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— e "ABSTRACT - —— —
Radiometry shows promisé as a rapid ‘screening meéthod for determining
if cooked, frozen foods meet microbial limits indicafing adequate proc-
essing condmons (aerobic plate count,APC < 1.0:x%-107/g). In this
method bacteria metabolize ! *+(Cizbeled substrates'to? *CO,. The time
to detect labeled CO; (detection time) is inversely related to the bac-
terial concentzation in the food. Using radiometry, about 75% of a wide
variety of cooked and frozen foods were correctly classified as accept-
able (<1.0 X 105) or uhacceptable' (>1.0 X 10 bacteria/g) within 6 hr.
A minimum of 1 and a maximam of 5 of the 404 tested foods were
incorrectly ‘classified, Twenty-three percent of fested samples were clas-
sified: as suspect and required- confumatmn of acceptablhty by the
standard pla‘te count’ (24 48 hI) S I

INTRODUCTION

MICROBIOLOGICAL CRITERIA are often cstabhsheci as one
mieans- of ‘gssufing that processecl foods have been prepared
ynder good samtary condltions and proper t1me—temperature
profﬂes If these cofiditionsare unsat1sfactory, microorganisms
may malfiply. in:thé food and presént’ a health hazard to the
consumer. : The- total aerobic-platé count (APC) and that of
coliforms and" fecal coliforms: are widely used criteria for de-
tecting: “inadequate, procsssmg,_ poor. sanitation, and post-
processing contamination,” The APC may be performed by
pour plate,. drop plate and’surface plate méthods (Thatcher
and Clark, 1968).-A spiral:plating technigue may -Tequire less
material and timé:than the pour plate method (Gilchrist et al,,
1973; Campbeﬂ and Gilchrist; 1973).:All' APC-methods reqmre
an  incubation: period: of: 1--2. days-to: permit formation of
countable colonies. However, if poor conditions have existed
during. -food processing: one’ should initiate correctwe action
prior to'a 2448 hr wait.

The ‘need for more rapid screemng methods to determine
the probable range: of: indicator bacteria in foods is evident.
Radiometry: (measurement: of- 1400, produced by bacterial
conversion: of !*C-labeled subsirates) may: be used to detect a
wide variety of bacteria (Levin et al., 1956; DeBlanc et al.,
1971; Previte, 1972; Waters, 1972; Bachrach and Bachrach,
1974: Bvancho et al.; 1974) and to estimate clostridial num-
bers:(Evancho et-al,, 1974). The purpose of this report is to
evaluate the use of radiometry as a.rapid screening method to
determine. whether cooked foods meet specified microbial
limits.

MATERIALS & METHODS

Detectlon of 1 4C0, .

Septum- stoppered 50-ml serum vials, containing 10 ml of a TYT
broth medium (5.0% Thiotone, 0.5% yeasf extract, 0.5% Trypticase,
0.25% K, HPO,, 0.5% NaCl,.0.1% NaHCO,, pH 7.2) with ' *C-labeled
subst:ates (Table 1) and about 1g of food were incubated at 37°Cona
rotating shaker at 200 rpm. Radioactive substrates were purchased from
the New England Nuclear Corp., Boston, MA. At hourly intervals, the
headspace of each vial was flushed with a sterile mixture of air and CO,
(90:10) or with sterile room air. The evolution of ' *CQ, was detected
with the BACTEC Model 30! (Johnston Laborateries, Cockeysville,
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'Tabie I—-Medium for radibmetric screening of mfcrobral g
" cooked, frozen footls Lo

Constituents of Percent
medium? wiv
 Thiotone {BBL) : 5.00
Yeast extract (BBL.) 0.50
Trypticase (BBL} 0.50
K, HPO, 0.25
MNaCl 0.50
NaHCO, 0.10
DL-(5- “C] Glutamic acidb 0.00035
(**C) Sodium formateb 0.00023
D-(UL-'*C) Glucose? 0.00067

4 Broth medium (pH 7.2), without labeled substr'ate's W
nated TYT. .

b The specific activities (mCi/g) of the glutamsc ac;d sod:um
mate and giucose were 28.41, 43,86 and 26,31, respect;vel' v

MD). A reading of »20% (>5 0 nCiy of full. sc&le on-.the
instrument was considered as positive evidence'for 1“CO pmd
by bacterla

Cooked frozen foods

Alf foods were prepared in the central preparatlon facﬂity a
E. Warren Air Force Base, Cheyenne, WY. Strategic Air;
(SAC) Regulation 146-1 specifies that these foods must
lowing microbiological criteria to be acceptable: APC:<1 03
teria/g; coliforms < 100/g; fecal coliforms, negatlve,"g_

Standard curves

Foods were thawed for 16—18 hr at 5°C. Twenty-gr
incubated at 37°C for periods up to 12 hr to allow an
normal flora. The samples were blended at high-speed:
mt of TYT in a Waring Blendor, APC’s weremade fro
samples using the pour plate method with Plate Count’
48-hr incubation at 37°C. With 2 10-m1 syringe and
ml of the blended sample, containing approxxma 1y
food, were delivered into a sterile capped vaccing vial to
uCi of glucose, 1.0 xCi of glutamic acid and 1:0 gCi'of50di
in a 1 ml volume. The vials were incubated at 37°C-on 410t
at 200 rpm, and the headspace of each vial wis checked peri
**CO,. Fifty to sixty samples per food from -a:mif:
productmn lots were analyzed. The bacterial concent
food, as determined by the pour plate APC method wa
the time in hr required for the first detection OE labele
curve of best fit and 95% confidence limits were de
least squares polynomial curve fitting method: (Univac
quadratic fit provided data points closer to “the grithmeti
fog, , number of bacteria/g than did the lnedr fi

Radiometric assessment of the micr_obiologi.cdl'.'dughty
cooked, frozen foods at Warren Air Force Base

To determine APCs, 50g of frozen sample
Butterfieid’s buffered phosphate was blended for I miin
1.0 ml of the 107 and 10°® dilutions were pipett
piates, mixed with tryptone glucose extract agari(D
at 35° C for 48 hz, For radiometry, 30l of the m

the mixed sample, containing approximately "1g
defivered into a sterile capped vaccine vial conit:
beled substrates. The vials were incubated af 35°
at 200 1pm and the headspace was chiecked. for
vals. Detection time was used as the basis for det I



‘curve;: 64 of the’ sarriples were 'glven a: clasmflcation w1th1n 4
‘hr; ‘identical fo that using: the pour plate method In ‘the ¢ase
' of four samples it

showed fhat" the ‘mean: standard d3V1at10n “of: standard plate "~
‘Jog: o1, that 63% of the
bactena,:’g could"
:be ¢ounted:as; havmg from S0 X 1‘.’)4 to-2.0% 105" ‘bacteriafg.’
" Thirty:five ‘of the 103 samples; ‘with detection times of 2—4
.U hrycould Snly be. Slassified as suspect and fequired the conven- -
"4 tional 2448 hf for confirmation.. The:confirmatory aerobic

. ~counts-for frozen: vegetables was {);
" time, APCs:of saimples containing 1.

X105
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Fig. 2—The microbiological acceptability of cooked, frozen meat '_
loaf as determined by radiometry and the standard plate count.
Samples were tested either immediately (o] after thawing or aftbrf"_i :
incubation at 37°C for 8 to 12 hr {e). Numbers in parentheses =

represent those samples which were categorized as unacceptable,_-'------
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L Fig. 1—Standard curves for rapidly screening the microbial accepta-
T bitity fAPC <1.0 X 10° bacteria/g) of cooked, frozen foods. The
. medium and [sbeled substrates were as shown in Table 1. Mean
“log;, APC/g (X), quadratic fit (0), and 95% confidence limits as

" indicated.,

ACCEPTABILITY BY APC




: vanety of:- cooked frozen
" biclogical quahty (T' le'
“beef contamed L2245
radiometric: method_'

were proven correct: by APC. Of 372 food semple S ""ted
72.8% were. correctly eiass1ﬁed as aeceptable o) iptab e
within a maximum of 6 hr’ by the radwmetnc 2882y, Suspe
samples; which incliided  25.8%" of the sampl requi ed the
conventional technique and. 24—48 Hr- for. correct. classifica:
tion. The classification by* radiometry and APC disagreed ‘With
only 1.3% of the samples. Using 1mpedance s g rapid syste
for monitoring the microbial. quality  of frozen vegetables'

Hardy et al. (1977}, incorrectly c13331f1ed 7% of the. tested'

samples.
It is evident that the 95% conﬁdenee hnuts “the
metric standard curves are too broad to allow radlometry to be

used for precise estimation of aciual numbers of: bactena perg:
of food. However, the technique.shows promise.ias; d-rapid:
screening techmque for estimating the mlcrobmlog;cai quahty"'
of cooked, frozen foods. The test time:ig: dependent on:the’
food under study (Table 2). For. convenience; this ‘test. tzme_ﬁ

could be increased for some foods s0- a8 o hav a umform
cut-off time. A uniform cut-off time 6f 6 “hr would decrease

the potential number of samples of meat loaf; Todast beef; swiss:
steak, salisbury steak, fried chicken and roast pork incorrectly’: -
accepted However, the number of suspect samples-would be -
increased as would the necessity for use of the confumatory':‘j'

APC method.

A field study was conducted at Warren An' Force Base to ' S
assess the microbiological quality of a vanety of ‘cooked; fro--."
zen foods by the standard plate count and radmmetry w1th st
*C0, were not detectéd by 6.
hr the samples were classified as acceptable (1.0 X 10° bac-
teria/g). It is important to note that most of the cooked, fro- ..
zen foods produced at Warren have <1.0 X 10° bactena,’g In:" .
1976 only 1 of 8,125 food items tested was rejected’ because
of a high APC. The aerobic plate ¢ounts of the 32 food 1tems,'. -

uniform cut-off time of 6 hr. If !

tested in this study ranged from <{1.0 X 10%7t6"7.0 X 10®

bacteriafg and the earliest radiometric detection time was 7Hr.

In most cases the detection times were more than 8 ht: Thus

all 32 jtemns tested were correctly classified as acceptable by ©

radiometry within 6 hr. The same determinatién by conven-

tional methods required about 2 days, making for 4 significant. - .

savings in time, The time saved with acceptable or unaccept-
able samples is due to the greater sensitivity in- deteéting

growth by radiometry. As mentioned previously there would

be no reduction in time with “suspect™ samples. ..
Radiometry is a simple technigue which is adaptable to

foods as a rapid screening method and allows Necessary correc- :
tive action to be initiated with minimum delay wher_} unaccepi- .
able samples are encountered. It is less laborious and time -

consuming than the APC method. Sample size may be varied.
However, in these studies the sample size was ca 1 g/vial. Like’
the APC method the sample may be incubated at any desirable
temperature, A comparison of this assay with micro-calorim-
etry, turbidity and impedance methods was discussed by Cady
(1977). He reported that the high cost of substrate was a
disadvaniage of radiometry. The. cost of one impedance
module is 37.5¢ per test and comparable to the cost of three
plates with medium and other equipment used in the pour
plate method (Hardy et al., 1977). A mixture of labeled sub-
strates such as used in this study costs ca $1.35 fvial or test. If

*C-labeled sodium formate could be used in place of the
mixture, the cost would be reduced to about 35¢ per test.
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Table 2—_Assessing the micrabiological quaj,tya a caoke
& foodsby radiometry N

= Y Detection of ' *CO, in periods > than the number of hoursdis

v Rowley et al. (1977) showed that 1* C-labeled formit
-7 'as well a5 a’mixture of labeled glucose, formate and gliitim
vin''a’ radiometric screening method for determinmg a
":'.cooked frozen mixed vegetables met the microbialics
-no mor¢ than 1.0 X 10% total aerobic mesophlles/g

G '_Anonymous. 1977, Frozen foil pack meal program Strat

:_ Cady P, 1977, Instrumentation in food lmcrobmlogy

" Campbell, L.E. and Gilchrist, J.E. 1973. Spival, blati

.'E.vancho G.M., Ashton, D.H, and Zwarun AA 197

. 'Ha.rdy, D., Kraeger, §.1., Dufour, S.W. and Cady‘ 1

- Rowley, D.B., Previte, J.J., Wells, RE Lamp

1ec0o, S
No, test % incdirectly
DT samples timeP — it
e sested {he) Accepted

Meat loaf 103 4
Roastbeet  ~ 91 >
Swiss-steak - 60 5
“Salisbury stéak. 39 3
;Frled chrcken ) 24 4
oastpork: - 15 5
Mixed vegetables . 40 6

Products having an aerobic, mesophilic count <1.0. X
. >1.0°X.10° bacteria/g {pour plate method) Were:cons;d
! ceptable and unacceptable, respectively,

signified counts <105 /9.
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