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ABSTRACT 
The air quality in dairy and meat processing plants often goes neglected, yet they exert a great influence over the shelf 
life and quality of final product. The present study was designed to analyze the microbiological quality of air in 
institutional meat and dairy processing plants of Madras Veterinary College. The air sampling was done using impaction 
technique for meat plant in slaughter hall, processing room, chilling room and further processing room. Similarly, for 
dairy plant it was done in the milk reception area, pasteurization unit and packaging rooms. The enumeration of aerobic 
count,psychrophilic count, yeast and mold count and occurrence of Staphylococcus aureus in slaughter house and dairy 
plant was carried using air sampler (impaction method). On analysis the microbial counts of slaughter house revealed 
that, slaughter hall has significantly high number of aerobic count followed by processing room, further processing 
rooms and chilling room. Yeast and mold count was significantly more in slaughter hall. In dairy plant, reception area 
has shown significantly high aerobic count and yeast and mold count was significantly low in the pasteurization area 
compared to reception and packaging area. There was no significant difference in the psychrophilic counts among the 
different sections of slaughter house and dairy plant units. The occurrence of Staphylococcus aureus was observed in 
slaughter hall, processing and further processing section of slaughter house and only in reception section of dairy plant. 
The results of air microbes obtained in the present study for all the sections of slaughter house and dairy plant by air 
sampler technique were well within the recommendations given by APHA for food processing plants. With respect to 
dairy and meat processing industry this study on bio-aerosols mainly helps us to implement the clean room practices for 
good manufacturing practices. 
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INTRODUCTION 
The quality of air isoften neglected factor in dairy and meat industry processing which contributes to the 
quality of the final product. The air is an agglomeration of physical, chemical and microbial components 
which affect the quality of air in processing plants. Indoor microbial air quality depends on several 
factors, such as ambient air, soil, human activity, microclimatic factors, geographic location, hygienic 
practices and ventilation type [1].Bio-aerosols are particles of biological origin suspended in the air, e.g. 
bacteria, fungi, virus, toxins and plant debris [2].The size of aerosols varies between 0.02 to 100 μm in 
diameter [3]. These microorganisms could affect air quality, ecosystem and human health [4]. They have 
potential of spreading airborne infectious, spoilage and pathogenic microbial agents through droplets and 
bio-aerosols [5,6].   
The demand for safe meat and dairy products with extended shelf life have been put increased 
importance on the microbial quality of air in processing environments. The potential transfer of microbes 
through air can affect the quality and food safety objective. Contaminated air is often involved in 
reduction of shelf life and may serve as vehicle for transmitting spoilage and pathogenic organisms [7]. 
Contamination of meat and dairy products by microorganisms is a major public health and economic 
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problem for the industry [8]. In meat industry, unscientific slaughter process can lead to microbial 
contamination of carcass by hide or gastrointestinal tract of the animal or from the slaughter plant 
environment, including facilities and personnel. Few studies have shown the involvement of air and 
slaughter hall practices leading to contamination of carcass[9], beef carcass[10], poultry plants [11] and 
pork processing [12]. Air quality in the reception, processing and packaging area is the critical control 
points in production of good quality meat and dairy products and should be monitored on a regular basis. 
Few studies have shown the characteristics of air in dairy plant [13]. Every precaution should be taken to 
prevent airborne contamination of the product during and after processing [14, 15].  
Air sampling in food manufacturing environments can be undertaken for three main reasons. Firstly, 
during process development, it is useful to record the number of microorganisms in the air throughout 
the production day to establish whether events occur that lead to high microbial counts. Secondly, when a 
process has been established, the contribution of the air in terms of microbial cross-contamination to the 
product can be determined. This may have an effect on determining any additional controls necessary, 
particularly if the contribution is significant compared to other cross contamination vectors (food contact 
surfaces, operative’s hands, etc.). Thirdly, air sampling can be used to verify the performance of specific 
prerequisites designed to control airborne microbial levels, such as air filtration systems or assess the 
ongoing risk of potential microbial aerosol sources such as evaporative condensers. There are various 
techniques are available for determining the number of microorganisms present in the air of food 
processing environment[16,17]. Microorganisms retain their virulence in the air, thus it is necessary to 
control air contamination in food production areas in order to facilitate detection and elimination of 
potential health hazards resulting from their presence [18]. There are several techniques for estimation 
of microbial load of air, among those impaction technique is better to recover higher number of microbes 
in air at faster rate and more sensitive compared to settling plate method. But initial cost is more 
compared to other technique This technique is classified as method B by American Public Health 
Association(APHA)[19]. The aim of present study was to assess the air microbial quality of selected 
production facilities/sections of a meat and milk processing plants by impaction method using air 
sampler. 
 
MATERIALS AND METHOD  
Study Design 
The evaluation of air for presence of microorganisms in meat and dairy plants ofMadras Veterinary 
College, Chennai was carried out using impaction technique using air sampler during December-March, 
2017. The sampling for meat plant was as follows slaughter hall, processing room, chilling room and 
further processing room were evaluated separately in triplicates during a working hour of the plant. 
Similarly, for dairy plant milk reception area, pasteurization unit and packaging rooms were evaluated 
separately in triplicates during a working hour of the plant. The enumeration of total viable bacterial 
count (aerobic and psychrophilic), yeast and mold count and the occurrence of Staphylococcus aureus 
were studied according to APHA[14].  
Air Sampling 
Air sampler system used for evaluation of the microbial quality of different study environment. Air 
sample was collected using HiMedia. No LA002air sampler system, which works based on the principle of 
Centrifugal impaction (Maximum sample volume is 2520 liters and flow rate air is 280 lit/min). The air 
sampler’s cup was sterilized at 121 °C for 15 minutes, sanitized with 70 % ethyl alcohol, before and after 
each sampling.  
Sterile plastic air sampler strips were aseptically filled with sterile molten respective agar medium and 
same strips were used for air sampling after solidification. For air sampling one such strip was carefully 
inserted into the slot in the metal cup without touching the agar surface of the strip. After loading the 
strip, the timer of the control box set for 3 minutes. After collecting the sample, the strips were placed 
back into the wrappers and incubated. The sampling was in duplicate for aerobic, psychrophilic, yeast and 
mold counts and consisted of 1 cubic meter of air per sampling.  
Air Microbiology 
The Plate count agar (HiMedia,India) was used for aerobic and psychrophilic counts,sabrouds dextrose 
agar (HiMedia,India)was used for yeast and mold count; whereas for detection Staphylococcus 
aureus,standard cultural method followed by biochemical and molecular confirmation was carried. The 
experiment was conducted with a threefold repetition for each microbiological parameter. After air 
sampling strips were kept back in their respective wrappers and incubated at 37 °C for 48 hours for 
determination ofaerobic /TVC(Total Viable Count) and 8°C for 48hours for determination of 
psychrophilic count. For, yeast and mold count incubation was at 25 °C for 5 days. The level of bacterial 
load in air per cubic meter was calculated by using the following formula[20] 
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cfu/m3 
Where, B is Bacterial load 
N is the number of colonies counted on the sample plate, 
T is the duration of test in minute, 
R is the air sampling rate in liters/minute, 
cfu- colony forming units. 
Identification of Staphylococcus aureus  
The Air sampler strips with plate count agar after sampling were transferred to brain heart infusion (BHI) 
(HiMedia, India) broth and incubated at 37°C for 24hours.Selective plating was carried with a loop full of 
broth on Mannitol salt agar (HiMedia, India) and incubated at 37°C for 24 hours based on morphological 
characteristics and further confirmation was done by biochemical tests according to Bacteriological 
Analytical Manual[21]. The molecular confirmation was done using polymerase chain reaction (PCR) 
assay with primers for organism specific thermonuclease (nucA) gene as described by Brakstad[22] with 
slight modification. DNA was extracted from 2-3 suspected colonies employing hot boiling and snap chill 
techniques as described by Zahrei and coworkers [23]. The nucleotide sequences of the forward and 
reverse primers were 5'- GCGATTGATGGTGATACGGTT -3' and 5'- AGCCAAGCCTTGACGAACTAAAGC -3', 
respectively with amplicon size of 267bp.PCR amplification were initial 94°C denaturation step for 5min 
followed by 30 cycles, with each cycle consisting of 30s at 94°C for denaturation, 30s at 55 °C for primer 
annealing, 30s at 72°C for strand elongation and the final cycle at 72°C for 5 min. The PCR products were 
electrophoresed on 1.5% agarose gel pre-stained with ethidium bromide (0.5ug/mL) and viewed under 
UV light using a UV trans illuminator with the DNA bands sized by extrapolation based on mobility of 100 
bp DNA markers co-electrophoresed. 
Statistical analysis 
The samples were collected and analyzed on three separate occasions. The data were subjected to one-
way analysis of variance as per Snedecor and Cochran[24] and Tukey's multiple range test using SPSS 
(SPSS version 20.0 for windows; SPSS Inc., Chicago, IL) for comparing the air microbial load means to find 
significant (P < 0.05) differences among the different sections of meat and milk processing plants. 
 
RESULT AND DISCUSSION  
Meat and milk products are not only highly nutritious foods of animal origin but also good medium for 
microbial multiplication and source of food borne pathogens. In the production process, farm to fork 
involves many critical points, in which the most neglected critical point is atmospheric air of the 
manufacturing facility. Microbial contamination results in spoilage of meat, reduced shelf life of meat and 
public health hazards. It is generally accepted that microbial loads on surfaces and equipment vary in 
different food plants depending on the microbial quality of the raw material and plan of processing 
plant[25]. 
In the present study, air sampling and analysis was done for different sections of meat and dairy 
institutional demonstration plants. The enumeration of aerobic count, psychrophilic count, yeast and 
mold count and occurrence of Staphylococcus aureus in slaughter house and dairy plant was carried using 
air sampler strip (Figure 1).The results of the microbial analyses concerning aerobic count, psychrophilic 
count, yeast and mold counts by the impaction method are presented in Table 1.The PCR gel image of 
Staphylococcus aureus confirmed (Figure 2). The aerobic count, psychrophilic count, yeast and mold 
counts were highest in slaughter hall of meat plant and reception area of dairy plant. The lowest microbial 
counts at meat plant were observed for aerobic count, psychrophilic count, yeast and mold counts in 
chilling room, processing room and further processing room, respectively. Similarly, lowest counts for 
dairy plant observed in packaging section for TVC and psychrophilic count but pasteurization unit for 
yeast and molds count respectively. On statistical analysis of microbial counts of slaughter house revealed 
that, slaughter hall has significantly high number of aerobic count followed by processing room, further 
processing rooms and Chilling room. Yeast and mold count was significantly more in slaughter hall and 
there was no significant difference among the Processing, Chilling and Further processing sections. 
Among the three section examined in dairy plant, reception area has shown significantly high aerobic 
count and there was no significant difference among the pasteurization and packaging sections. The yeast 
and mold count was significantly low in the pasteurization area compared to reception and packaging 
area. There was no significant difference in the psychrophilic counts among the difference sections of 
slaughter house and dairy plant units. Air microbial contamination varied and depended on the sampling 
site, the time of sample collection and the methodology used to assess the contamination level [26]. 
The skin and internal organs of slaughtered animals has been the important source of air borne bacteria 
in slaughter houses [27]. The reception of milk and personnel involvement increases the bacterial load. 
The realization claim that bio-aerosols transport bacteria contributes to the further contamination of 
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dairy and meat products. And, various practices involved in carcass dressing and slaughter lead to 
formation of aerosols have potential to spread the infectious or spoilage organism [28, 29].The mean total 
plate count of different slaughter houses and mutton stalls at different locations in Bangalore city was 
found to be 45 cfu (colony forming unit) for procurement area and 134.5 cfufor degutting area with 
sedimentation technique of air sampling[30](Ahmed and Sarangi, 2013). Similarly, in dairy plant 
Salustianoand co-workers[19] reported, aerobic bacteria to be 313cfu/m3 for milk reception, 161cfu/m3 
for pasteurization section and 100cfu/m3 for milk packaging unit with impaction technique of air 
sampling. In another study by Radha and Lakshmi [31] atUniversity dairy plant of Kerala Veterinary and 
Animal Sciences University found that mean total aerobic counts to be 32.66 cfu/m2, 25.32 cfu/m2 and 
33.36 cfu/m2 for raw milk reception dock, pasteurization room and product preparation room, 
respectively. Salustiano et al.[19] reported yeast and mold count in dairy plant by was found to be 111 
cfu/m3for milk reception area, 176 cfu/m3 for pasteurization section and 184.4 cfu/m3 for milk packaging 
unit with impaction technique of air sampling. The APHA recommendation of aerobic count and yeast and 
mold count to be less than 100 cfu/m3. In addition to APHA others proposed recommendation are 
according to Kang and Frank [7] maximum levels of mesophilic aerobic bacteria of air could be 180-360 
cfu/m3 and yeast and molds could be 70-430 cfu/m3 for in milk processing plants. According to 
Krzysztofik [32], the permissible level of aerobic count of air in meat industry should be less than 500 
cfu/m3 by settle plate technique. The results of aerobic, psychrophilic, yeast and molds counts obtained in 
the present study for all the sections of slaughter house and dairy plant by air sampler technique were 
well within the recommendations given by APHA for food processing plants.The results obtained in the 
present study were in complete agreement with the results reported by other workers[19,33,34]. 
The occurrence of Staphylococcus aureus was observed in slaughter hall, processing and further 
processing sections of slaughter house and only in the reception section of dairy plant, which may be 
attributed to the higher personnel activity in these areas of processing plants. Salustiano et al.[19] 
reported 1-4.3 cfu/m3 of Staphylococcus aureus count in the milk packaging room. Radha and Lakshmi 
[31] observed significantly high staphylococcus count in product preparation room than raw milk 
reception dock and pasteurization room. Even regular activities of working personnel like speaking, 
breathing, sneezing and coughing were also the major reason for aerosol production in a processing plant 
along with that water spraying system and drains contribute for aerosol production interns associated 
with the significant increase in Staphylococcal count, this validates the importance of controlling airborne 
contamination in the meat and milk processing plants [31,35, 36]. 
 
 
Table 1: Enumeration of aerobic count, psychrophilic count, yeast and mold count and occurrence 

of S. aureus in air samples analyzed in different section of meat and dairy plant. 
Study area Aerobic  count 

(TVC) 
Psychrophilic 

count 
Yeasts and 

molds count 
Occurrence of 

S. aureus 
Slaughter House 

Slaughter hall, 56.67±2.60a 2.67±1.40a 32.00±2.50a + 
Processing room 35.67±1.45b 1.33±0.88a 14.33±2.33b + 
Chilling room 16.00±2.64c 1.67±0.88a 13.33±0.88b - 
Further processing 27.67±2.02d 1.67±0.88a 9.33±2.33b + 

Dairy Plant 
Reception 58.33±4.91a 2.67±0.33a 38.67±2.72a + 
Pasteurization section 27.67±2.40b 2.33±0.33a 16.67±2.03b - 
Packaging section 21.0±01.73b 1.67±0.33a 28.00±2.51a - 

Note: Superscript (a,b) indicates significance difference for the corresponding parameter 
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Figure 1: Pictorial representation of air sampler strip after incubation:  
(A) Aerobic count (TVC), (B) psychrophilic count, (C) Yeast and mold count. 

 
Figure 2: PCR pictorials representation of Staphylococcus aureus with product size of 267bp (L: 

ladder, 1-4: samples, NC: negative control, PC: positive control) 
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CONCLUSION  
It is revealed that, the results of aerobic, psychrophilic, yeast and molds counts obtained in the present 
study for all the sections of slaughter house and dairy plant by air sampler technique were well within the 
recommendations given by APHA for food processing plants. Further, the occurrence of Staphylococcus 
aureus in meat and dairy plant, may be attributed to higher personnel activity in theareas examined.In 
this regard, it is important to practice effective personal and air hygiene to prevent possible adverse 
human health. An investigation on air quality in dairy and meat processing plants for institutional 
demonstration setup helps us to understand the scientific design and importance of hygienic practices 
employed. 
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