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ABSTRACT

Wheat and flour samples from 11 representative flour mills in the Kansas-
Nebraska and Pacific Northwest wheat-producing areas were examined for their
bacteriological content, Examinations were made for total aerobic bacteria,
psychrophiles, fecal streptococci, salmonellae, coagulase-positive staphylococci,
catalase-negative bacteria, thermophilic spores, and actinomycetes. The stand-
ard method for estimating total aerobic bacteria was improved through the use
of cycloheximide (Actidione) as a fungal inhibitor. In general, total and dif-
ferential counts were low. Counts for total bacteria ranged from 220 to
20,000/g. in flour and from 15,000 to 660,000 in wheat. These counts were
consistently lower in the finished flours than in the parent grains. Actinomycete
counts ranged from 0 to 5,300/g. of flour and from 0 to 300/g. of wheat.
Tests for salmonellae and coagulase-positive staphylococci were negative in the
samples examined.

Some 532 cultures of bacteria were isolated for taxonomic studies. The
most frequently encountered and widely distributed bacteria in wheat belonged
to the genus Flavobacterium; in flour the dominant organism was Paracolo-
bactrum aerogenoides. Of the 228 actinomycete cultures isolated, Streptomyces
albus predominated.

Literature reviews by Semeniuk (1) and by Hesseltine and Graves (2)
reveal that most of the bacteriological studies of domestic and Canadian
wheats and flours were made during the first four decades of the century, a
period when spoilage of breads by rope-producing bacteria was more common
than it is today. Ropiness of bread, a type of spoilage caused by a mucoid
variant of Bacillus subtilis, is now rare in commercially baked breads, pri-
marily because of the use of calcium or sodium propionates in the flour.
The treatment of wheat with chlorine at the tempering stage in milling has
also been instrumental in reducing the incidence of “rope” in bread.

Renewed interest in the bacteriology of wheat and flour in recent years
has come mainly from an expanding market for flour in refrigerated and
frozen foods. Because flour is a major raw ingredient in many of these non-
sterile foods, an evaluation of the numbers and kinds of microorganisms
contributed by it is important to the milling industry. Processors are be-
ginning to request that the miller guarantee the suitability of his flour for
these special foods, and some of the larger ones are specifying flours with a
maximum bacterial count of 5,000 per g. According to Doty (3), maximum
bacterial counts being specified are 15,000 per g. for use in canned biscuits,
10,000 per g. for frozen fruit pies, and 5,000 per g. for “TV dinners” and
frozen meat pies.

Bacterial counts reported in the literature for flour vary considerably,
ranging from less than 1,000 per g. to more than 5 million (4-10). Com-
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paratively little information is available regarding numbers and kinds of
bacteria in wheat itself. In 19 samples of soft red winter wheat examined by
Gustafson and Parfitt (6), counts ranged from 46,000 to 3,260,000 per g.
James, Wilson, and Stark (11) found that bacterial populations on samples
of Manitoba Northern wheat ranged from 43,000 to 108,000 per g. They
noted that two types of bacteria consistently predominated and suggested that
these species be considered epiphytic on wheat. One organism was identified
as Bacterium herbicola aureum Duggeli (Flavobacterium herbicola Mack)
(12), and the other as a species of Pseudomonas. Later, James (13) studied
in detail the yellow chromogen originally classified as B. herbicola aureum
Duggeli and concluded that it belonged in the genus Xanthomonas. He pro-
posed the name Xanthomonas trifolii (Huss) comb. nov.

To establish the present microbiological status of domestic wheats and
flours, a survey of wheats and commercial flours from various mills through-
out the country is being made in co-operation with the Millers’ National Fed-
eration. Six geographical areas representing a cross-section of the nation’s
major wheat-producing areas were selected for study. The bacteriology of
wheats and flours from two of these study areas is reported here. A study of
the fungi associated with flours from these same areas has been reported else-
where (14).

MATERIALS AND METHODS
Sampling

Samples of unwashed wheats and of flours milled from them were re-
ceived from representative mills in the Kansas-Nebraska and Pacific North-
west wheat-growing areas and prepared for examination as described in a
previous paper (14). Samples from nine mills in Kansas-Nebraska and from
two in the Pacific Northwest included: unwashed wheat, 11; patent flour, 13;
first-clear flour, 3; and straight-grade flour, 3. Only two Pacific Northwest
mills were involved in the survey, because they are the only ones processing
locally grown wheat; the rest mill imported wheat.

Bacteriological Examination

The total bacterial population was estimated by preparing duplicate pour
plates with Plate Count Agar (PCA, Difco) containing 100 p.p.m. cyclohexi-
mide (Actidione) (15) to inhibit fungal growth. The Seitz-filtered anti-
biotic solution was added to the melted, tempered agar before it was poured.
Preliminary experiments showed that cycloheximide at this concentration had
little or no effect on bacterial growth but suppressed fungal growth (Fig. 1).
Incubation was at 32°C. for 3 days.

To enumerate psychrophilic bacteria, plates were poured with PCA plus
cycloheximide and incubated at 5°C. for 10 days. As an indirect method for
estimating the level of lactic acid bacteria present, catalase-negative bacteria
were counted by inoculating 1-ml. quantities of diluted sample onto the dry
surface of 7-day-old plates of Difco Orange Serum Agar (OSA) containing
100 p.p.m. cycloheximide. Plates poured a week in advance were dry enough
to absorb the excess water of the 1-ml. inoculum. The plates were incubated
at 32°C. for 3 days, and each colony was tested for catalase by adding a drop
of hydrogen peroxide solution (10% v./v.). Actinomycete populations were
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Fig. 1. Duplicate agar plates prepared from a 1:100 dilution of flour showing
selective inhibition of fungi. Right, Plate Count Agar. Note presence of both mold and
bacterial colonies. Left, Plate Count Agar plus 100 p.p.m. cycloheximide.

determined by surface-inoculating prepoured, 7-day-old plates of PCA plus
cycloheximide. Colonies were counted after 14 days at 28°C. Although the
fungal antibiotic virtually eliminates interference from yeasts and molds, bac-
teria grow uninhibited. After 2 weeks, however, the sporulating actinomycete
colonies are easily distinguished from the dried, degenerate bacterial colonies.
Counts of thermophilic spores, coagulase-positive staphylococci, salmonellae,
and fecal streptococci were made according to the methods outlined in Cereal
Laboratory Methods (16).

Isolation, Characterization, and Identification

Totals of 532 bacteria and 228 actinomycetes were isolated and purified
for taxonomic study. Actinomycetes were isolated from the plates used for
their enumeration and bacteria, from the plates used for determining the total
bacterial population. An accurate appraisal of the relative incidence of each
genus or species present in a given sample required that each colony develop-
ing on or in the agar medium be subcultured and identified. This appraisal was
possible with actinomycetes, where colony numbers rarely exceeded 25 to 30
per plate, but was not practicable with bacteria, where the number of colonies
was usually much greater. It was decided, therefore, that a reasonably ac-
curate picture of species distribution could be obtained by subculturing and
identifying a representative fraction of the total number of colonies present.
With each sample, one of the plates used for the colony count was selected
at random, and from it, 25 colonies were picked into tubes of Trypticase Soy
Broth (BBL). A method described by Kirsch et al. (17) was used to select
the colonies for subculturing. Purification was accomplished by streaking
growth from the broth cultures onto plates of Trypticase Soy Agar (TSA,
BBL) for single-colony isolations. Once purified, the cultures were main-
tained on TSA slants at 4°-5°C. Actinomycete colonies were subcultured and
maintained on slants of either Asparagine Dextrose Agar (18) or Tomato
Paste-Oatmeal Agar (19).

Methods based on those described in the Manual of Microbiological



May, 1967 GRAVES, ROGERS, LYONS, AND HESSELTINE 291

Methods (20) were used to study the bacterial isolates. On the basis of
morphological, cultural, and physiological characteristics, the cultures were
grouped and enough replicates were eliminated to reduce to 265 the number
of cultures to be studied. These were further characterized and classified into
genera as far as feasible and into species where possible according to de-
scriptions given in Bergey’s Manual of Determinative Bacteriology (21).

Unless otherwise indicated, incubation of test media was at 28°C. Action
on sugars and alcohols was observed in Purple Broth Base (Difco) containing
1% of the carbon source (lactose broth was incubated at 28°C. and 37°C.);
the medium of Hugh and Leifson (22) was used to distinguish between oxida-
tive and fermentative metabolism of carbohydrates. Protopectinase activity
was detected by the method of Vaughn ef al. (23). The cellulose-salts medi-
um of Alarie and Gray (24) was used to demonstrate cellulolytic activity;
observations were made weekly over a period of 35 days. Urea hydrolysis
was tested in Urease Test Medium (BBL). Decomposition of alginate was
determined according to the method of Waksman as modified by Skerman
(25), and production of acetic acid from ethanol was detected on the agar
medium of Shimwell, Carr, and Rhodes (26). Heterofermentative metabolism
of glucose was tested in the tomato juice-gelatin medium of Gibson and Abd-
El-Malek (27), and utilization of NH,H.PO,, on the agar medium recom-
mended by Hucker (28). Difco’s Coagulase Plasma was used to determine
coagulase activity. Leifson’s method was used to determine flagellation; pig-
mentation was noted on TSA, potato slants, and on the “B” medium of King,
Ward, and Raney (29). Growth at 37°C. (air temperature) and at 42°C.
(water-bath temperature) was determined by observing slant cultures of
Tryptone-Glucose-Yeast Extract Agar (TGY) (18) for growth at intervals
up to 1 week. Each culture was carried through three transfers at each tem-
perature; only those cultures showing growth on the third transfer were
considered positive. Methods described by Smith, Gordon, and Clark (30)
were used to study the aerobic spore-forming bacteria. Actinomycete isolates
were studied by the methods described by Lyons and Pridham ( 31).

RESULTS

Total and Differential Counts

Results from preliminary studies of flour milled from the 1963 wheat
crop (hard red winter) in the Kansas-Nebraska area are given in Table I.
In general, total bacterial counts were low, the low-grade flours (high ash
content) having a higher count, in most instances, than the high-grade flours
(low ash content). Correlation between ash content, flour grade, and bacte-
rial numbers has been reported elsewhere (6,8). Of the seven samples ex-
amined for psychrophiles, only one (14%) contained a detectable level of
this group of organisms. Fecal streptococci were detected in less than half of
the samples and were present in relatively low numbers. Thermophilic spore
counts (total aerobic and flat-sour) were also low, the counts being somewhat
higher in clear flours than in patent. All except one of the samples (88% )
harbored actinomycetes, the average count being about 990 per g. of flour.

Data comparing total and differential counts of 1964 wheats and of
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TABLE I

MICROBIAL COUNTS OF WHEAT FLOURS MILLED FROM THE 1963 Cror
IN KANSAS-NEBRASKA

THERMOPHILIC SPORES
TOTAL PsYCHRO- FECAL ————————

MiLL AEROBIC PHILIC  ACTINO- STREPTO- Total
No. FLOUR AsH BACTERIA  BACTERIA MYCETES cocct Aerobic  Flat-Sour
% perg. perg. perg. MPN® perg. per10g. perl0g.

1 Patent 0.40 3,100 0 0 0 125 75
1st Clears 1.30 9,300 0 100 0 215 105

2 Patent 0.38 9,900 0 2,300 240 55 50
1st Clears 0.62 20,000 145 5,300 3.6 160 120

3 Patent 0.40 4,800 0 85 0 5 5
1st Clears 0.69 3,200 0 25 3.6 30 20

4 Patent 0.40 1,300 0 30 0 5 5

5 Straight-grade 3,000 ... 65 0 0

aMost probable number. 7

TABLE II

MICROBIAL COUNTS OF 1964 WHEATS AND OF FLOURS MILLED FROM THEM IN
KANSAS-NEBRASKA AND THE PACIFIC NORTHWEST

TOTAL AEROBIC PSYCHROPHILIC CATALASE-NEGA-  ACTINO- THERMOPHILIC SPORES

MiLL BACTERIA® BACTERIA® TIVE BACTERIA MYCETES Total Aerobic Flat-Sour
Wheat Flour Wheat Flour Wheat Flour Wheat Flour Wheat Flour Wheat Flour

per per per per
per g. perg. perg. perg.  perg  perg. perg. perg. 10 g. 10 g. 10g. 10g.
1 110 4.8 29 1.2 0 0 300 1,700 70 70 25 70
2 160 0.8 140 0.34 0 0 40 60 50 10 45 0
3 140 4.9 39 0.66 0 0 20 180 10 0 5 0
4 97 4.6 45 3.2 1,000 0 100 90 5 0 0 0
5 660 6.6 140 0.77 0 15 100 60 15 5 15 0
6° 15 0.22 0 0.0 0 0 0 10 0 0 0 0
7 600 14 140 0.83 0 20 85 85 5 20 0 0
8 36 8.6 34 46 130 160 20 10 15 0 0 0
9 66 3.2 45 0.06 0 10 140 25 25 160 5 10
10 93 33 26 0.7 0 10 130 160 10 15 10 5
11 38 3.6 21 0.32 0 0 55 10 0 1,200 0 730
aValues X 10

bMills located in the Pacific Northwest.

flours milled from them are presented in Table II. Total bacterial counts were
considerably lower in finished flours than in wheats from which they were
milled, the respective counts averaging 3,800 and 180,000 per g. Psychro-
philic bacteria were present in 91% of the wheat and flour samples, with popu-
lations averaging 60,000 per g. of wheat and 1,200 per g. of flour. They
accounted for as much as 94% of the bacterial population in wheat and 70%
in flour. In both wheat and flour, catalase-negative bacteria comprised only a
small proportion of the bacterial flora. They were found in only two wheat
samples and in about half the flour samples. Thermophilic spores (total
aerobic) were present in 82% of the wheat samples and averaged 19 per 10
g.; in the flours they were detected in 64% of the samples and averaged
about 135 per 10 g. Six of the 11 wheat samples (55% ) harbored flat-sour
spores, the average count being 10 spores per 10 g.; four of the flour samples
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(36%) contained these spores, the counts averaging 74 per 10 g. On the
average, actinomycete counts were higher in the flours (220 per g.) than in
the parent wheats (90 per g.). These organisms were encountered in all flour
samples and in all wheat samples except one.

Fecal streptococci (not shown in table) were detected in only 18% of
the wheats and flours examined. Counts (MPN/g.?) ranged from O to 43
in the wheats and from O to 3.6 in the flours. Tests for salmonellae and
coagulase-positive staphylococci were not made.

Taxonomic Distribution of Bacteria
On the basis of morphological, cultural, and physiological tests, the bac-
terial isolates were grouped as in Fig. 2. Gram-positive cocci ( group A) com-

10

wheat I
Flour [T

-
r=3

Percent of Isolates

20

c
Group

Fig. 2. Distribution of different groups of bacteria isolated from wheat and flour.
A, cocci (micrococci, staphylococci, and leuconostocs); B, gram-negative gas-forming
rods; C, gram-negative nongas-forming rods; D, aerobic spore-formers; E, other gram-
positive rods.

prised about 14% of the bacterial population in flour, whereas this group
was not detected in wheat. Organisms placed in group B, gram-negative rods
that produced acid and gas from glucose, predominated in flour and repre-
sented 50% of the population. In wheat, they accounted for about 15% of
the isolates. Organisms in this group included Escherichia coli, Aerobacter
cloacae, Paracolobactrum aerogenoides, P. coliforme, and members of the
genus Erwinia. Gram-negative, nongas-forming rods ( group C) accounted for
slightly more than 75% of the wheat flora, and about 23% of the bacteria
from flour. These were primarily organisms belonging to the genera Flavo-
bacterium and Pseudomonas. Although aerobic spore-formers (group D) were
not present to any great extent in either wheat or flour, they accounted for
slightly more than 10% of the cultures from flour and less than 5% of those
from wheat. Gram-positive rods other than the spore-formers (group E)
represented about 5% of the cultures from wheat and less than 2% of those

2 Most probable number per g. (see reference 16).
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TABLE III
DISTRIBUTION OF BACTERIA ISOLATED FROM WHEAT AND FLOUR
‘WHEAT FLOUR
Percent Percent
of Samples of Samples

No. of Percent Yielding No. of Percent Yielding

ORGANISM Isolates of Total Cultures Isolates of Total Cultures
% % % %

Achromobacter 0 0.0 0.0 2 0.7 18.2
Aerobacter cloacae 2 0.8 18.2 42 15.6 54.5
Alcaligenes faecalis 0 0.0 0.0 1 0.4 9.1
Bacillus brevis 1 0.4 9.1 1 0.4 9.1
B. cereus 3 1.1 27.3 3 1.1 18.2
B. circulans 6 2.3 9.1 0 0.0 0.0
B. coagulans 0 0.0 0.0 1 0.4 9.1
B. licheniformis 1 0.4 9.1 1 0.4 9.1
B. megaterium 0 0.0 0.0 1 0.4 9.1
B. pumilis 0 0.0 0.0 11 4.1 45.5
B. subtilis 0 0.0 0.0 9 3.3 36.4
B. subtilis var. niger 0 0.0 0.0 1 0.4 9.1
Bacillus (unidentified species) 0 0.0 0.0 3 1.1 27.3
Brevibacterium 2 0.8 18.2 1 0.4 9.1
Corynebacterium sp. 0 0.0 0.0 2 0.7 9.1
Erwinia 0 0.0 0.0 11 4.1 54.5
Escherichia coli 0 0.0 0.0 3 1.1 9.1
Flavobacterium spp. 140 53.0 90.9 39 14.6 90.9
Leuconostoc mesenteroides 0 0.0 0.0 2 0.7 9.1
Micrococcus candidus 0 0.0 0.0 8 2.9 45.5
M. caseolyticus 0 0.0 0.0 3 1.1 18.2
M. flavus 0 0.0 0.0 2 0.7 18.2
M. freudenreichii 0 0.0 0.0 10 4.0 9.1
M. ureae 0 0.0 0.0 3 1.1 18.2
M. varians 0 0.0 0.0 1 0.4 9.1
Micrococcus 0 0.0 0.0 4 1.5 27.3
Paracolobactrum aerogenoides 37 14.0 54.5 77 28.7 90.9
P. coliforme 0 0.0 0.0 1 0.4 9.1
Pseudomonas spp. 60 22.7 81.8 15 5.6 72.7
Staphylococcus aureus 0 0.0 0.0 4 1.5 18.2
Unidentified 12 4.5 36.4 6 2.2 27.3
Total 264 100.0 268 100.0

recovered from flour. Most of the cultures in group E could not be identified;
a few, however, were placed in the genera Brevibacterium and Corynebacte-
rium.
™ Table III illustrates the relative abundance and distribution of the bac-
teria isolated from wheat and flour. The most frequently encountered and
widely distributed bacteria in wheat were those belonging to the genus Flavo-
bacterium. Members of this genus accounted for more than half (53%) of
the isolates from wheat, and cultures were recovered from about 91% of the
samples. Paracolobactrum aerogenoides and strains of Pseudomonas were
the next most commonly isolated bacteria, representing 14 and 23% of the
respective isolates.

In flour the dominant organism was Paracolobactrum aerogenoides. It
comprised about 29% of the isolates and was found in 91% of the samples.
Flavobacteria and pseudomonads were present in more than 70% of the
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flours, the former constituting about 15% of the population and the latter,
6%. Coliform bacteria were recovered more often from flour than from
wheat. More than half (54.5%) of the flour samples contained Aerobacter
cloacae, whereas less than half (18.2% ) of the wheats yielded cultures of this
organism. Thomas and Hobson (32) found that aerogenes-cloacae strains
were part of the normal bacterial flora of ears and panicles of growing cereals.

Only three cultures of E. coli were isolated and all came from one sample
of flour. The majority of Bacillus species came from flour, B. pumilis being
the principal species. Lactic acid bacteria were virtually absent. Only two
cultures of Leuconostoc mesenteroides were recovered and these came from
one flour sample. Staphylococcus aureus was found only in flour and repre-
sented less than 2% of the isolates. Species of Micrococcus accounted for
about 12% of the cultures from flour, and of the six species identified, M. can-
didus was the most widely distributed. Accounting for less than 1% of the
isolates from wheat and flour were strains of Achromobacter, Alcaligenes,
Brevibacterium, and Corynebacterium.

Classification of Streptomycetes

All the actinomycete cultures isolated (228) from wheat and flour were
members of the genus Streptomyces. Of these, 146 (64% ) were S. albus, the
type species of the genus. Although the remaining 82 Streptomyces cultures
have not been identified, the majority (70% ) of these are similar to S. griseus
in mycelium coloration and morphology.

Examination of representative strains of S. albus isolates showed that, on
the basis of various morphological and physiological characteristics, they
could be divided into two distinct groups. In Tables IV and V, the principal
characteristics of representative strains of each group are compared with those
of the proposed (31) neotype strain of S. albus, strain ATCC 3004 (IMRU
3004, maintained as NRRL B-1811 in the permanent ARS Culture Collection
at the Northern Laboratory). As shown in Table IV, the group represented
by S. albus S-2006 was identical with the neotype strain with respect to aerial
and substratal mycelia coloration. The other group, represented by S. albus
S-1835, differed from the neotype strain in that the aerial mycelium was
white with faint tinges of pink and the substratal mycelium was more yellow-
ish than buff.

Except for a slight variation in the utilization of i-inositol, the carbon
utilization pattern exhibited by S. albus S-2006 was the same as that of the

TABLE 1V
COMPARISON OF MYCELIUM COLORATION® OF

Streptomyces albus S-1835, Streptomyces albus S-2006,
and Streptomyces albus NRRL B-1811

FEATURE S. albus S. albus Sr.ialbus A

AGAR MEDIUM (MYCELIUM) S-2006 S-1835 NRRL B-1811
Inorganic salts-starch Aerial Cretaceous Pale pinkish Cretaceous

(chalk-white)  buff XXIX (chalk-white)

Glycerol-asparagine Substratal  Light buff XV  Maize yellow IV  Light buff XV

aSee reference 31.
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TABLE V
COMPARISON OF PHYSIOLOGICAL CHARACTERISTICS AND ANTIBIOTIC ACTIVITY OF

Streptomyces albus S-2006, Streptomyces albus S-1835, and
Streptomyces albus NRRL B-1811*

g P g 9. G
3 S8 s 38 1E <EE
CHARACTERISTIC “Yr U HZR CHARACTERISTIC Gh  bh HZA
Carbon utilization Hydrolysis of starch - + -
L-Arabinose & + & Production of H.S - - -
Raffinose ) & ) Antibiotic activity
Rhamnose =) &) =) against:
p-Xylose e + & Bacillus subtilis + + =
Glucose eI . ~ Candida albicans - + -
p-Galactose 4 ok b Escherichia coli - ap -
Fructose b + & Mucor ramannianus — + -
i-Inositol b ) ) Saccharomyces
D-Mannitol + & pasteurianus - + -
Salicin d b & Sarcina lutea + o= o+

aSymbols: —, Negative reaction or no growth; (-), faint growth, probably no utilization; @, poor to
fair growth; -+, positive reaction or good growth and definite utilization.

neotype strain (Table V). The utilization pattern of the other strain (S-1835)
varied somewhat more. With respect to diastatic and antibiotic activities, S.
albus S-2006 resembled strain NRRL B-1811 more closely than did S.
albus S-1835. Like the neotype strain, neither S. albus S-2006 nor S. albus
S-1835 produced hydrogen sulfide.

Microscopic examination of the two representative strains showed that
they formed small, compact to extended, coiled chains of spores. Both strains
were placed in the morphological section Spira (33). Electron photomicro-
graphs comparing the spore morphology of these strains with that of the
neotype strain are shown in Fig. 3. Strains S-1835 and S-2006 both formed
spores that were elongated and ovoid with smooth surfaces. Strain S-1835
differed from strains S-2006 and NRRL B-1811 in that it produced chains
of spores in the form of compact spirals rather than extended spirals, and the
spores were enclosed in a loose-fitting, conspicuous sheath.

DISCUSSION

Although general conclusions regarding the bacteriological condition of
domestic wheats and flours cannot, and should not, be drawn until the survey
has been completed, a comparison of counts with those reported earlier (1,2)
seems to indicate a downward trend in the bacterial content of commercial
flours. Improved handling of wheat, better milling practices, and the use of
modern milling equipment (e.g, complete pneumatic conveying systems)
have undoubtedly done much to upgrade mill sanitation and to reduce micro-
bial populations in flour.

Fecal contamination, as indicated by the low counts for enterococci and
the infrequent recovery of E. coli, was minimal in the samples examined. Al-
though no salmonellae or coagulase-positive staphylococci were detected, the
number of samples tested was limited; therefore, it should not be concluded
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Fig. 3. Electron photomicrographs comparing spore morphology of Streptomyces
albus strains S-2006 and S-1835 with S. albus NRRL B-1811. A, strain NRRL B-i811
(about 6,000 X); B, strain NRRL B-1811 (about 2,000 X); C, strain S-2006 (about
6,000 X); D, strain S-2006 (about 2,000 X); E, strain S-1835 (about 6,000 X); F,
strain S-1835 (about 3,600 X).

that flour is always free from such contaminants. The incidence of these or-
ganisms in domestic flours is worthy of further investigation.

The finding that certain bacteria were consistently present on wheats and
flours was not surprising. According to Semeniuk (1), numerous other in-
vestigators have reported similar results. The majority of these workers noted
that the dominant bacterium on wheat was a yellow-pigmented, gram-negative
bacillus which they designated Bacterium herbicola aureum. Gram-negative,
yellow-pigmented rods were also the most abundant bacterial forms on wheat
in our studies, but in accordance with descriptions given in Bergey’s Manual
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(21), they were identified as members of the genus F lavobacterium. Also in
abundance on wheat was a yellow-pigmented, fluorescent strain of Pseudo-
monas, similar to that described by James et al. (11) as being one of the two
chief species of bacteria present on wheats they examined in Canada.

Somewhat surprising was the finding that, in flour, the incidence of
Paracolobactrum was higher than that of either Flavobacterium or Pseudo-
monas. Greater susceptibility of these two genera to the rigors of milling pro-
cedures, especially to the action of bleaching and maturing agents, may ex-
plain the apparent shift in the predominant species in flour. Another possible
explanation is that species of Paracolobactrum are able to survive for longer
periods of time in stored flour, so that even if Flavobacterium and Pseudo-
monas species predominated initially in the flour, Paracolobactrum would
gradually gain ascendancy. Growth of certain microorganisms during the
tempering and milling stages could, in some instances, account for such a
shift within the microbial population. In winter, for example, the condensate
from sweating pipes, boots, and other mill machinery may provide enough
moisture for the growth of some bacteria within the milling system itself.
The organism(s) that can grow readily under these conditions may then con-
taminate the flour stream and change the percentage of types found in the
finished flour. With this condition, the flour may also be seeded with an or-
ganism not found in the parent wheat.

The relation of wheat and flour microfloras to geography is of interest,
and it is anticipated that as the survey progresses, the effect of prevailing
climatic conditions in the different regions on microfloral patterns will be-
come evident.
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