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SUMMARY 

This project sought to investigate the air as a potential source of microbiological 
contamination to food products. Its aims were to investigate whether food factory 
environments' airborne microbial levels differed and whether such differences could be 

attributed to the type of product manufactured andlor the processes and control measures 
adopted. An analysis of the bacterial flora sampled was also undertaken. Whilst not a 
statistically structured survey, the 39 factories sampled, containing over 100 different 
processing areas, provided a reasonable overview of the UK food industry. 

The results suggested major differences between factories with a mean range of 1-500 

microorganisms/60L of air. The product processed was significant in determining airborne 
microbial levels, especially if the product was soil based e.g. vegetables, such that a 
contaminated product gave rise to contaminated air. Cleaning was identified as the 
process most likely to generate microbial aerosols and the potential for 
cross-contamination between dirty and cleaned surf aces or food product should be 
considered. The overall levels of airborne microorganisms in chilled food factories having 
low and high risk production areas was low, although little difference was observed 
between high and low risk areas. . . .  

The two air samplers used in the study, a surface Air System (SAS) (Cherwell 
Laboratories, Bicester) and an RCS sampler (Biotest Ltd., Solihull) gave comparable 
results, though their sampling efficiencies were low. The significance of the general risk 
imposed by airborne microorganisms is unclear but the results showed that the air could 
contain a large reservoir of microorganisms. The air should be considered, therefore, as a 
potential source of contamination in factory HACCP studies. 
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INTRODUCTION 

Demand for higher standards of food safety and hygiene is increasing for a number of 
reasons. Recently, stringent new legislation has been issued, e.g. the product specific and 
general hygiene directives in Europe and the Food Safety Act 1990 in the UK. The latter 
includes the introduction of a 'due diligence' defence which has encouraged the food 
industry to examine its practices to be certain that all due precautions are taken to ensure 
product safety. The trend towards short shelf-life, "high risk chilled foods demands 
extreme care during post process production to prevent contamination from 
environmental routes. Economic pressures mean that food companies are moving to 
increased scale of production and longer production periods between sanitation 
programmes, both of which require improved hygiene standards. Food safety issues have 
also become more high profile in the media and the resulting increase in consumer 

awareness has encouraged manufacturers to produce high quality, safe food or risk 
significant reduction in sales and reputation due to adverse publicity. As a consequence of 

this need for safer food production, environmental routes of product contamination are 
receiving increased attention within the food industry. 

The three principle sources of microbiological contamination of product from the 
processing environment are product contact surfaces, the air and people or pests. 

The air can contain microbial contamination from sources both external to and within the 
processing area. From outside the factory, microorganisms in the air may originate from 
agricultural operations in rural environments, or from neighbouring factories if situated 
in an industrial area. Effluent treatment plants near to the factory may also be a source 
of airborne microorganisms. There are many potential sources of airborne 
microorganisms from within the production area. The airborne microflora can enter the 
factory through open doors and windows or via the ventilation system. Raw materials, 
such as dry spices or animal hides and fleeces, contain microorganisms which can enter 
the air during processing. In addition, factory personnel shed skin particles, some of 
which will have bacteria attached to them. The importance of air quality has been 
recognised by the Chilled Food Association in their recently published Class A (High Risk) 
Area Best Practice Guidelines (1995). 

Drains are wet environments which contain nutrients which may permit microbial 
growth. It was shown by Heldman et al. (1965) that flooding caused aerosolisation of 
bacteria to levels of 175 per two cubic feet in isolated spaces above drains. Bacteria on 
surfaces may by picked up and transported around the production area by air flows, 
particularly during the use of compressed air for cleaning of equipment. Other cleaning 
systems are also capable of aerosolising bacteria from floors. Holah et al. (1990) reported 



that all cleaning techniques examined created viable aerosols when biofilms of bacteria 
were cleaned from floor tiles. The three dimensional spread of water droplets during 
these cleaning operations was also monitored. It was found that a high pressure/low 
volume spray lance and a low pressurelhigh volume hose dispersed water droplets to 
heights in excess of 2 metres and to distances of at least 5 metres from point of impact 

with the floor. 

Apart from in dairies, the levels of airborne microorganisms in food factory 
environments are not well documented. The findings of some previous studies are 
discussed below. 

In a study by Kang and Frank (1989b), levels of airborne microorganisms in a dairy plant 

were measured using a membrane filter, a Biotest Reuter Centrifugal Sampler (RCS), an 
Andersen 6-stage sieve sampler and an All Glass Impinger-30 (AGI-30). The range of 
values for mean 1-u per 100 litres of air measured with each sampler respectively 
were 1.11-1.75, 1.53-1.98, 1.55-2.07 and 1.59-2.35. In each case the highest values were 
obtained in the milk processing area and the lowest during non-production times in an ice 
cream processing area. In a separate publication by these authors (1989~) the percentage 
distributions of bacterial types sampled from these production areas using the RCS and 
Andersen 6-stage sieve samples were reported. Distributions varied with location, trial, 
and sample type. In the milk processing area, Gram positive organisms were the 
predominant type with cocci most frequently observed in 3 out of 4 cases. Gram positive 
organisms were again most common in 3 out of 4 cases in the ice cream processing area. 

In a review of studies of levels of microorganisms in the air of dairy plants (Kang and 
Frank, 1989a), mean cfu per m3 of air for a number of different production area types 
using various air samplers are summarised. For example, in cottage cheese areas mean 
bacterial levels ranged from 109-3037 cfu/m3 and yeast levels ranged from 7-2361 cfu/m3. 
In butter areas, the levels were 102-5902, and 7-1951 cfu/m3 respectively. 

Genera of organisms frequently isolated from dairy plant air include Pseudomonas, 

Staphylococcus, Kle bsiel la, Serratia, Micrococcus, Fusarium, Sarcina, Rhizopus, 

Penicil lium, Saccharom yces, Candida, Rhodotorula and Kl uyverom yces (Rossmoore et  al., 

1988). A study by Cannon (1966) using an Andersen sampler in ten US fluid milk plants 
found the percentage distribution of microorganisms to be 30% moulds, 20% micrococci, 
17% Gram negative rods, 15% bacilli, 11% corynebacteria, 1% coliforms and 2% others. 

Examples of studies in non-dairy plants include work by Beaucourt et  al. (1977) where 
mean levels of 4-7 cfu per 10 litres of air in meat plants were observed. In addition, a 
mean level of 1 organism per 10 litres of air was found in a fruit juice plant. 



This study contains the results of a survey of the microbiological air quality of a number 
of UK food factories and catering establishments. Factories were chosen to encompass a 
wide spectrum of product and processing types over a large geographical area. It must be 
emphasised that this was not a structured survey of the food and catering industries but 
rather a selection of establishments that were willing to allow site access. 

METHODS 

Air samples were taken using a Surface Air System (SAS) impaction air sampler (Cherwell 
Laboratories). The sampler draws air through a sieve plate at a preset flow rate. The air 
travels across the convex surface of a 55mm agar 'Rodac' plate (Sterilin) containing either 
nutrient agar (Oxoid CM3) for Total Viable Counts (TVC) or Malt Extract Agar (Oxoid 
CM59) for counts of yeast and moulds. The sampling time used was 20 sec to give a 
sample volume of 60 litres. The air sample plates were incubated at 30°C for 48 hours. 

The SAS sampler was chosen for the factory surveys because of its ease of use and 
because it did not contain glass components which would not be allowed in a factory 
environment. The 'Rodac' plates were also suitable for contact plate studies of floors and 
surfaces if required. 

Owing to the design of the sampler, wherevat high aerosol concentrations, a number-of 
microorganisms may pass through a single sieve plate hole to produce apparently a single 
colony on the agar plate, the following positive hole correction formula was used: 

P = probable statistical total 
n = number of holes in the sampling head ie 219 

r = number of colony forming units counted 

Using the formula, a maximum colony count of 219 resulted in a probable statistical total 
of 1307. 

Air samples were taken repeatedly at a number of sites throughout the production 
environment at various times during the day from pre-production to post-production 
cleaning where feasible. In addition, samples of air surrounding the factory were taken. 



Air sample plates from a number of factories were examined and frequently occurring 

colony types at each factory site were selected. These colonies were subcultured and 
identified using a Vitek P60 Automicrobic System (BioMerieux Vitek, Inc.) according to 
the manufacturer's standard protocol. The -database of microorganisms in the Vitek 
system was primarily 'medical' in origin. It was recognised that this would restrict the 
chance of successful identification of microorganisms from 'environmental' origins i.e. 
food factories. Whilst this limitation was felt to be acceptable for bacteria, it was 

considered unacceptable for yeasts and moulds. Only bacterial colonies, therefore, were 
identified using this system. 

RESULTS AND DISCUSSION 

This study contains the results of a survey of the microbiological air quality of 39 food 
factories and catering establishments. The number of different production areas within 

these factories totalled approximately 100 and over 3500 nutrient agar and 3100 malt 
extract agar samples were taken. To our knowledge, this forms the largest survey of this 
nature that has been published. 

Initial analysis of the results by taking histograms of counts indicated that a normal 
distribution of counts was not apparent. This was improved by taking logarithms and all 
data was subsequently logarithmically transformed. Counts of zero were set to a value of 
0.2 to enable logs to be taken. 

The raw log mean and standard deviation, number of counts taken and antilog mean for 
each of the 37 food factories is shown in Table 1. In all cases and in all further Tables, 
counts are mean levels of microorganisms in 60L of air. The results were assessed using 
Analysis of Variance (ANOVA) to investigate differences between factory sites and 
probabilities generated for TVC (p = <0.001) and yeasts and moulds (p = <0.001) clearly 
indicate a significant difference in airborne counts between factories. 

The mean TVC level ranged between 1.7 and 486160L whilst the mean level of yeasts and 
moulds ranged between 0.7 and 169160L. The mean level of TVC for all factories was 
17.8160L (297/m3) whilst the mean level of yeasts and moulds was 4.0160L (66.8/m3). 
Factory means based on the antilogarithms of log means will be lower than arithmetic (or 
true) means as, effectively, high counts will be 'downweighted' if logs are taken. For 
these results, however, log-transformed data has better statistical properties for the 
following statistical analyses. 
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TABLE 1 

FACTORY RAW MEANS 

n, number of samples 

log%, log, of mean value 
log std, log, standard deviation 

2, mean value (cfuI601 air) 

Factory 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

n 

126 
132 
129 
125 
86 
63 

150 
98 

130 
182 
34 

156 
89 

104 
103 
91 

106 
116 
107 
100 
115 
87 

139 
49 

104 
124 
82 

153 
123 
82 
75 
11 
15 
13 
11 
22 

102 

n 

117 
93 
92 
70 
86 
68 
83 
93 

132 
96 
17 

130 
89 
99 
99 
91 

109 
144 
103 
100 
109 
88 

110 
46 

100 
126 
83 

151 
129 
80 
76 
11 
15 
13 
9 

22 
98 

Total Viable 

log% 

0.709 
1.1111 
1.115 
1.094 
1.527 
1.872 
0.985 
1.171 
0.619 
1.316 
1.413 
1.062 
2.409 
1.183 
1.257 
2.370 
1.251 
1.072 
0.956 
1.321 
1.151 
1.518 
0.684 
1.267 
1.320 
1.248 
1.461 
1.599 
1.597 
2.687 
2.318 
0.681 
0.400 
0.366 
1.213 
0.689 
0.220 

YeastIMould 

log% 

0.153 
0.282 
0.627 
0.222 
1.092 
0.570 
0.526 
0.383 

-0.0157 
0.754 
0.610 
0.583 
1.801 
0.636 
0.637 
1.356 
0.791 

-0.103 
0.624 
0.544 
0.156 
0.839 
0.276 
0.916 
0.490 
0.479 
0.937 
0.777 
0.945 
2.070 
2.228 
0.098 

-0.151 
-0.063 
0.622 

-0.066 
-0.169 

CountI6OL 

log std 

0.0638 
0.0623 
0.0631 
0.0641 
0.0772 
0.0902 
0.0585 
0.0724 
0.0628 
0.0531 
0.1228 
0.0574 
0.3759 
0.0702 
0.0706 
0.0751 
0.0696 
0.0665 
0.0692 
0.0716 
0.0668 
0.0768 
0.0608 
0.1023 
0.0702 
0.0643 
0.0791 
0.0579 
0.0646 
0.0791 
0.0827 
0.2160 
0.1849 
0.1987 
0.2160 
0.1527 
0.0709 

- 
x 

5.1 
12.9 
13.0 
12.4 
33.7 
74.5 
9.7 

14.8 
4.1 

20.7 
25.9 
11.5 

256.5 
15.2 
18.1 

234.2 
17.8 
11.8 
9.0 

20.9 
14.1 
33.0 
4.8 

18.5 
20.9 
17.7 
28.9 
39.7 
39.6 

486.2 
207.9 

4.8 
2.5 
2.3 

16.3 
4.9 
1.7 

CountIGOL 

log std 

0.0699 
0.0784 
0.0789 
0.090 
0.0816 
0.0917 
0.0830 
0.0784 
0.0658 
0.0772 
0.183 
0.0663 
0.0802 
0.0760 
0.0760 
0.0793 
0.0725 
0.063 
0.0745 
0.0757 
0.0725 
0.0806 
0.0721 
0.115 
0.0757 
0.0674 
0.0830 
0.0616 
0.0666 
0.0846 
0.0867 
0.2281 
0.1953 
0.2098 
0.2521 
0.1613 
0.0764 

- 
x 

1.4 
1.9 
4.2 
1.7 

12.4 
3.7 
3.4 
2.4 
1.0 
5.7 
4.1 
3.8 

63.3 
4.3 
4.3 

22.7 
6.2 
0.8 
4.2 
3.5 
1.4 
6.9 
1.7 
8.2 
3.1 
3.0 
8.7 
6.0 
8.8 

l17.4 
169.0 

1.2 
0.7 
0.9 
4.1 
0.9 
0.7 



To ascertain whether the distribution of the microbial types was similar within factories, 

the total viable counts were plotted against the yeast and mould counts (TVC vs MEA) as 
shown in Figure 1. The data in Figure 1 indicates that there is a good correlation between 
TVC and MEA counts with few points lying outside the regression line. Whilst there is a 
shift in the regression line towards the x axis, indicating as in Table 1 that TVC counts are 
higher in factories than yeast and mould counts, it would appear that there is a 
relationship within factories such that as TVC counts increase, there is a corresponding 
increase in yeast and mould counts. There is little evidence to suggest that at the factory 
level, any particular type of microorganism is dominant. 

To investigate whether the differences in airborne count between factories were due to 
the products processed at each site, counts were divided into product related categories. 
The number of counts taken, raw log mean and standard deviation, and antilog mean for 
each product are shown in Table 2. In addition, the number of factories in which that 
product was processed is also shown. The data in Table 2 is generic such that 'vegetables* 
refers to the handling of vegetables in all factory types where it is used as an ingredient 
rather than air samples taken in vegetable processing plants only. The data in the Table 

is structured from the highest to the lowest product count based on TVC count results. 
The results were assessed using ANOVA to investigate differences between products 
processed, and probabilities generated for TVC (p = <0.001) and yeasts and moulds (p = 

~0.001) clearly indicate a significant difference in airborne counts for the various 
products processed. 

From Table 2 it can be seen that the air of fish processing areas contained the highest 

mean levels of microorganisms observed, though the results may be misleading with only 
a small number of samples in one factory being recorded. The results for vegetable 
processing and canning stand out as being substantially higher than for the other product 
types. For vegetables, this is probably related to their soil bound origins and microbial 
loading of the raw materials can be high, for example potatoes range from 7.5 x lo4 - 2.8 x 
lo7 per gram (Vaughn, 1951) and peas range from 2.2 x lo5 - 3.0 x lo7 per gram 
(Splittstoesser et al., 1961). In addition, processes which occur in these product areas. 
especially freezing and cleaning, can cause high aerosol levels (Table 3). The reason for 
high counts in the canning factories visited is unclear, though in 3 of the 5 canneries 
vegetables were included in the products and all 5 canneries had humid environments 
which may enhance airborne microbial survival. 


































