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Bacteriological analysis plays an important role in food industry, 
and its value has been established beyond all question. Quality control 
workers are intere8ted in employing tests which are reliable guides in 
selecting healthful food and eliminating products of inferior quality. 
The several methods n eniployed for the estimation of bacteria in food 
products are not entirely satisfactory for modern industrial use; they 
have many disadvantages for modern quality control. Eitkr they involve 
eyestrain and specialized technical knovledge, or they require a great 
length of time. In an attempt to overcome these difficulties, study 
was made of possible modifications of present methods. 

There are in general four main methods for estinting the number 
of bacteria in food products. They are the dilution plate method, direct 
microscopic method, slant culture technique, and the Frost little plate 
method. The plate method for estimating bacterial populations consista 
of plating out appropriate dilutions of the food with an agar medium 
containing the required nutriits, and counting the bacterial colonies 
which develop after 48 hours. The direct microscopio method for milk 
described by Prescott and Breed in 1910 involves the spreading of a 
film of milk over a definite area on a microscope slide, staining, and 
counting the cells through a calibrated microscope. With slight modi- 
fictions this technique could be applied to other food products. Frost 
in 1915 introduced the little plate method in which a microscope slide 
was used as a plate for a mixture of agar medium and sampie. Wilson 
iii 1922 proposed a method for counting bacteria involving replacement 
of Petri dishes by culture tubes. 

After reviewing these methods and their modifications it appeared 
that in order to maintain accuracy, it would be necessary to resort to 
micromethods. Although the micrnethod described here is a modification 
of previous techniques, it eliminates the eye-strain, reduces the cal- 
culations and time required, and is relatively inexpensive. This method 
involves the mixing of O..O5 ml of sample with 3 dropB of plating niediuin 
on a microscope slide, incubating in a moist chamber for ten hours, 
and counting the colonies that appear in the stained films with a 
binocular microscope using lO X magnification. With proper technique 
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it is possible to stain the films so that the colonies are deeply colored, 

while the substrate remains wholly without color. The procedure must be 

followed as outlined in order to obtain reliable replicate samples. Short 

cuts sometimes practiced must be avoided. The results of bacterial counts 

by this method indicate that the technique could be applied in obtaining 

a sufficiently good estimate of bacterial populations. The many advantages 

offered by this technique are as follows: 

1. It requires only one-fourth the time necessary with the standard 

agar plats method. 

2. Less variation is obtaiid among replicate samples. 

3. Theoretically it is more accurate. 

4. The few operations required and their simplicity makes it possible 

for technicians to become proficient in a short time. 

5. The "plates" are easier to count than in other methods. 

6. It is reliable in that it is not likely to fail entirely because 

of spreaders azxi too great a dilution. 

7. The method offers a rapid means of identifying viable cells by 

examination of young colonies. 

8. It furnishes a permanent record, a the slides may be filed. 

9. The method is economical. 
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DEVELOENT OF RAPID STAINING, 
MICROPLATING AND COUNTING TECHNIQUES 

FOR BACTERIA IN FOOD H(ODUCTS 

INTRODUCTIJ 

Bacteriological analysis piaye an important role in food 

induetry, and its value has been established beyond all qstion. 
Progressive food distributors are constantly endeavoring to supply 

their customers with products of highest quality; they know that the 

bacteriological factor is of great significance in keeping quality, 

appearance and flavor. Bacteriological examination of a food product 

furnishes ixiforniation which cannot be obtained in any other way. 

The methods and techniques u8ed to appraise t1 conditions under which 

food is produced frequently deternine transactions dependent upon 

certification of the microbiological quality of the product. Bacterio- 

logical analyses are important in supplementing organoleptic tests in 

judging tI sanitary quality of food products. 

Quality control workers are interested in employing tests which 

are reliable guides in selecting healthful food and eliminating that 

of inferior quality. A bacteriological procedure is required which 

will supply inforntion regarding the probable cause of inferior 

quality BO that the test will be of help to the producer in correcting 

defects. The test must be sufficiently simple, accurate and inexpensive 

to permit its rapid routine use in examining food products. 

The several methods now employed for the estimation of bacteria 

in food products are not entirely satisfactory for modern industrial 

use; they have many disadvantages for modern quality control. itkr 
they involve eye-strain and specialized technical knowledge, or they 



require a great length of time. In attempt to overcome these diffi- 

culties, a study was made of possible modifications of present methods. 

It appeared tkt in order to reduce the time involved and still main- 

tain accuracy, it would be necessary to resort to micro-methods. 

The research described in this thesis was inspired primarily by 

the need for an accurate, more rapid, and less expensive method of 

estimating the number of bacteria in food products. The method develop- 

ed and described in the following pages seems to fulfill all these 

requirements. Although this method is a modification of previous 

techniques, it eliminates the eye-strain, simplifies the calculations, 

reduces time required, ax. is relatively inexpensive. 
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HISTORICAL 

There are in general four main methods for estinting the numbers 

of bacteria in food products. They are the agar plate method, direct 

microscopic method, slant culture technique, and the Frost little plate 

method. 

The standard plate count has been severely criticized by many 

investigators. The most outstanding is that of Wilson (61, pp. 405- 

446) where he states: "on account of the difference between variou8 

species of bacteria in their nutritional, respiratory, and temperature 

requirements, and most important of all on account of the gross irregu- 

larity in the distribution and clumping of the organisms, the plate 

count merely registers the number of bacterial units capable of multi- 

plying under the particular conditions selected". These facts cannot 

be denied, but it is the accepted method for estimating the numbers of 

bacteria in food products and is described in "Standard Methods for the 

Examination of Dairy Products" (2, pp. 85-106). 

In 1910 Prescott and Breed (51, pp. 632-640) described the 

"Direct Microscopic Method". This involved the spreading of a film of 

milk over a definite area on a microscope slide, staining, and counting 

the cells through a calibrated microscope. Goodrich (28, p. 519) later 

pointed out that more than one slide is required before any correlation 

between the direct microscopic technique and the standard agar plating 

method 1.8 obtained. Breed and Stocking (ii, p. 34) maintained thnt 

when a milk contains nothing but living bacteria occurring singly and 

all are capable of growth on the agar used, consistent counts can be 
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made by either method front duplicate sample8 by the same or by different 

persons. Werner (59, p. 286) proved by several experiment8 that the 

addition of formalin to milk as a preservative did not interfere with 

thi& counting technique. Allen (1, p. 16) emphasizes the fact that the 

sise of the groups of bacteria depend on time and temperature, and the 

groups could undergo great increases in numbers of cells without causing 

any change in the plate count, and hence the two methods do not correl- 

ate. Kennedy (40, p. 15) however obtained a fairly constant relation 

between t plate count and t} Breed group count. Although this 

method i8 not considered an accurate total counting procedure by most 

investigators, many modifications in its technique ha increased its 

value. Beattie (6, p. 1033) obtained satisfactory results by the use 

of Proca's stain in differentiating between living and dead bacteria. 

Newman (46, pp. 323-325) devised a method for simplifying tk direct 

microscopic method of Breed by substituting a single solution for 

staining the filins. Erb (22, pp. 377-379) a18o introduced a one 

solution stain capable of defatting, fixing, and staining filma in 

one minute. Broadhurst and Long (13, pp. 57-58) proposed a differen- 

tial stain in 1932 combining neutral red and brilliant green, whereby 

the combination acts as a fixative and a fat remover as well as a 

stain. 

Although t}- modifications of the Breed method greatly facili- 

tated its use, many investigators still believed that further altera- 

tions were necessary before it could be used as an accurate method 

for estimating the total numbers of bacteria in food products. Jenni- 

son (38, p. 475) proposed that if the groups of bacteria could be 



completely broken up, the plata and direct counts would be practically 

identical. According to kianks and James (29, p. 297) there are two 

serious sources of error in this method: loss of bacteria from the slide 

during staining and faulty selection of areas for observing and count- 

ing cells. They also showed (29, p. 305) that greatest accuracy was 

attained by counting a series of equally spaced fields across the dia- 

meter of s. circular film. Olson and Warren (49, p. 495) agreed that a 

circular area provides a more uniform distribution of bacteria than a 

square area and devised an instrument for making the circular areas. 

Recently Olson and Black (48, p. 52) investigated five different 

stains proposed as substitutes for stains ni specified in Standard 

Methods. The results reported show that improved stains have been 

developed, that they can be expected to yield higher clump counts than 

the present stain, and may possess other desirable characteristics re- 

sulting in less fatigue to the laboratory workers and in more accurate 

results. This method and its modifications may not be entirely satis- 

factory for counting bacteria, but it does under some conditions have 

considerable value. It is less expensive and more rapid than the 

plate count and is a reliable method for separating food products of 

high bacteria content from those of low content. 

Wilson (61, pp. 412-443) in 1922 introduced a method for count- 

ing bacteria involving replacement of Petri dishes by culture tubes. 

It was stated that the experimental error between this roll-tube 

method and the standard technique probably does not exceed 5 per cent. 

Burri (57, p. 334) developed a substitute for the standard plate count 

in 1928. The procedure involves spreading, by means of a standard loop, 



0.001 ml of 8ample on an agar sl&iit. Cunninghan and Andrews (21, p. 41) 

found that the Burri techrique gave markedly higher counts than the 

determixtions made by plating. They gave evidence that this discrep- 

alloy was partially due to errors involved in loop measurennts. Rydzew- 

ski (52, pp. 42-43) suggested the use of a calibrated platinum wire ioop 

to measure and streak t} sample on the surface of a. poured Petri plate. 

This enables the testing of severa]. different samples at one tinte. 

Th.cker and Haynes (35, p. 654) did not approve the Burri technique for 

accurate counting, but agreed t1t it is surprisingly simple and has 

practical value for use in controlling sanitary quality as far as 

estimating the numbers of organisms present In various substances is 

concerned. Wieser (58, p. 36) agreed with Hucker and Hayiies in stat- 

ing t}t it offers a simple, inexpensive method to detect the general 

types of microorganisms in various food products. It also offers a 

better differentiation of colonies than pour plates because all the 

colonies are on the surface. 

Myers and Pence (45, p. 19) suggested a modification of this 

technique for te8ting pasteurized milk; the technique was found to 

give reliable counts on heated milks. Moldavan (44, p. 38) using a 

simplified pipette-loop technique in the same maimer found it possible 

for a laboratory to handle 10 times as many samples as in the case of 

the standard plate method. Stirling, Stevens, and Lawley (55, p. 339) 

observed that counts on strips of agar in tubes gave estimates of a 

bacterial population which did not differ significantly from that ob- 

tained from plates inoculated with 1 ml quantities. 
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Frost (25, pp. 889-890) in 1915 introduced a little plate method 

in which a. microscope slide was used as a plate for a mixture of agar 

nedium and sample. Frost secured fair correlation with th standard 

plate method by this technique. Simmons (53, p. 335) found tk Frost 

method to yield results agreeing with those secured with the standard 

agar plate and believed it to be satisfactory for use in determining 

the nwnber of bacteria in milk. Hatfield aixl Park (33, p. 487) agreed 

upon the reliability of the method and, depending upon the local condì- 

tions, t Frost technique of the standard method could be utilized. 

Barkworth (5, p. 257) came to the conclusion that t1 c.znting error 

was t1 saze as tlt of the standard plate count and eitIr could be 

used. Probably the most recent modification of the Frost little plate 

method is tkt of Nickerson (47, pp. 163-168) in 1943. In this case 

the method was altered for use on frozen vegetables by employing a new 

type of slide and a different stain. The precision of this nthod was 

found to be of the sanie rder as tkt of the standard count; however 

the results indicate that representative replicates were not obtained 

in making duplicate counts from the same sample. 

Most investigators are fairly well agreed upon the accuracy 

of the Frost little plate method; however it does have several dis- 

advantages as far as the technician is concerned. The nthod requires 

the counting of numerous microscopic fields before an accurate estimate 

of the total number of bacteria in the product is finally obtained. 

This is very laborious and fatigues vision after a prolonged time. In 

using t1 original Frost stain, extraneous particles are sometimes 

mistaken for bacterial colonies; this leads to bacterial counts higher 
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than actual. Another disadvantage is the series of caiculations re- 

quired. These sometime become quite involved and mistakes are very 

likely to occur. 

The methode and their modifications which have been developed 

for microbiological examination of f coda are quire nunierous. Each 

method has ita advantages depending upon the condition for which it is 

being used, but none are sufficiently rapid and accurate or easily 

applied to meet the requirements for quality control in frozen food 

industries. Therefore, the extension of such work is certain to be to 

the advantage of all concerned. 



EXPERIMENTAL METHOD 

Preparation of SaxnD].e: 

A representative 50 gr. sample of the vegetable product to be 

examined is weighed aseptically into a sterile aluminum Waring blending 

jar. Four hundred fifty ml of sterile water is added, and the contents 

are blended for approximately seven minutes. Ten minutes is tn allow- 
ed for foam to subside and courser particles to settle; the supernatent 

is then considered a 1:10 dilution. 

For liquid food products such as milk or fruit juices, the 

preparation of the sample is much simpler. In this case li ml of the 

product is added to a 99 ml. dilution blank and shaken thoroughly. This 

also comprises a 1:10 dilution and may be used directly. 

The procedure must be followed as outlined in order to obtain 

reliable replicate samples. Short cuts sometimes practiced must be 

avoided. 

Preparatlonof Moist Chamber: 

The top of a sterile 100 xmn Petri dish is inverted inside a 

large sterile 150 nun Petri dish. Sterile water is added to the area 

beteen the two dishes to a depth of approximately * inch. Two micro- 

scope slides easily fit into the moist chamber thus prepared. 

This moist chamber accomplishes two purposes: first, it maintains 

the proper humidity for development of the bacteria; and second, it 

prevents tJ dehydration of the slide cultures during the incubation 

period, a very important part of this procedure. 
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Preparation of .Iicrozcope Slides: 

An area approximately l by 5/8 inches is marked with a wax 

pencil on cleaned inicrosoope slides. To facilitate th procedure and 

aleviate t1 handling of several slides for each sample, two areas 

approximately 20 square mm may be marked on each microscope slide. 

These two areas may then represent duplicate plates. Just prior to use, 

these slides are sterilized by dipping them into 95 per cent alcohol 

and flamed. They are t1n placed on the 45°C. warming table and allow- 

ed to cool to this temperature. These slides should be used as soon as 

possible after sterilizing to prevent contamination. 

The marking of the area on the slides is not critical since the 

entire "plate" will be counted. 

Preparation of Media for Plating: 

The media used for plating depended upon the type of product 

being analyzed. In the case of vegetable products, tryptone glucose 

extract agar was used. To facilitate handling, the microplating 

medium is placed in small test tubes before sterilization. It may 

also be dispensed into small pyrex dropping bottles fitted with ground- 

in pipette stopper and nipple. The medium is melted and held in a small 

50°C. water bath ready fr use as needed. A beaker of water maintained 

at 50°C. serves as a convenient holding bath. 

Preparation of Plates: 

Five hundrethe ml of the 1:10 blended sample suspension is trans- 

ferred to the area previously marked on the microscope slide in position 
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on the warming table. Three drops of the plating medium are then added 

to this with a i ml pipette. A sterile platinum needle is then used to 

mix the inoculum with the medium and spread it evenly over the area 

marked. The slide is then immediately removed from the warming table 

to the moist chamber and ineubated for 10 hours at 32°C. 

The use of 0.05 ml of sample is not essential. however, it is 

most convenient. As with the standard plate count method, it is some- 

times necessary to increase the dilution with heavily contaminated 

samples. This facilitates the counting procedure and aids in accuracy. 

Spreading the inoculated medium to an absolutely uniform thickness is 

not required, as is the case where only a few fields are to be counted. 

yin ti-e Films: 

After the incubation period, the platea are dried on the warming 

table, which has been previously adjusted to 90°C. This drying step 

requires approximately 10 minutes. For best results it should take 

place at a moderate rate. An additional five minutes on the warming 

table should be al1wed to insure adequate fixing. If the films are 

allowed to dry at room or incubator temperature they have a tendency 

to crack a peel or loosen during the staining process. 

Staining the Filma: 

With proper technique it is possible to stain the films so that 

the colonies are deeply colored, while the substrate remains wholly 

without color. Success depends to a considerable extent on treatment 

the films receive before they are immersed in the stain. They must be 

prorly dried as already indicated. The slides are then immersed in 
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the staining solution and allowed to remain 5 minutes. At the end of 

this time the slides are withdrawn with forceps and held in a slanting 

position for decolorization. The decolorizing solution is allowed to 

run over the film a drop at a time until no color is apparently being 

removed by the addition of more decolorizer. The films are then allowed 

to air dry with the slides in an upright position. 

STAINING SOLUTION RECIPE 

5%phenol ----------- 90m]. 
1%anilineblue -------- 8m]. 

glacial acetic acid ------ 25 ml 

DECOLORIZING SOLUTION RECIPE 

HC1 (sp. gr. 1.19 ------- 3 nil 

Ethyl alcohol (95%) to make - -100 ml. 

Best results were obtained with the above modification of the 

staining technique developed by Jones and Mollison (39, pp. 461-463) 

for a direct count of microorganisms in soil. By increasing the acetic 

acid concentration of the staining solution from 20 ml to 25 ml and by 

using no water during the staining procedure, greater contrast was ob- 

tamed. Following application of t alcoholic acid decolorizer the 

bacterial colonies thon appear as relatively large blue masses against 

an almost white background. 

Counting the Colonies: 

Counting of the colonies is accomplished by focusing the film 

under a wide field binocular microscope using a 10 X magnification. 

The slide is moved across the field as required to count all the 

colonies appearing in the entire area of the film. Since 0.05 ml of a 
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1:10 dilution is used to prepare a "plate" the dilution factor is 200. 

Therefore, the number of colonies counted, when multiplied by this 

factor, gives the number of bacteria per grani of product. 

To aid in counting, the reverse side of the slide may be ruled 

with a diamond point pencil or by another suitable nthod. This step 

eliminates all confusion in counting each plate on the slide and serves 

the same purpose as the ruled areas on conventional colony counting 

apparatus. 

Application Results: 

The foregoing procedure was applied to duplicate samples taken 

from each of 3 to 6 randomly selected packages of several different 

frozen vegetables, packed in 195]. by a leading food processing firm. 

Standard plate counts were made at the same time for comparison. Tryp- 

tone glucose extract agar was used as the culture medium in both 

methods. It was convenient to make microcounts in duplicate, since two 

microplates could be prepared on a single slide. Triplicate plates 

were made for the standard plate counts. 

Results are presented in Tables 1 to 5; average counts are 

shown graphically in Figures 1 to 5. The standard plate counts gave 

results that may be considered typical of the normal product in each 

case. 

In general the microcounts are slightly lower than the corres- 

ponding standard count; for 8 of the 25 packages, the niicrocounts are 

higisr. Differences greater than 10 per cent occur in only a few 

cases. On individual samples, duplicate microcounts agree more 
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closely than t counts on triplicate standard plates. 



COMPARISON OF MICROCOUNTS AND PLATE COUNTS ON FROZEN GREEN AS 

TABLE I 

SAJAPLE i SAMPLE 2 AVERAGE OF SAMPLES 

Package 
Number Micr000unt Plate Count Microcount Plate Count Microcount Plate Count _ 

53 50 

335 58 315 52 67,500 54,000 
i 340 52 324 54 63,900 

Ave. 337.5 54.0 319.5 52.0 65,700 
________ 
53,000 

68 60 

307 70 325 66 62,200 68,000 
2 315 66 326 72 65,100 66,000 

Ave. 311.0 68.0 325.5 66.0 63,650 67,000 

50 61 

327 74 300 67 65,700 63,000 
3 330 66 313 73 61,300 67,000 

Ave. 328.5 63.0 306.5 67.0 50O 65,000 

81 59 

250 64 283 63 50,600 69,000 
4 256 62 285 61 56,800 61,000 

Ave. 253.0 9.0 T84.0 61.0 S,700 65,000 

58 60 

303 69 296 69 61,500 63,300 

5 312 63 299_ 75 59,500 68,000 
Ave. 307.5 63.3 297.5 68.0 60,500 65,800 
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COMPARISON OF MICROCOUNTS AND PlATE COUNTS ON FROZEN MIXED VEGETABLES 

TABLE II 
SAMPLE i SAMPLE 2 AVERAGE OF SAMPLES 

Package 
Number Microcount Plate Count Microcount Plate Count Microcount Plate Count 

158 148 
- 

700 157 665 153 140,600 159,000 
1 706 162 677 170 134,200 157,000 

Ave. 703.0 159.0 671.0 157.0 137,400 158,000 

161 
766 169 830 169 154,100 170,000 

2 775 171 837 177 166,700 169,000 
Ave, 770.5 170.0 833.5 169.0 160,400 169,500 

139 125 
515 154 496 136 104,000 143,000 

3 136 498 147 99,400 136,000 
Ave, 520.0 143.0 497.0 136.0 101,700 138,500 

155 148 
495 163 507 156 99,400 165,000 

4 499 177 510 170 10l,700 158,000 
Ave. 497.0 165.0 508.5 158.0 100,550 161,500 

49 60 
268 65 335 58 54,200 57,000 

5 274 59 343_ 59 67,800 59000 
Ave. 271.0 57.0 339.0 59.0 61,000 58,000 

39 56 
303 45 303 72 61,000 45,000 

6 307 51 312 45 61,500 57,000 
Ave. 305.0 45.0 307.5 57.0 61,250 51,000 

I-1 
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COÌPARISON OF MICROCOUNTS AD PLATE COUNTS ON FROZEN CUT GREEN BEANS 

TABLE III 

SAMPLE i SAMPLE 2 AVERAGE OF SAMPLES 
Package 
Number Microcount Plate Count Microcount Plate Count Microcount Plate Count 

257 49 47 
242 42 259 49 50,000 47,000 
251 50 263 51 52,200 49,000 

Ave. 2O.O 47.0 261.0 49.0 51,100 48,000 

51 44 
242 49 246 47 48,600 51,000 

2 244 53 256 47 200 46,000 
Ave. 243.0 51.0 2bI0 46.0 49,400 48,500 

104 99 
515 97 510 105 103,600 102,000 

3 521 105 518 111 102,800 105,000 
Ave. 518.0 102.0 514.0 1050 103,200 104,300 

102 100 
469 109 470 109 94,000 100,000 

4 471 87 486 118 95,600 109,000 
Ave. 470.0 100.0 478.0 109.0 94,800 104,500 

122 113 
523 109 538 122 106,600 117,000 

5 543 120 546 131 108,400 122,000 
Ave. 533.0 117.0 542.0 122.0 107,500 119,500 

co 
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COMPARISON MICR000UNTS AND PLATE COUNTS ON FROZEN CUT WAX BEANS 

TABLE IV 

SAMPLE): SAMPLE 2 AVERAGE OF SAMPLES 
Package 
Nuniber Microcount Plate Count Microcount Plate Count Microcount Plate Count - 

53 56 
221 56 324 66 44,800 61,660 

1 227 76 330 77 65,400 66,300 
Ave. 224.0 61.66 327.0 66.3 55,100 3,98 

52 46 
217 51 220 52 43,600 50,300 

2 219 48 277 58 49,700 52,000 
Ave. 18,O 50.3 248,5 52.0 46,650 51,150 

70 79 
40 80 49 80 8,800 6,660 

3 48 50 51 84 10,000 8,000 
Ave. 44.0 6.6 50.0 80,0 9,400 7,330 

47 53 
340 50 281 60 68,600 49,600 

4 346 52 289 69 57,000 60,600 
Ave. 343.0 49.6 285.0 60.6 62,800 55,100 

43 36 
140 45 164 45 2,6O0 40,000 

5 146 32 170 54 33,400 45,000 
Ave. 143.0 T0.0 167.0 45.0 31,000 42,500 

26 40 
128 30 180 36 26,100 32,600 

6 133 42 
- 

180 44 36,000 40, 
Ave. 130.5 32.6 180.0 40.0 31,050 36,300 
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COMPARISON OF MICROCOUNTS AND PLATE COUNTS ON FROZEN BABY LIMA BEANS 

TABLE V 

SAMPLE 1 

Package 
Number Microcount Plate Count 

SAMPLE 2 AVERAGE OF SAMPLES 

Microcount Plate Count Microcount Plate Count 

68 76 

306 81 350 78 60,700 73,000 
301 70 352 91 70,200 81,600 

Ave. 303.5 73 351.0 81.6 65,450 77,300 

137 132 
817 154 800 137 164,200 140,300 

2 825 130 812 142 161,200 137,000 
Ave. 821.0 

- 

140.3 806.0 137.0 162,700 138,650 

42 35 

203 57 151 37 40,900 47,300 
3 206 43 155 47 30,600 39,660 

Ave. 204.0 47.3 153.0 39.66 35, 43,480 

t', 
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DISCUSSION AND CONCLUSIONS 

The resulta of bacterial counts by the micromethod indicate that 

thia technique gives reliable estimates of bacterial population in 

frozen foods. Satisfactory agreement with plate counts was obtained. 

The mioromethod would be of considerable help in rapidly evaluating the 

sanitary condition of food products. It requires only one-fourth the 

time needed with tI standard agar plate method; this is due mainly 

to the decrease of 38 hours in incubation time. 

Different counts on the same sample show less variation by the 

rnicromethod than by the standard agar plate method. Since a relatively 

larger amount of sample is used with the microtechnique than with the 

ordinary plating procedure the former method should theoretically be 

the more accurate. Because of the few operations required and their 

simplicity, a technician can readily carry out the procedure and be- 

come proficient in a short time. 

The method is economical because microscope slides are substi- 

tuted for Petri dishes and the amount of medium required is not aver 

one-twentieth of that used by the standard agar plate method. 

In other methods it is necessary to use high magnification 

(. ox to 970X) to count the bacterial cells or colonies, and many 

fields must be counted for each sample. With the micromethod the 

young colonies appear as deep blue masses against a white background 

and are of sufficient size to be readily observed and counted. The 

entire plate can be counted in approximately 10 minutes with a wide 

field binocular microscope, and they are easier to count than ordiry 



dilution plates. Spreader8 do not have time to develop and confuse the 

enumeration. Although the dilution may have to be increased with highly 

contaminated products as with the standard agar plate count method t} 

0.05 ml sample is satisfactory for counts as high as 100,000 bacteria 

per gram. Since colonies are counted, only viable cells are enumerated; 

the results are therefore interpretable on this basis, which is a dis- 

tinct advantage of direct microscopic counts that include non-viable as 

well as living cells. Another desirable feature of the method is the 

permanent record provided by t} slides with the stained and dried 

films, These may be filed, thu8 giving control officials or others con- 

cerned actual evidence on specific samples when results of bacterial 

counts are questioned. 
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The microplating method described provides aix improvement in 

laboratory control procedures that could be helpful to the food in- 

duetries in their endeavors to increase quality of their products. 

All the currently used methods sacrifice at least one factor such as 

time, accuracy, expense or simplicity. For example, several of the 

rapid methods sacrifice accuracy for the reduction in tiir required 

to complete the analysis. Other methods require highly developed tech- 

nique to obtain accuracy and reduction in time. The method described 

on tk preceding pagea was designed to combine accuracy, simplicity, 

economy and reliability in tt study of sanitary control problema in 

frozen food industries, 

The results of bacterial counts made by standard Petri dish 

and microtechnique methods indicated that either procedure could be 

of considerable help in evaluating the sanitary oondition of food 

products. As a rule, different counts on the saine sample show less 

variation among themselves by the micromethod than by the standard 

agar plate count method, and the bacterial counts obtained by one 

method were approximately of the same reliability as those obtained 

by the other. The microriethod, owing to the short incubation period 

required, should be an effective aid to the development of quality 

control measures in food-processing plants. While this microtechnique 

may not be iuimediately acceptable to the industry it is hoped that 

it will stimulate interest in investigations of this nature and lead 

to a procedure useful for establishing a definite sanitary code in the 

frozen food industry. 
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