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A little more than a year ago, the first production
of precooked frozen foods in Yugoslavias had been started by
meat factory "Mitros". Bacteriological surveys of the precoo-
ked frozen foods have been carried out simultaneously with
the advancing of the production, in order to ensure a regular
technological processing for the manufacturer, to get hygi-
enically faultless products with a high keeping quality and
a standard quality.

In the bacteriological sense, the precooked frozen
foods differ a great deal from those in cans, as the latter
are after the finishing processing put into the aluminum
foil containers, without additional thermal treatment, and
besides, those containers are not hermetically closed. The
temperatures of boiling and roasting only, are not sufficient
to kill all bacteria, so the infection can increase during
the treatment of foods, especially at the moment of pouring
them into the aluminum foil containers, The still existing
bacteria will then be given the possibilities of serwiinaiing
under certain oconditions of storage, and so they can not
only minimize the keeping quality of the product, but also
endanger the lives of consumers.

2 . A review of literature

The first investigations of precooked frozen foods
were carried out in U,S.A. in the periods from 1930, till
1933., but they were chiefly concentrated to the technonloginal
direction, In the last twc decades there can be found in the




l4terature more and more data concerning the bacterial

flora of precooked frozen foods, with such works still
increasing after the year 1947. Proctor and Phillips appear
at just that time with their work about the bacterial flora,
which included more than a hunred sorts of precooked frozen
foods, There can also be found numeral and very important
data about precooked frozen foods in the book written by
Tressler and Evers. By the number of published works and
the variety of problems concerning precooked frozen foods,
the periods from 1955, till 1957, are the richest ones,

Paralelly with the beginning of the production of
precooked frozen foods in U.S.A. in mass, also appear the
first standards defining a maximum of bacteria count. With
the introducing of precooked frozen foods into the table of
feeding of the U.,S.Air-Force in 1951., are also brought the
standards by which the total count of baoterla in those
foods must not be over)| 100 000 per gram,, but coliforms
must not be more than 10 per gram, The civilian regulations
are still more rigorous, suggesting for the standard the
count 50,000, as the maximum per gram,

In Czechoslovakian standards no definite number of
bacteria in precooked frozen foods is fixed, but it 1is
required that in frozen beef tripes and frozen beef goulash
must not be any pathogens, nor a high number of any baoteria
that would indicate a high deterioration,

In Yugoslav technic literature there can be found no
data ooncerning mioroflora in precooked frozen foods, and
since so far there was no such production, those foods are
not mentioned in existing regulations.




Methods and materials

For bacteriological survey of precooked frogzen foods,
manufaotured in meat factory "Mitros", have been taken 253
samples, as follows: 183 samples of one-dish meals, and 70
samples of three-dish meals., The survey included the whole
assortment of the production, and that is: 5 sorts of
one-dish meals, and 4 sorts of three-dish meals, packed in

Tn the examinations the usual standard technigue
has been used. We were def*ning: a; The total plate counts
of mesophiiic bacteria, b/ The numberof sporogenous mesophi-~
1ic aerobic hacteria, c/ The nuiw.j of proteolitic bacteria,

> gluminum foil containers.
|
r

d/ The number of sporogenous thermophilic bacteria,

e/ Colititer, £/ Salmonella, g/ TFeccal streptococei,

h/ Sporogenous anaerobic bacteria, and i/ Staphylococcl ~
with a special view to the coagulasa positive.

Results and discussion

gverage total plate count ol bacteria in the

-
g
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samples of one-dish mezals have been from 313 tc 37.7323.
/see table 1,/ end in those of shree-dish meals from 18 to
51,306, bacteria per gram, /see table 2./« An extremly hign

total number of bacteria has been found only in two single
cases, as follows: In one sample of beef tripes - 836.000.,
and in one sample of three-dish meal - meat patty with
potatoes in sauce -~ 416,000,

For 4the comparison of our results of the total plate
count of bacteria we shall use a few data from forelgn
} literature, in which these problems are treated. For example,
Prootor and Phillips, having cerried out a bacteriological
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survey of precooked frozen foods being marketed in England
in 1947. and 1948., have found out that the total plate
count differed greatly, with the evaluations in same cases
being over 1,000,000. per gram, Buchbinder and co. have in
more than 50 per cent of surveyed samples of chicken a la

king found over 1,000,000, per gram,

Contrary 4o those data, Huber and co. have in 1,282,
samples of precocoked frozen foods found 86 per cent of
samples having the total plate count under 50.000. per gram,
Doreen and Thatch have cbitained similar results having

examined 117 samples of precooked frozen foods, originating
n

e
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from nine Canadian and American plants. The average total
€

plate count of bacteria per gram of chicken have been 24,000,

of turkey 90,000,, and of beef 4.000,

Probably on the ground of these and other similar
surveys have been made the American sanitary regulations,
the maximum of plate count of bacteria per gram of preco-

ing 50.000,

oked frozen fcods be:

If our values of the total count of bacteria in precooked
frozen foods, manufactured in "Mitros", are compared with
the above cited foreign data from literature of standards,
it can be observed that they are only exceptionally over
those values. From the data quoted in tables 1, and 2.,
there can be observed wider variations of the total number
of bacteria betwesn some sorts of foods, but it 1s also
clear that there are some very extreme differences between

the samples of the same scrts of meals,

It is very remarkabtle that, on the ground of the data
quoted in table 3., ccncerning one-dish meals, in more than
50 per cent of samples the total plate count was less than




1,000, per gram, Not even in one sample of meat patty with
potatoes, beef goulash, and bean soup with bacon the number
of bacteria, was over 50.000; per gram, Only in several
samples of beans with sausages, and beef tripes in sauce,
the total number of bacteria was over 50,000,, Tesp., 100,000
per gram,

The three—~dish meals, with regard to their components,
have the higher bacteria count in comparison with those of
one~dish meals, Only in some single cases, which is a very
small percentage indeed, in relation to the number of sur-
veyed samples, the total plate count overpass the number of
50.000.,, or 100,000, per gram, In all those cases the question
i1s about meals made of ground meat.

The variations of the bacteria count in precooked

frozen foods, led Hartman and co. to conclude that the
bacteria count in different samples of the same food depend
on the season, the day of the week, and even on the hour
during the working time,

By all means the initial infection and the technologi~
cal processing play a deoisive part in the bacteria count
in the final product. The boningoutand the chopping of meat
are very important, and a long time ago noted factors.

For the purpose of estimating the rate of the initial
infection, Proctor and Phillips had been defining the total
count of bacterla using both direct microscopic and culture
methods, In such ways had been obtained the data of the
number of 1living bacteria in relation to that of killed ones,

As the proteolitic ferments of micro-organisms are
capable of decomposing of proteins, and in that way influ-
encing the keeping quality of precooked frozen foods, we were
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also deflning in our examinations the number of proteolitic
bacteria,

With the found values of proteolitic bacteria we can
be absolutely satisfied, as their number is high only in
single cases /see tables 1., and 2./« Unfortunately we have
not been able to find any similar data of examining of
proteolitic bacteria in available foreign literature.

In some samples of surveyed precooked frozen foods,
the number of sporogenous bacteria were over 1,000, per gram
/meat patty with potatoes, meat patty, sauce piquante,
spaghetti/ Such a finding might indicate an initial infection
and points out to a need of devoting greatest care to the
hygienic view of manufacturing.

From the table 5, it turns out that the number of
spores of thermophilic bacteria in more than 95 per cent of
the cases were less than 50,000, per gram, Under 10,000,
spores were found in 93,6 per cent of samples of meat patty,
in all examined samples of beef goulash, in 89,5 per cent of

samples of bean soup and in 60,9 per cent of samples of
tripes.,

In three-dish meals the situation has been somewhat
different concerning the spores of thermophilic bacteria, and
there have been samples with over 100,000, per gram, in about
20 per cent,

Similar data concerning the count of spores of ther-
mophillc bacteria in precooked frozen foods could not be
found in foreign literature.

In some samples of one-dish, and those of three-dish
meals, has been found a positive colititer in the dilution




tion could be isolated E., cols

Our finding of streptococci in one-dish and three-dish
meals /see tables 7, and 8,/ differs widely from those in
foreign literature, Ir

B
(o)

cole and co, have found them in nearly

all examined samples of precooked frozen foods, while Huber
has isolated them at one plant from about 30 per cent of
examined samples., Doreen and co. had in precooked frozen
foods been finding even the number cf 2,510 streptococei per
gram,

In the tables 7. and 8. are zlso showed the results
of findings of coagulase positive staphylococci. For these
examinations we have decided beczuse of well known reasons,

for staphylococci can eéndanger public health causing toxic-

o Lol

infections. In spite of the *act that in our examinations

haven’t been included the £ ndings of the total count of
staphylococci, buto only their presencec, we are able to state
that the examined precooked frozen foods, notwithstanding
the finding of coagulase positi

Lve staphylecocci, had never
been of potential danger, for the total number of bacteris

in them went only to the maximum of 836,000 per gram., If the

£
total count of 836.000., per gram has all been consisted of

only coagulas&*posﬁtive staphylocoecci, it would probably be,
by the oitation from foreign literature, insufficient to

cause food-poisoning and intoxication of people, Elek quotes
that a very abundart growth of staphylococei is required for

r human health., Frazier thinks that

making food dangerous fc
only the number of several

millions of these micro-organisms
can possibly cause an appea

a
Dack and Tanner bring cut the examples of foods that had

caused the intoxications of neople, from which it can be
observed that the number o7

o]

stephylccocci per gram varied

of 1:10 and 1:100, but not even in one case by lster determina-

rance of symtoms of an intoxication,




widely from 5,000.000. to several hundreds of millions per

| 8ram,

In his very interesting work, Peterson has surveyed
the possibility of multiplication of staphylococei 4in
precooked frozen foods. The same author has found out that in
defrosted precooked frozen foods, kept on the temperature
between 20°C and 37°C, staphylococei multiply a great deal
slower than coliforms and other microorganisms, and the
product becomes thoroughly organicaly changed before the
count of staphylococci multiplies sufficiently to cause a
disease,

Not in a single of inspected precooked frozen foods
have we been able to note Salmonella /see tables 7. and 8./.
Similar results can also be found in foreign literature,
with a single exception of the work of Ercole, stating that
in five to ten per cent of inspected samples of precooked
frozen foods has been observed Salmonella. Usually Salmonella
can be jisolated from those samples that have had an excepti-
onally high total bacteria ocount, so there supposedly was
the question of low hygienic conditions in the manufaoturing.

In relatively small number of examined samples we
have been able to find spores of anaerobic bacteria /see
tables 7. and 8./, It is a pity that we have not been able to
find any such data in foreign literature, so no comparison
can be made,

Summary

If we now in the end summarize the resulte of bacteri-
ological surveys of precooked frozen foods, manufactured at
meat faotory "Mitros", with regard of all difficulties that




inevitebly follow the introduction of new products into
regular manufacturing, we can be absolutely satisfied with
results so far obtained. The established total plate sount
indicate that the technological processing of the production,
though with still plenty of manual labour, has been on a

good hygienic level, which has been the reason that the
survival of microorganisms after cooking has been within the
limit of foreign norms., Let us believe that, with the

further mechanisation and technical improvements, the st4ill
existing deficiencies will be removed, and precooked frozen

foods of a high technological and hygienic quality will be
manufactured,
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meal

Beef patty with
potatoes

Beef stew with
macaroni

Beans with bacon
Oor smoked meat

Beans with
sausages

Tripes in sayce

B

ULTS OF BACTERIOLOGICAL EXAMINATIONS OF ONE-DIS
A

PRECOOKED FROZEN

N

Number of
examined
samples

38

42

H
MEALS
Table 1
Count of mesophylic bacteria Thermo-—
Total Proteolitic  Sporogenas philes
o129 175 48 3.986
40-13,000 0-1.500 0-1.000 0=78.000
15715 39 20 1.434
0-28,000 0~190 0~120 0~5.600
333 3 i 4.580
0.3.360 0-~125 0-80 0-20.300
7.084 325 33 T.494
0~180.000 0-1.500 0-560 0-47.200
133 100 23 16,419
0-836.000 0-=2.000 0-280 0-53,750
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THE RESULTS OF BACTERIOLOGICAL EXAMINATIONS OF THREFE-DISH PRECOOKED
FROZEN MEALS

~ + AF mecao CRrig Y P -aT1l 9
Tumber of Count of mesophylic bacteria R
Item examined Name of meal Part of meal Total Proteolitic Sporogenes philes
samples
nR T e g e P A T S AR AR R G R e P SRR o it it L RN - L S P RN R SR g
X 3 Beef steak with Beef steak At e o . L
S 7 0-~100 0-10
sauce,potatoes,
salad o 18 4
Fried potatoes i - o
p - 0-60 0-20
0
Salad 264 4 4200
: 0-710 0-10 0-~12.000
2 15 Beef patty,sauce Beef patty 5.480 96 405 17.395
potatoes 0~58,800 0-300 0~-6080 0~224,000
Fried potatoes 34,733 41 14 9.205
0-416,000 0-200 0-50 0-67.390
Sauce 2.836 30 922 69.735
0-~39.,200 0-~110 0-13.600 0-616,000

e 0 ... T B . P S O AT . S A A T AR

3 20 Veal stew,salad,  yeal stew 94380, ;¢ W ek 21 62.570
macaroni + R 0-10.300 0~100 0-110 1930=-492.000
AR 51-306 105 348 63.101
b et 10-40"000 0-1600 0-3840 40-592, 000
Salad 13.737 16 20 44,298
> 0-164.000 0-100 0-130 0=240.000
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4 30 Boiled beef,toma- BRpiled % 1474 124 14 1530
to Saucc,pétat;es MRALRY Dask 0-29, 600 0-2500 0-100 0-312,000

FT191 44 9 1071
0-6450 0-520 0-40 0-25.700

Tomato sauce 92 39 5 788

Boiled potatoes

0-415 0~300 0-60 0-15.000 g
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THE NUMBER OF IHESOPHYLIC BACTERIA

DRTONNDIINT DN N7
LUV ARND 1'HUOL B

lumber ___ Total count of mesophylic bacteria " A i L L M s YO e D
wvaagvbd Sterile 1 - 1,000 1.000-10,.000 10,000-50,000 50,000-100.000 more then
CA 11e e
) = ; 100,000
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v d 7 7 » 7 o Vel
Samples 0 of % of % of % of % of %
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Beef patty with
potatoes 1 3 - - 20. .64 55 10 BeLe 1 32 - - - -

Beef stew with ;
macaroni £ 2 6,4 21 04,9 7 2255 1 % 45 - - - -

Beans with bacon

or smoked meat 38 5 133k 29" 76.5 4 10,5 - - - - - -
Beans with :

sausages 42 2 4,7 e o D0 16 38,3 2 4,7 - - 1 2,3

Tripes in gravy 41 5 180 28 68,2 4 B - - 1 2s4 3 T: 3
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THE NUMBER OF THERMOPHILIC BACTERIA IN EXAMINED SAMPLES OF THREE-DISH
PRECCOKED FROZEN HEALS

Table 6

Count of sporogene thermophiles in 1 g

Number a G 51 TR £ A e R PR T
of Sterile 1-1,000 1.000-10,000 10.000- 50,000- more them
Pkt 900 50,000 100.000 100,000
o Nakia' of nbat i Big examined _. SR R o S d Aokt ol g
peem Hame of .ngal iPart. ol meal Jonjen’ Ooubt » Lounf _ Count . “iCount. ! Lount . iGommt’ .
of % o ity fG BV % o Py Rof % fo %
samples samples samples samples samples samples
1 Beef steak Beef steak 5 5 100 =~ - - - - - - - - -
with sauce, Fried potatoes 5 5 100 - - - - - - - - - -
vl drl Salad 5 95 A000L1 B0 1 180 TR R R T
2 Beef patty, Beef patty 15 2 h g A M S8 P 8 5343 % 6,6 - - . 6,6
sauce Pried potatoes 15 - - 4 26,6 6 40,0 1 6,6 2 X33 2 1333
potatoes Sauce 15 - - 5 549 7 46,6 ! 6,6 2 235 - -
3 Veal stew, Veal stew 20 7 35,0 - - .. 25,0 6. 300 - - 2 10,0
salad, Macaroni 20 o o R A 1A o 2050 5 4. 200 1 1 5,0
macaroni Salad 20 7 35,0 ~ - 5 25,0 a4 180 1 540 4 20,0
4 Boiled beef, Boiled beef 30 L2k 86,6 2 6,6 = - 1 343 ~ ~ : | 3.3 %
tomato sauce, Bpiled .
potatoes potatoes 30 2b 8662 e 33 b § Je - = o s
Tomato sauce 30 20/ 2 BB Q00 - - A e - - -




Bacterial group
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MVKPOBHOJIOTA 3AMOPOFEHHIAX I'OTOBBIX BJE BRIPABOTAHHIAX
B [IPOMEIWIEHHON CKOTOBOMHE "MATPOC"

P, Haxyna, 3.Bem, u Joouua Hixomy

Conepraune

B Tpyne paspaGoraun pesympraTH MUKPOCHO IO MUE CKOI'0
MccienopamMs 253-€X 00paslOB SaMODOXEHHHX I'OTOBHX 6n0r, BH-
PaCOTaHHHX B NPOMHMJIGHHOM CKOTOGOMHE "MuTpoc",

Bum onpegeneHd cienyimue MUKPOOPraHnsMH: &/ odmee
YMCT0 MEBOQUIBHHX GaKTEpUH; G/umco CTIOPOBHX ME30PUIbHHX adpol-
HHX OaKTepuu; B/ uucy0 MPOTEO MUTUUHHY CaxTepuu; r/ umeno crnopo-
BNX TePMOQUIBHHX CakTepun; L/ KoJMTUTD; €/ cajMOHeJH ; ®/ dexanp—
HHE OTPENTOKOKKM; 3/ CINOPOBHE aHAIPOGHHE CaxTepuu U cTadUIOKOKKH,
& B OTASJIBHOCTU KOAr'yJass MOBUTUBHHX,

baxTepuonornyeckas xapriHa UCCIeAYEMHX 3aMOPOXEHHHX
POTOBHX OJKN, 8a MaJHM KMCKIOJEHUEM, COOTBETCTBYET 3apy6eXHHM
0aKTepPUOIOTNYE CKAM HOPMAaM,

Mo®em GHTE BMOJHE IOBOJIBHH DOCTUTHYTHMA P€S3yIbTaTaMu
©CJM yuecTb BCE SATPYAHOHUA, KOT,BOSHUKAKLT NpH MPOU3BOLCTBE

HOBHX TOB&POBR B DEryJAPHOM MPOMHIJIOHHON NEATE JbHOCTH,




| MICROBIOLOGIE DES PLATS
i L ABBATOIR INDUSTR
!

takula,R, Bem,Z.,, Nikdlié Ljubica

Institut de l'industrie alimentaire, Département de la

téchnologie de viande, Novi Sad, Yougoslavie

SOMMA IRE

Dans ce travail on a donné les résultats d’examin
bactériologique sur 253 échantillons des plats cuisinés
congelés, produits & 1’abbatoir industriel "Mitros". On s
determiné les microorganismes suivants:

a) le nombre total des bactéries mésophiles b) le nombre des
bactgries gporogénes mesophiles a érobiennes, c) le nombre de
bactéries protéolytiques, d) le nombre de bactéries SPOTO~-

. genes thermophiliques, e) coli-titre, f) salmonel es,

g) sidreptocoques fécaux, h) bactéries sporogenes anaérobiennes

41C0

i) staphylocoques - spécialement la coagulase~positives,

Le tableaux bactériolegique de plats cuisinés congelés
examinés correspond, en général, aux normes étrangeres, &
petites exceptions. Les résultats atteints dans 1‘industrie
sont satisfaisants ayant en vue toutes les difficultés qui
suivent 1 inauguration de produits neufs & production
industrielle .régulidre,
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Zusammenfassung

Die Arbeit brachte die Resultat
schen Untersuchung von 253 Mustern tiefgekiihler fertiger
t

Speisen, erzeugt im Industrie-Schlashthaus "Mitros",

Es wurden folgende Mikroorganismen festgestellt:
a) Gesamt Zahl der mesophilen Bekterien, b) Anzahl der sporo-
genen mesophilen aeroben Bakterien, c) Anzahl der proteoli-
tischen Bakterien, d) Anzahl der sporogenen thermophilen
Bakterien, e) Kolititar, f) Salmonellen, g) Fekale Strepto-
kokken, h) Sporogene anaerobe Bakterien, i) Staphilokokken -
und besonders Koagulase-positive.

Das bakteriologische Bild der untersuchten tief-
geklihlten fertigen Speisen entspricht - mit geringer Ausnahme-
den auslé@ndischen Normen, Mit den erzielten R
Erzeugung kdnnen wir zufrieden sein, wenn wir di

keiten, welche die Einfiihrung neuer Erzeugnisse in die

stindige Produktion begleiten, in Betracht ziehen.






