptlc deterloratlion by B. subiilis,

When 8. lactls and L. cased were comblned, the result-
“ing pH was lower than with any other combination of
organisms and an extremely ropld decroase 1ln 8, loctls
populostion occurred., At 20 and 30° ¢, thls combinatlon of
organlsms was able to produce free tryptophan values which
were greater than the sun of the guantitles produced by the

organismeg individually. Also with this comblnation of
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organlsms, titratable acldity increase and pH reduction at
20 and 30° C. was greater than occurred when either organiem
was grown alone, indicating that these factors are partially
accumulative, Except for greater meximum acid productlon,
the addition of B, lactlig did not influence the rate of

organoleptic deterioration caused by L. casel.

Conmercial Samples

Deoresses in, and in some cvases the total dlsappearance
of, coliform baeteria occurred to a greater extent than
anticlpated, There was only one instance in which the com-
mercial samples deteriorated to N.¢. and retained any
surviving coliform bacterla, There was one instance in which
the coliform bacteria had disappeared from grade ¢ cream,

At the lower temperatures coliform bacteria showed initlal
inoreases and lesser subsequent decreases. Thelr decline
occurred simultaneously with decresses in pH below 5.0 and
development of high yeaﬁt and mold papul&ﬁimnﬁ; however,
these conditions may be only coincldental, The aand&iiana
prevailling in souring cream whlch influence the death rate
of coliform bacterla should be lnvestigated.

In the commercisl samples of cream no positive
correlation exists between the incubation temperatures and
the W.I.4, values, The greatest W.I.A. values occurred at
10° €, in the excellent quallity cream and at 20° C, in the
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medium snd poor quality cream. The maximum W.I.A, values
did not colncide with degree of arganaléptia deterioration,
vhich wag most rapld at 20° ¢. in all ceses., In each of

the aommérai&l gamples incubated at 30 ¢, the pH was below
4.5 on the first day, The greater lipolytic action at the
Lower temperatures probably was due to the higher pH at these
temperatures. W.I.A. values were not directly related to
lipolytiec counts in any of the commercial samples at any

of the incubation temperaiures.

In the excellent and medium quallty commerclal cream,
proteolysie was much greater at 30° O. than at the other
temperatures, despite the low pH, AT 30° C. the poor guality
cream did not remain salable long enough to establish a
pattern, but proteolyeis was cquite pronounced at 10 and 20
C. Low pH seemed %o exert lese inhibitory 1nfluenca on the
proteaczes than on the 11@&%@5 encountered in commercial
cream, The extreme acld tolerance of proteases naturally
occurring in commercial cream is noteworthy. In two
instances the free tryptophan increased from 9 to 47 and
from 7 to 51 p.p.m, &ft@r‘th@‘yﬁ had declined below 4,0, In
the samplés in which the pH decreased bslow 4.0, lactobacilli
probably were responsible for most of the aecld development,
but the evidence is not conclusive because mold interfered
with lactobacillus counts, The yeast and mold counts were
high in all semples with a pH below 4.0, Gas production by
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the yeasts and fat hydrolysis by the molds probably con~
tributed to the low pH., The W,I.A. content of samples with
& pH below 4,0 varied from ot to 1,067 mg./100 g. fat,
which does not suggest a great pH reduction by lipolysis.
There was good correlation between increages in frea
tryptophan and organoleptic ﬁet@riar&tian; hoyever, the
latter also was related to increases in acidity. There
appears to be some agreement between increases in prateelyzia
population and in free tryptophan but the relation cannot be
subgtantiated becauge mold Interfered with proteclytie counts.
The data on commercial samples are lnsufflclent to merlt
extensive conclusionsg; however, 1t seems appropriate to
indicate the ranges in W.I.A, and free tryptophan values
that were encountered with the various organoleptle grades
of coream, All of the commercisl samples on which analyses
were performed are included. There were seven samples which
graded Ah or A, The free tryptophan content ranged from O.U4
to 2.5 p,p.m, The ¥,I.A, values ranged from 128 to Wil mg,/
100 g. fat, Pourteen samples were grade B, The free
tryptophan ranged from 1.6 to 11.9 p.p.m. and W.I.A. ranged
from 59 to 819 mg./l00 g. fat. There were ten grade C.
samples, The free tryptophan ranged from 1.0 to 21.0 p.p.m,
The W.I.A. renged from 61 %o 639 mg./100 g. Tat. The
Federal Food and Drug Administration has been rejecting as

unfit for food cream and butter contelning in excess of K00
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ng, of ¥W.I1,8./100 g. fat., 1In tables 7, 8 and § there are
five samples of er@&mfwhia& graded C or above arg&nblegti~
colly but exceeded the W,I.A, gtandard, There are also
five samples of similar quality oream whlch contained in
exoess of 10 p.p.m, of free tryptophan, However, 10 p.p.m,
is only an arbitrerily suggested value which seemsg appro-
priate if a maximum for acceptable quality is to be proposed,
Neither the W.I.A, standard of 400 mg,/100 g. of fat usged by
the Federal Food and Drug Administration, nor the above
suggested free tryptophan stendard of 10 p.p.m. can be
detected organolenticslly. | o

The fallagy of using only chemlcal methods of measuring
quality ie reflected by numerous instances of extreme
fluctuations in the guantity of W.I.A, and free tryptophan
gr@agnt in cream during incubation at varlous temperatures.
Deteriorating oream conceivably could change from an illegal
to o legal category as organisms or enzymes effected a
reduction in W.I.A, or free tryptophan., Chemlcal tests
should be used as & supplement to, and not in lisu of

| organoleptic gr&ding;
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SUMMARY AND COMCLUSIOHS

1, Excellent quality 35 per cent cream was gterlillized
by intermittent steaming for 1 hour on each of 3 successive
days, Groups of samples were inoculated with an organism
commonly encountered in deiry products and incubated at 10,
20 and %0° C, for a maximum of 10 days or until the creanm

deteriorated below the level of commerclal acceptabllity,

The individual organlsms also were palred with Streptococcus
lactls and both cultures lnoculated inte similarly
gterilized cream, The organisms used were Geotrlchum

candidum, Torula cremoris, Pseudomonas fragl, Aerobacter

aerogenes, Lactobacillus gcasel, Baclllus subtilis and

dtreptococcus lactls, The cream samples were analyzed at

0, 1, %, 5, 7 and 10 days for organlsm population,

titratable acldity, pH, W.1.A,, free tryptophan and com~
nercial grade.,  Samples of excellent, medium and poor guality
raw uninoculated oream were incubsated and analyzed in the
game manner,

2., Geotrichum candidum and Pseudomonag frapl were the

most llpolytic orgeniams examined., Geoltrichum candidum

produced maximum lipolysis and populatlon at 30 C,, with
8,38 mg, of W.I.A./100 g. fat formed in 10 days,

Pseudonones fragl produced maximum population at 20° C, and
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meximum W,I,A. at 30° C., with a value of 6,855 mg./100 g.
fat occuring in 10 days, indicating that the opiimum tempeor-

ature for the lipase of Pgeudomonas fragli was above the

optimum temperature for orgonism raprw@&ctioa. Organocleptic
deterioration was greater at 30° (., indicating that quality
deterloration was more intimately associated with enzyme
activity than organism population, In cream containing only
Geotrichum candidum & rancid flavor was noticeable at W,I.A,
values as low as 840 and 1,027 mg./100 g. fat and a moldy

flavor was present at 2,%37 and 3,074 mg./100 g. fat, Waen

Gaatrieng%‘a&mﬁi&qg‘an& Strevtococcus lactis were both

inoculated into sterlle ér@&m, rancld flavors were evident
as low as 329 and 402 mg./100 g. fat and a moldy flavor was
apparent at 868 and 1,067 mg./100 g. fat., Decreases in

W.I.A. in the presence of Streptococcus lactlsg were encoun-

tered in geveral instances, Utilization of W.I.A. by

Streptococous lactis was demonstrated by adding known

gquantitles of olelc acld to Streptocooccus lactls cultures

in sterile cresm and quantitatively measurdng the amount of

decrease,

3. Bacillus subtilis, Pseudomonas fragl and

Lactobaclillus cagsel produced substantial quantities of free

tryptophsn in sterile cream. Baocillus subtillis was the most

proteolytic and produced 46 p.p.m. of free tryptophan on the
third day at %0° €. Bltter flavors suggestive of proteolysils
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were detectable at free tryptophan values ag low as 13.5
p.p.m, and were uniformly present in ¢ream containing 18
to 25 p.p.m, Among all of the proteolytic organlsms
studied, fluctuatlons in the free tryptophan content
occurred during the ineubation perloed, These fluctuations
were attributed to a lack of coordination between organism
utilization and enzyme liberation of free tryptophan, which

seemed %o be influenced by pH. Sireplococcus lactis and

Aerobacter aerogeneeg combined produced & guantity ef'free'

tryptophan greater than the sum of the production of the
two crganisms individually.

4, The presence of Streptogoccus lactls was inhibltory

to the population development of Torula cremoris, Pseudomonas

fragl, Baeillug subtilis and Aerobacter aerogenes. The

beginnings of populatlon declines were generally assoclated

with maximum Streptococcus lactls population and minimum pH.

The presence of Btreptococcus lactls stimulated the @cpu~‘

lation development of Geotrichum candidum, The normal

porulation development of Streptoccus lactls was lnhibited

by the presence of Aerobacter aerogenes and Lactobaclllusg

casel. The population of Aercbacter aerogenes, both when

alone and when assoclated with Bireptococcug lactis,

decreased continuously throughout the lncubation perliod at
10¢ €. In the commercial samples incubated at 30¢ O,

coliform bacteria counts decreamsed as the quality decreased,
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The most rapid orgeanoleptic deterloration, in the inoculated

samples was caused by Toruls cremorls and Aerobacter

aerogenes at 20 and 30° C., but nelther orgenlsm produced
&igﬁiﬁiaant qﬁantitiaa of W.I.A. or free tryptophan,

5. The presence of Streptococcus lactls and the

accompanying reduction of pH inhiblted the lipase actlivity
and the W.I.A, production of Geotrichum candldum and

Pgeudomonas fragl; however, 1n one instance, the lipase of

Pseudomonas fregl was active at pH 4,22, In commercial

samples containing high mold and high lipolytic bacteria

populations, low W.I,A, valuee prevalled in the presence of

low pH. The low pH induced by Streptococcus lactis
materially reduced the protease activities of Bacillus

subtills and Pseudomonas fragl. Protease activity continued

after Baclllus subtllis populatlon begsn to decline, 1indlcat-

ing that the enzyme functloned independent of the cells,

6. In commercial samples of cream no correlation
existed between W.I.A, values and incubation temperature, but
greater'frea tryptophan values uniformly cccurred at 30° €,
In seven samples of cream which graded AA or A, the free
tryptophan canﬁent ranged from 0.4 to 2.5 p.p.m, and the
W.I.A., ranged from 128 to WH: mg,/100 g. fat, In fourteen
samples of grade B cream the free tryptophan ranged from
1,6 to 11.9 p.p.m, and W.I.A, ranged from 59 to &19 mg./100
g. fat. In ten grade C samples the free tryptophan ranged
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from 1.0 to 21.6 p.p.m. and the W.I.A, ranged from 61 to
639 mg./l00 g, fat. Fourteen samples of cream, randomly
selected, delivered to a commercial plant ranged from A

to C.¢. in grade and conteined from 1.5 to 13.0 p.p.m. of
free tryptophan, The maximum free tryptophan contained in
creanm grading C or above was 7.3 p.,p.m. Fourteen samples
of commercisl butter, randomly selected, ranged from AA 1o
C.G. in grade and contained from 0.9 to 17.0 p.p.m, of free
tryptophan with the lower values belng uniformly associated
with the higher grades. The maxlimum contalned in butter
grading ¢ or ebove was 16,2 p.p.m., Increases in free
tryptophan occurred in butter stored at 40= F. for 90 days,
A gtandard of not more than 10 p.p.m, of free tryptophan is
suggested for aaeaﬁﬁﬁbla products,

7. The considerable fluctuatlons which may ocour in
guantities of W,I.A. and free tryptophan during holding of
cream limit the sbillitly of these chemlcal tests to ascourately
sssess quality., Organism activity could cause cream to
change from an illegal to & legal aatagary‘durlng progressive
deterioration. Chemiocal tests aﬁﬁulﬁ be uged as a supplement

to, and not in lieu of, organocleptic grading,
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