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ABSTRACT

Agar plates , prepared from serially diluted food homogenate and contain-ing from 30—300 colonies per plate , are used by food microbiology testing
laboratorie s to estinate the microbial population of food sample s. Six
analysts counted plates with O— c400 colonies per plate . Analyst accura cy
in the 20—200 colonies per plate range was comparab le to the 30—300 range
and resulted in a 27% reduction in counti ng t ime.

A method using agar plates and photogr~phs of the same plates was used
to establish the number of colonies per plate . The resulting number was
compared to the counts obtained by the individua l analysts . In addition ,
counts of individual analysts were compared to the mean of the counts
obtained by the six analysts. In the 30—300 colonies per plate range
anal ysts counted withIn 5% of the photo count on 602 of the plates and
within 5% of the mean coun t on 682 of the plates. Similarly , in the 20—200
colonies per plate range anal ysts counted within 5% of the photo and sean
count on 60 and 67% of the plates , respectively. On 95% of the plates ,
analysts counte d within 12 and 102 of the photo and mean counts In the
30—300 range and 13 and 112 in the 20—200 range .
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INTRCIIJCTION

Standard Methods for the Examination of Dairy Products (SlEEP) (1)
states that standard thods agar (SMA ) plates cont i~~~j letwsem 30 end
300 colonies will be counted when estimating the bacterial population i’
dairy products. In addition , the bacterial population of wy other food
products is estimated by counting plates with 30—300 colonies (2) • The
colony count range of 30—300 per plate is the result of a modification of
the range of 20—400 originally reco ended by Breed and Dottersr (3) is
1916. The original range had the obvious disadvantage of IncludIng the
counts of more than one serial 1:10 dilution , Breed and Dotterer (3)
arrived at the 20—400 range by determining the percentage of plates In
various aribtra r ily selected count ranges (CR) , for e cample 0—10, 10—
20 , etc., that deviated by not more than 20% from the calculated
plate count for a given sample. Then by grouping consecutive count groups,
for example 0—30 , 3—50 , 20—400 , etc. , they selected the 20—400 colonies
per plate range as being the most appropriate . Although the mathematical
manipulations utiliz ed were Ingenious, comparable to the state of th . art
of the era , and applicable to the problem being studied , they are totally
inad•quate by today’. methods.

The study by Breed and Dotterer (3) did not address the proble m of
hunan reliability with respect to CR nor did it att empt to correlate
analyst accuracy with different plate CRe. SMEDP (1) and Courtney (4)
suggest the standards for counting colonies on aga r plates require
Individuals to repeat their own counts within 5% and the counts of others
within 102. Fouler at al. (5) , in a study specifically designed to test
the ability of analy sts to reproduce plate counts, found a coefficient of
variation for Individuals to reproduce their own counts of 8.44% as
compared to a coefficient of variation of 20.252 for reproduction of
counts performed by others.

• In today’s food microb iology testin g laboratory , large numbers of SMA
plate counts are made on a daily basis . The availability of skilled
technicians is limited and represents an ever increasing cost . Thus,
any laboratory innovation to reduce the time required for technicians to
count plates is welcomed by laboratory wagers ,

• The purpose of this study was to determine: (a) the miniimm SMA colony
count range group (CRC) from wh ich reasonab ly rep roducab le counts can be • -

obtained, (b) the counting accurac y of experienced analysts within various
colony CRCs, Cc) the potential tine savings by reducing the SMA colony
CRC without Increasing the error in estimating the viab le cell density, •

Cd) th . ideal colony CRC after considering analyst reliabilit y and time
required to count plates , and Ce) to establish bass lin, data for eventua l

• comparison to auto mated colony countin g machines.

EXPERIMENTAL APPROAOI

Preparation of Mar Plates: A stock culture of a locally isolated strain

_  _ _ _ _
.-—-- ----— ~~~~~~~~~~~ -~--•--- -—- ~— ~•-•--•- ~ --•~‘.-•
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of Iach.rlchla coil which produced small nonspteading opaque white colonies
on IMA was grown In quantity In trypt icase soy broth. Five ml aliquots of
the I. coil culture with 102 sterile glycerol added were frozen end held at
-lSC in 16 x 125 me screw cap tubes. Prior to prep aring agar plates , aliquot
tubes were z~~~~ud from the freezer and thawed. To determine the viable

- I cell population of the aliquot , SMA plates were prep ared by serially dilut ing• the 1. coil culture. Next , dilutio ns of aliquot tub es were selected to• produce SNA plates having 0 to 400 colonies. The plates were poured,
allowed to solidify, inverted and placed In a 32 ± lC Incubator for 48
± 3 h .

~~~4omiz r Plates: To prevent introduction of bias , each analy st was
ass a code otter which was utilized throughout the study. Each plate
was assigned a randomly selected ni~~ er by one of the project coord inators .
Except for recognizable dilution patterns of duplicate plates , the only
~~~~1edgs the analyst had was that the predicted count was between 0 and
400 colonies per plate. Each analyst was given a sheet numbered with the
eodsd plate numbers to record colony counts and the time required to count
each plate. Colony counts reported by analysts were compiled by the
coordinators. Analysts were neith er restricted from nor provided access to
the data collected .

Pbotographjn1 and Counting Plates: Prior to count ing, the SMA plates were
photographed by the Audio/Visual Aids Division, Letterm an Army Institute of
Research . Imeediat.ly after the photos were taken , the SMA plates ware
returned to the Food Hygiene Division . Using the procedure suggested in
~iapte r S SlED? (1) , they were counted by six analysts who recorded the
colony count , plate number and counting time in seconds for each plat e.
Counts were made using a Quebec Colony Counter , ha~id tally, and stopwatch.• After all six analysts bad completed counting, the plates were stored in a
refrig erator at 4C. During the counting period , photographs taken prior to

• the counting period were prooissed and 8 x 10 in black and white print s
were med. available to the Food Hygiene Division within 4 h. Figure 1 shows

• 
- - • a photo similar to those received from the Audio/Visual Aids Division. The

two project coordinators compared each plate with its corresponding picture
• 

• and circled each colony In the picture with indelible Ink. This resulted- In a pictur . similar to Figure 2. If Figures 1 and 2 are carefully ~~~~~~~~
- they reveal what appear to be colonies that are unmarked on Figure 2,

• 

• particularly near the edge of the plate . These are the result of rsflectlass
• from nearby marked colonies, bubbles In the media, flaws In the plastic, or

-

• 
other artifacts. In addition, some colonies that could not be visualized on
the photog rap h because of sise or because colonies were supsrimpoesd on one
another , war. marked by the two coordinators afte r verifying them against the
plate. After verifying each colony on the picture , the two coordinators

• .• exchanged photographs and plates and verified the other’s work. Tb. circles
on the picture were then graphically partitioned with an Indelible pen into
groups of 5 and counted . The coordinators again exchanged photographs and
verified the count for each picture. Figure 3 is a picture after vsrifi—

• 

- 
cation and counting, Paverification of this procsdvre by again comparing
the plate and the photograph Indicated accuracy in excess .1 992. Tb.
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verif led count obtained from the picture after comparing it to the plate was
called the photo count or true count.

Test Data: A daily tabulation of photo counts was mainained by CR. Adjust—
nts In the plating dilutions were made to assure that each CR, as deter

mined by the photo count , contained the counts from a minimum of 30 SMA
plates in each CR between 10 and 300.

At the conclusion of the experi ment , the data for each SMA plate ,
consisting of plate identification , photo count , analyst counts , and counting
times of the 6 analysts were transcribed onto codIng forms from which card..
wer. keypunched. The keypunched cards ware used to create a Statistical
Package for the Social Sciences (SPSS) (6) file, by a Control Data Corp-
oration Model 7600 Computer (CX 7600) . SPSS rout ines were used In all
analyses of the data except the analyses of variance which were performed
using the methods suggested by Winer (Two—way Analysis of Variance with
Repeated Measure s on One Factor) (7) and Hollander and Wolfe (8) (Friedman’s
2—way Analysis of Variance with Multiple Comparisons Based on Rank Sums).
Creation of a mean count (mean count for all six analy sts participat ing In
the study) value was accomplished by linking the SPSS file with a Fort ran IV
program . Statistical significance was based on a probability of 0.95 , i.e.,
a 5% level of significance.

Analyst ’s Biogra phica l Data: The relevant educational and experience back-
ground of the six analysts are as follows :

• a. Analyst A — DVM and PhD in food microbiology, approxi mately
4 years experience making colony counts on agar plates;

b. Analys e B — Master of Public Health , approximately 1 year
experience making colony counts on agar plates;

c. Analyst C — IS in microbiology , approxi mately 4 years
experience in making colony counts on agar plates ;

d. Analyst D — one year of formal training In laborato ry
procedures , approximately 1 year experience making colony counts on agar
plates ;

e. Analyst E — one year of formal training In laboratory
• procedur.., 2 years experience in asking colony counts on agar plates;

f. Analyst F — IS in biology, approximately 1 a~nth experience
king colony counts on agar plates.

All analysts were required to familiarize ths elvss with SHED?. To
Insure count ing would be uniform by all analysts , a formal session to I -
reinforce plat e counting procedures was conducted . A series of trial rue.

• 

- was conducted prior to th. begInnIng of the experimant to acquaint each
analyst with the recordIng sheets and In the usa of the stopwatch while 

• 
_  _ _ _ _  _— — — ________________
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counting plates.

RESULTS AMD DISCUSSION

The analysis of the data was undertaken In stages. Verification and
reverification of the photo count indicated an accuracy of >99%. Thus, the
assumption was made that the photo count was the true count. The photo
count was used as a standard to compare with the corresponding counts made
by individuals and the mean count • These data are recorded as percent
accuracy in Tables 1 through 14 and 24 through 35 (percent accuracy is
defined for the purposes of this paper to be analyst count/photo count,
mean count/photo count , analyst count/mean count , as applicable, times 100).
The vertical axis of these tables are the analyst percent accuracy in
increments of the photo or mean count , whichever is applicable. The hori—

• zontal axis is expressed in arbitrarily selected colony CR., thus the
body of the table is expressed in the percent of analyst colony counts or
the mean count that falls in each percent accuracy increment and CR of the
photo count or mean count . For example, in Table 1. going down from CR
40—c60 and across from >92.5 to 95 the figure 11.]. is obtained . This
figure means that Analyst A counted 11.1% of the 36 plates with photo
counts of 40—<60 with a percent accuracy of ‘92.5 to 95.

The data presented in Tables 1 through 6 provide a detailed breakdown
of analysts’ counts compared to the photo count, by CR. These table. show
analysts’ counts to be erratic in low CRs. Analysts’ counts tended to
become closer to the photo count and more uniform as the photo count

• increased. The tables also show that analysts count fewer colonies than
are actually on the plate. It is obvious that the counting differences in
the CRa O—c5 and 5— d O are excessive and thus these CRc were deleted from
further analysis. The CR over 400 contained only 6 plates and was also
deleted from further analysis. The use of the 2.5 percent accuracy
increment provides specific detail but results in a cumbersome table.
Despite being cumbersome , the data are presented to provide a basis for
future analysis of the ability of an ana lyst to count compared to automated
colony counting machines and for use in future investigations.

The data presented in Table 7, the difference of th. mean count from the
photo count , show the mean count to have a much more central tendency than
th. counts of any of the individual analysts. It also appears that the mean
of a number of analysts, although slightly low, is a good estimate of the

-
• true count. This observation will be addressed later. The individua l

analyst’s counts compared to the photo count are displayed in Tables 8 through
13, using the percent accuracy incre ment of S • In addition , the percentage
of analysts ’ counts in the percent accuracy increments of 95 to 105 and 90 to
110 are highlighted. These tables show wide variation in counting accuracy
between analyst .. The data prese nted in Table 14 are similar to that in
Tables 8 to 13 except the mean count is being compared to the photo count.

• 

• 
Analysis of variance with repeated measures on one factor (7), Table 15,

of the percent absolute difference of the analysts’ counts from the photo
-~~~~~
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count showed that the calculated P value was significantly different at the
5% level for analysts, CR., and analysts x CRs. The Tukey Honestly Signifi-
cant Differences (Tukey HSD) multiple range test (6) applied to the percent
absolute difference from the photo count identified subsets of analyst. that
differed significantly . The mean percen t absolute difference by analyst
subset were: subset 1 — E—4.22 , A 4.42 , subset 2 — ?—5.4Z , C—5 .3Z , subset

- . 
3 — 1—7.2% , and subset 4 — D 8.7%. These data are average percent absolut e
difference and are Inversely related to accuracy . Because they are a mean
percent absolute difference , they cannot be used to compare to the standards
suggested by SMEDP (1) and Courtney (4) . They are not as precise a measure-
ment of accuracy as confidence statements such as: Analyst I counts within
52 of the true count for TX of the plates , or Analyst X is within TX of the
true count on 932 of the plates.

The Tukey HSD multiple ran ge test failed to identify the CR subsets that
were different . In such Instances where the multiple range test fails to
Id entify different subsets, the conventional approach is to declare the two
extre ~~. as diffe ren t which would be the lO— C20 and 60~ c8O CRs. Observation
of the data showi that the grea test difference was in the l0—c20 CR. Differences
were reduced somewhat In the 20—c30 CR but increased in the 30—c40 CR. There
was a reduction In the differences In the 40—c60 CR and In the higher CR.
counting was fairly uniform with one exception. Analyst F , Table 13,
diffe rence s Increased on plates with over 80 colonies in the 93 to 105 percent
accuracy increm ent. However, the increased differences were not nearly so
apparent in the 90 to 110 percent accuracy increment. A large port ion of

• Analyst F’ s increased differences was due to undercou nting.

The number of plates occurring In each CR was influen ced by the co—
ordinator who selected dilution factors designed to provide plates with a
predetermined number of colonies. Thus the counts were not what one would
normally see in a food microbiology testin g laboratory where no dilut ion
bias existed. When compar ing counts ranging from 10—400, produced from
samples that have undergone decimal dilut ion , it was logical to select ranges
that represent 1 logarithm to the base 10. For example , each of the count
rang. groups (CRc.) 10—100, 20—200, 30—300 and 40—400 represented 1 logarithm.
The term CRC is used to include 1 logarithm grouping as opposed to the term
count range (CR) which is a much smaller and arbitrary grouping of counts.

— Consequently , thi CR of 4O—~60, which ii included in all four CRGs makes up
a different proportion of each CRC. In the 10—100 CRC , 40—c60 represent s
222 of the total but only 3.52 of the total in the 40—400 CRC. Thus the

• percentage of a CR in one CRC can represent a sizable discrepancy when
— 

- - compared to another CRC . To compare the different CRGs, an adjust ment for
this discrepancy must be made . The discrepancy can b. compensa ted for by
obtaining the mant issa of the co on logarithm of the extremes of each CR.
For .~~~p1e, the values obtained for the CRs lO—c20—0.301, 20—c30.0.175,
and 30—c40~0.l2S . The resulting mantissa was multiplied by the percent of

• - - the counts the analyst made in each CR for the selected percent accuracy
- :~~~~ - Increment. For example, in Table 8 in the 95— 105 percen t accuracy increment ,

the percentages in the CRs were 10.- c20—38.6% , 20—c30.60.02 , and 30—c40—53.82.
Thus 0.301 x 38.62—11.62 , 0.175 x 60.02—10.52 , and 0.125 x 53.82—6 .722. The
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sun of the man tissas times the percentage of plate . in the selected percent
accuracy increment for each CR In the CRC was calculated, This resulted in
a realistically weighted overall percent of analyst count. In the percent
accuracy increment and was used in comparing the different CRCs. Figure 4
presents a graphic display of the relationships of CRa and CRC..

Tables 16 and 17 depict the percent of analyst counts and the an counts
that fall within the percen t accuracy incre ments of 95 to 105 and 90 to 110
based on the photo count by CRC. For exampla, Table 16 states that Analy st
B was within the percen t accuracy increment of 95 to 105 (adjusted to re f lect
normally occurring prop ortions of counts in each CR) for 772 of the plate s In
the 30—300 CRG. Fried man’s 2—way analysis of variance with multiple comparisons
based upon rank sums (Frie dman ’s Test) (8) was applied to the populat ion means.
It shoved that the 10—100 CRC was different than the othe r three CRCs in both

- • 
tables at the 5% level of significance . It shoved no significant differences
tn the 20—200 , 30—300 and 40—400 CRC.. In Table 17, Friedman’s Test shoved
a significant differen ce between the 20-200 and the 40—400 CRG5. No significant
differences app eared in either table between the 20—200 and 30—300 CRcs. How vsr,
ithen comparing the accuracy of the mean count to the photo count , a progressive
Improvement was observed as the CRC$ increased.

The differences among analysts should be noted; Table 16 shows some
analysts count nearly twice as many plates in the 95 to 105 percent accuracy
increment as other analysts. It ii clearly apparent from Table 16 that it Is
unrealistic to expect analysts to consistently count plates within 52 of the
true count. However, Table 17 provides evidence that th. motivated analyst
can be expected to routinely count plate s with in 102 of the true count.
Although the psychological aspects of plat e counting were not addressed ,
throughout the course of the study it became apparent to observers that
personal motivations and attitude played an important role in analyst
accurac y.

The report of Breed and Dottere r (3) presented accuracy data that
established analyst an count data as the true count. Their CR.s were
adjusted arith metically to compare to those used in this study . ~y : -

weighting Breed and Dotte rer ’s data to produce typical CRC., the following
percent of total counts fell In the percent accura cy incremen t of $0 to 120:
10—100—682, 20—200—802 , 30—300—812, and 40—400—832. Even though thee. data
were not based on the same method of establishing a true count , it appears
that the accuracy in and above the 20—200 CRC does not improve as the CL

• gets larger. - 
H

Th. confidence levels for 95 and 90% wars calculated id are expressed •

as follows: for 932 of the plate., Analyst Y was with in 12 of the photo c.unt for ~~~~
-

a given CR or CRC. Tables 18 through 21 contain data relative to the ceefi-
deuce levels of 95 and 902 with the data in Tables 18 .d 20 used to develop
Tables 19 and 21, respective ly. In Table 10 under the I0— c~00 CR d across
from Analyst C is the nunber 11. This means that Analyst C vms within 112
of th. photo count for 932 of the counts made in the CR of 00—clOO .
Friedman’s Test applied to Table 19 again indicated that the 10-100 CL was
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significantly different than the 20—200, 30—300, and 40—400 CRC.. The 20—200and 30—300 CRCs were .imil*r as were the 30—300 and 40—400, but the 20—200and the 40—400 were significantly different . The same test app lied to the
data In Table 21 showed the 10-100 CRC significantly different from the 20—200, 30—300, and 40—400 CRC.. The 20—200 and 30—300 CRC. were similar butboth CRCs were significantly different from the 40—400 CRC.

Table 22 shows the counting time for each analyst in seconds per platefor each CR. Going down under the 40~ c60 CR and across from Analyst F, thevalue 25.1 ii obtained . This value Indicates that Analyst F’s averag, counting
time for the 36 plates in the 40— c60 photo CR was 25.1 seconds per plate.

Table 23 show, the projected counting time for CRC. adjusted to reflect
the normally occurring prop ortion of microb ial counts In each CR. The data

• were adjusted In a manner similar to the adjustments of the data in Table 16.
Going down, in Table 23, from the 30—300 CRC, and across frau Analyst A, thenumber 44 is obtained. Thus the number 44 indicates that Analyst A had anadjusted average counting tine of 44 seconds per plate in the 30—300 CRC.
In comparing analysts’ counting time, per CRC (Table 23) and the accuracy
per CRC (Tables 16,17,19,21,37,38,39 , and 42) one finds that analyst speed
and accuracy has little , if anything, In comeon. For exemple, Analyst A
required more tine to count that the mean of all alysts but was also more
accurate than the mean, whereas the opposi te was true for Analyst C. AnalystB was both fast and accurate while Analyst I was below the mean for both
accuracy and speed. Table 23 also shows the mean reduction In counting tine
to be 272 when counting in the 20-200 CRC rather than the 30-300 CRC. By
using Prie~~~~~~~~ n

’
s Test on the data in Table 23, it was demonstra ted that all

CLs were significantly different from each other In regard to the tine
required to count plate ..

Analyses were also conducted on the ass~~~t ion that the mean count was
the true count for the purpose of comparing analyst to mean count • Tables
24 through 29, 30 throu gh 33 , and 36 through 42 correspond to Tables 1

• throug h 6, 8 through 13, and 15 through 21, respectIvely.
• Tables 24 through 35 ar. re rkably similar to their photo count

parallels , Tables 1 through 6 and 8 through 13. Analysis of Variance , Table36, identified the differences In the percent absolute difference of analy st
count fro. mean count In analysts, ranges , and analyst x range. . The Tuk.y
HID maltip le range test applied to the percent absolute difference from the
mesa count Identified subsets of analysts that differed significantly . The
mesa per cent absolute differe nce by analyst subset were : subset 1 — E—3.6Z ,A.3.62, P.4.12, embest 2 0.5.22 , 1—5.52 , and subset 3 — D—6 .62. The Tukey
HID maltipl . range test failed to identify the count range subsets that were
different . By applying the convention previou sly stated , the extre mes for
the CI. 10-40 and 60-d O were considere d to be dif ferent. c

Tables 31 and 38 correspond to Tables 16 and 17. In Tables 37 and 38, the
Pri sdesm’s ‘Inst showed that the 10-100 CRC was significantly different from the
20-200, 30—300, and 40-400 CRC., which did not differ significantly from
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each other. The data in Table 38 indicate that it is realistic to expect
analysts to count plates within 102 of the mean of several analysts. Tables
39 through 42 correspond to Tables 18 through 21. The Fr iedman ’s Test of
the data in Table 40 shoved a significant difference between the 10—100 CRC
and th. other CRC.. Table 42 also had a significant difference between the
10—100 CRC and the other CRCs. In addition, the 20—200 CRC was significantly
different from the 40—400 CRC.

The expense and time required to produce th. photographs from which the
photo counts ware obtained canno t be justified under norm al circumstances in
a food microbiolo gy testing laboratory. Thus, some sort of average colony
count most be utilized as the standard. In this stud y, the mean count of six
analysts was evaluated as a standard. This mean count was also compared by
several statistical procedures to the photo count which was the most precise
count possible.

The regression coefficient of nean counts on the photo count was 0.976
for all plates with photo counts of ,lO— c400., The t—t est (6) was applied to
determine if the regression coefficient of 0.976 was th. sane as. 1. The
hypothesis was rejected at the 52 level of significance . Tbs means of the
photo count and mean count were 116.03 and 113.11, respectively. A paired
t—test to compare the means of the mean count and the photo count shoved
then to be significantly different. The correlation coefficient of the mean
count on photo count was 0.998. Thus thea. tests and coefficients show that:
(a) the photo count differed from the mean count , (b) the mean count was a

asurably consistent, but a low estimate of the photo count over the entire
ran ge and was a practical means of estimating colony counts , Cc) the mean
count deviates slightly from the photo or true count and is also slight ly
lover .

Analysts taking part in this study were aware that their counts were
being compared to counts of other analyts and to the photo count . This know-.
ledge probably made them more careful than if they were in a food microbiology
testing laboratory where the monitoring of analysts I, not done on each plate .
The maximum counting time for all plates on any given day did not exceed 45
ndn , which minimized fati gue as an error factor In this study. The colonies
were from a pure culture, they were uniform, and the plates did not contain
any food particles to be confused with colonies. It I. assumed that in an
actual food microb iology testi ng laboratory, the accuracy of colony counts
would be less than that reported in this study.

- cONcLUSIONS

1. Analy sts tend to count fever colonies on agar plates than are actually
present. 

-
~

2. Analyst counts of plates with fewer than ten colonies are very erratic
and inaccurate .

3. The mean of the counts of several analysts provided a measurably
consistent but low estimate of the true colony count ,

8
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4. Counts over the 10—100 CRC are considerably less accurate than counts
in the CRGs of 20—200 , 30—300, and 40—400..

5. There is Insignificant improve ment in accuracy in the CRC of 30—300 over
the CRC of 20—200 .

6. There appears to be no relationship between the length of time an Indivi-
dual- analyst needs to count plates and the accuracy of the analyst’s counts.

7. Motivation , attitude , and counting habits were not addressed in this
study; as food microbiology testing managers know , these are elements In
counting accuracy.

8. Reducing the count range from 30—300 to 20—200 will reduce counting tine
272. Reduction in counting time will both reduce analyst fati gue when analy sts
are required to count plates for several hours and also Improve analyst morale.

9. Analysts’ counts fell within the 95 to 105 percent accuracy incre ment of
the photo counts and mean counts on only 60 and 68% of the plates in the
30—300 CRC and 60 and 67% on the 20—200 CRC , respectively.

10. Ninety—five percent of the counts analyst. made were within 12 and 10%
of the photo count and mean counts in the 30—300 CRC and 13 and 11% in the
20—200 CRC, respectivel y.

REC0~I4ENDATI0NS

Food microbiological testing laborato ry quality cont rol managers respon-
sible for large numbers of SMEDP (1) plate counts should — (a) routinely
monitor plate count procedures , (b) randomly sample analysts’ counting
precision by use of a count established as being true , (c) periodically conduct
refresher classes in SMEDP plate counting procedures , and (d) carefully
evaluate any procedural or equipment change that may affec t analysts ’ ability

• to perform plate counts.

1
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GLOSSARY OF TERMS

C — Centrigrade

Count Range (CR) — A narrow arbitrarily selected sequential group of colony
counts, i.e., lO—c20, 20— c30, etc.

Count Range Group (CRG) — Several Pooled sequential count ranges making up
ranges with colony counts of 10—100, 20—200 , 30—300, and 40—400.

h — H o u r s

in — Inches

Mean Count — Colony count establ ished for each plat e by obtaining the mean of
the counts of the six analysts participating in the study.

I mm — Minutes

Percent Accuracy — Analyst count/photo count, an count/photo count , or
analyst count /mean count times 100.

Photo Count — Colony count established for each plate obtained by count ing
verified colonies from a photo.

SMA — Stan dard Methods Agar — is a bacteriological medium used in the
enumeration of microorganisms.

SMEDP — Standard Methods for the R~a~{nation of Dairy Products — is a book
suggesting laboratory procedures for the analysi. of dairy products.

SPSS — Statistical Pack age for the Social Sciences — is a system of prepared
computer pro grams for analysis of da ta .

• Tukey HSD — Tukey Honestly Significant Difference — is a statis tical test
used to determine differences between treatments.

C
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TAILE 13: Analysis of Variates of Percent Absolute Deviation of Analyst
Count fron Photo Count for All Analysts and Count Ranges fro00

10 to -c400

Significant
Source $5 F - .05

letveen Plates 4.02389 594

Count ~~~ges 0.64302 11 0.05846 10.080 Yes

Plates v/Count
R ges 3.38088 583 0.005799

Within Plates 9.92387 2975

Analyst 0.66932 5 0.13386 43.979 Yes

Analyst z Count
Rang. 0.38169 55 0.00694 2.280 Ye.

Analyst x Plate
v/Count Rang.. 8.87275 2915

TOTAL 13.94767 3569 
•

j

-.y.
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TABLE 16: Percent of Analysts’ Counts within 5Z of the Photo Count
by Count Range Group*

COUNT RANGE GROUP

Analyst 10—100 20—200 30—300 40—400

A 60 74 78 82

B 43 44 42 44

C 55 60 61 62

D 29 38 40 43

K 63 78 77 77

7 63 66 61 60

53* 60b 60b 61b - •

N.an Count V 62 76 81

* Percentage. have been adjusted to reflect noruel distribution of counts
in different count range groups.

-~~~~ Mean of .11 analyst. percentage within 3Z of the photo count.

Mean count a. coupared to the photo count .

For each Count Range Group, atan values followed by the seat letter are
not significantly different at the 5X level of significance.

- 

27



• 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

I

TABLE 17: Percent of Analysts’ Counts within 10% of the photo Count
by Count Range Group*

COUNT RANGE GROUP

Analyst io—:oo 20—200 30—300 40—400

B 70 77 82 84

C 81 88 91 94

D 58 67 70 73

j E 87 95 96 98

P 86 88 88 90

Mean 78* 85b 88bc

14ean Count~~1 89 96 97 98

* Percentages have been adjusted to reflect normal distribution of counts in
different count range groups.

Mean of .11 analysts percentage within 10% of the photo count .

V Mean count as compared to the photo count. —

For each Count Range Group, mean values followed by the same letter are
not significantly different at the 5% level of significance.
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TABLE 19: Ni.sty—five Percent of Analyst.’ Counts were Within a
Certain Percentage of the Photo Count by Count Range Group*

j COUNT RANGE GROUP

10-100 20-200 30—300 40—400

A 14 10 7 7

3 20 15 14 13

C 17 12 11. 10

• D 22 19 18 17

K 15 10 9 8

F 16 11 11 11

Mean 17~ 131) 
12

1,c 11c

Mean Count~~~ 10 7 6 6

* Percent ages have been adjusted to reflect nor mal distribution of counts in
different count range groups.

Mean of all analy.ts within percentage of the 95% level.

V Mean count within percentage as compared to the photo count at the
95% level.

For each Count Range Group, mean values followed by the .ame letter are
not significantly differen t at the 5% level of significance.
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TABLE 21: Ninety Percent of Analysts’ Counts were Within a Certain
- Perc.ntag. of the Photo Count by Count - Range Group*

)UNT RANGE GROUP

- 10—100 20—200 30—300 40—400

- A 12 8 7 6

B 17 13 12 11

C 14 10 9 8

D 19 17 16 16

— K 10 8 8 7

• F 11 10 10 9

Mean ~-‘ 14* 11b 10b

Msan Count !’ 9 7 6 5

* Percentage. have been adjusted to ref lect normal distribution of counts in
different count range group..

Mean of all analysts within percentage for the 90% level.

Mean count within percentage as compared to the photo count at the
902 level.

For each Count Range Group, mean values followed by the . letter are
-
• 

- 

- 

not significantly different at the 52 level of significance.
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TABLE 23: Counting Time By Analyst by Count Ratge Group in Seconds per Plate*

COUNT RANGE CR00?

~~~ Mze~~. 
10—100 20— 200 30—300 40—400

A 18 31 44 36

3 22 35 46 58

C 13 24 33 42

D 16 29 42 56

1 15 24 33 42

V 20 35 48 39

Me 18 30b 41c 32d

* Percentage. have been adjusted to reflect normal distribution of counts in
dif ferent count rang, groups.

Per each Count liege Group, main values followed by the s letter are
not sigeificastly different at the 52 level of sigeificance.
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TAILS 36: Analysi, of Variancs of the Percent Absolute Deviation of Analyst
Count from the Mean Count for .11 Analysts and Count Rang.s fran

lO to ’400

Significant
H Source $5 .05

ISt USISU Plates 2.6926 573

Count R gss 0.3609 11 0.0328 7.9085 Ye.

Plates v/Count
Rang.. 2.3317 562 0.0041

Within Plate. 5.5004 2870

Analyst 0.3800 5 0.087 43.2324 Yea

Analyst x Count
Rang.. 0.1804 55 0.0033 1.8653 Ye.

Analyst z Plate.
v/Count Rang.. 4.9400 281.0

TOTAL 8.1931. 3443
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TABLE 37: Percent of Analysts’ Counts within SE of the Msan Count by
• • Count Range Group*

• COUMT RANGE G80UP

10—100 20-200 30—300 40—400

A 70 81 81 82

3 53 59 60 39

C 52 59 62 65

D 42 45 46 48

E 68 78 82 85

F 76 82 79 77

Mean 40a 6711 68b 6911

* Percentage. have been ad~ju .ted to reflect nornal distribution of counts
in different count range groups.

For each Count Raige Group, an value, followed by the sw letter are
not significantly different at the 5% level of significance.
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TABLE 38: Percent of Analysts’ Counts within 10% of the Mean Count by
Count Range Group*

W~ E GROUP

10—100 20—200 30—300 40—400

A 93 98 98 99

3 88 90 89 89

C 82 88 90 92

D 75 77 78 78

1 93 97 98 99

V 93 95 94 96

Mean 87 91b 91b 921~

* Percentages have been adjusted to ref lect normal distribution of counts
in different count range groups.

For each Count Range Group, mean value. followed by the same latter are
not significantly different at the 5% level of significance.
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TABLE 40: Ninety—five Percent of Analysts’ Counts were Within a Certain
Percentage of the Mean Count by Count Range Graup*

COUNT RANGE GROUP

Analyst 10—100 20—200 30—300 40—400

A 10 7 7 7

B 14 12 12 13

C 15 12 11 11

D 17 16 15 15

E 10 9 8 7

F 9 9 9 9

Mean 1? 11b 10b

* Percentages have been adj usted to reflect normal distribution of counts
• in different count rang. groups.

For each Count Range Group , aean values followed by the seas letter are
not significantly different at the 52 level of significance.
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TABLE 42: Ninety Percent of Analysts’ Count were Witldn a Certain
Percentage of the Mean Count by Count Eange Croup*

COUNT RAN GROUP

10— 100 20-200 30—300 40—400

A 9 6 6 6

B 12 10 10 10

C U 10 9 8

D 14 13 13 12

1 9 7 6 6

F 8 7 7 7

Mean ii~ 9b ,bc

* Percentages have been adjusted to is Elect ..i..1 distribution of counts
in different count rang. group ..

For each Count Range Group, ~~~~ values fOU.i.d by the . letter are
not significantly different at the SE level of stgniftc cs.
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Figur. 1. Photograph of agar plot. prior to counting
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- Figure 2. Photograph of agar plot, with colonies marked¶ 
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Figure 3. Photograph of agar plate afte r colonies were
-• marked, partitioned, counted, verified and recorded
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Count Range Count Range Group
(CR) (CR6)

400 400- -

350

300 300- -

250

200 200— -

150

100 100-

80-

- 3 0 -  
40-

20 - 20- -
to 10’ —

0 -

Figure 4. Relationship of count ranges to
count range groups.
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