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Evaluation of the performance of different cleaning treatments in reducing 1 microbial contamination of poultry transport crates 2 3 4
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The present systems for cleaning the plastic crates (drawers) used to 22 transport live poultry to the processing plant are known to be inadequate for removing 23 microbial contamination. 24 2. To investigate possible improvements, a mobile experimental rig was constructed 25 and operated in the lairage of a poultry processing plant. The cleaning rig could 26 simulate the conditions of commercial cleaning systems and utilise freshly-emptied 27 crates from the processing plant.

To simulate mechanical brushing, a cylindrical nylon brush attached to an electric 106 drill was applied manually over the entire surface of the crate base; an operation 107 taking 30 to 90 s. Before each re-use, the brush was thoroughly cleaned.

108

Steam treatment 109

Steam was generated from a unit that included a 1.5 kW boiler, an applicator pipe and 110 a hood (100 mm x 75 mm). The interior of the crate was treated for 2 min in total, 111 during which 90 g of steam was applied. respectively, relative to those obtained for the uncleaned control crates.
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In general, most of the treatments had only a relatively small effect (< 2 log 10 215 units) in reducing crate contamination and, in some cases, the mean counts were and8). For all 5, the Campylobacter reductions were highly significant (P <0.001) et al., 1999).

265

From the practical viewpoint, complete sterilisation of the crates is not a 266 feasible objective and a reduction of at least 4 log 10 units in microbial contamination 267 was considered to be an acceptable target. To achieve this, however, crates would controlling some diseases that are of economic concern to the Industry. However, 303 total elimination of pathogens on crates may not be possible and it is unclear if such a 304 reduction will be effective in controlling a particular hazard. 

  in which live poultry are commonly transported from the farm to of jets linked to a compressed air supply. This produced an effect close 103

112

  Ultra-violet (UV) treatment 113The crate was exposed to a set of four 20 W ultraviolet lamps (Uvitec, Cambridge, 114 UK) located in the hood of the main rig, approximately 0.5 m above the crate base.

115

  The exposure time to UVC at 254nm was 1 min.116Use of ultrasound117 An ultrasonic generator (Production Line Cleaning (PLC) Ltd, Diss, Norfolk, UK) 118 was used to provide 4 kW of energy within a separate 700 l stainless steel tank 119 containing water at 45 o or 60 o C to which 2% (v/v) of a surfactant (CB 10: Access 120 Chemicals Ltd, Wellingborough, Northants, UK) had been added. Each crate was 121 treated for either 3 or 6 min. 122 Measurement of microbial load on crates 123 Two different methods were used as follows. 124 Swab method 125 Four large cotton-wool swabs with wooden shafts (MW 104J, Medical Wire, 126 Corsham, Wilts, UK) were moistened with Maximum Recovery Diluent (MRD, Oxoid, Basingstoke, Hants, UK) and each was used to sample one 128 quarter of the interior base-area of the crate. Swabbing was carried out in 129 horizontal, vertical and diagonal directions, and all 4 swabs were pooled in 10 130 ml of MRD. 131 Sponge method 132 Using aseptic precautions, a sterile sponge of 103 x 185 x 5.8 mm (cat. No. 95000087, 133 Spongyl 87, Spontex Professionel, Neuilly-Sur-Seine, France) was wetted with a 134 small amount of liquid from 100 ml of MRD and transferred to a sterile plastic bag. 135 When required, the sponge was removed and used to swab the interior base of the 136 crate in horizontal, vertical and diagonal directions from bottom left to top right. The 137 sponge was then returned to the bag and the remainder of the MRD added. Using 138 both hands, the bag was squeezed 60 times to release microbial cells into the diluent. 139 Finally, the sponge was wrung out aseptically by hand and the resultant suspension 140 transferred to a 100 ml screw-capped container. For both sampling methods, samples 141 were transported to the laboratory in a cool box held at around 1 o C using ice packs 142 and were examined within 12 h.
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  Figure 3 a, b and c for APC, Enterobacteriaceae and Campylobacter, respectively.

268

  need to be as clean as possible before the application of a disinfectant, since any 269 residual soiling would be expected to neutralise the applied chemical and thus reduce 270 treatment efficacy, as indicated by Corry et al. (2002) and Slader et al. (2002) from 271 observations on commercial practices, and borne out in the present study. Thus, the 272 treatments studied here have included a number of measures aimed at facilitating the 273 removal of organic debris from the crates. Of these, only mechanical brushing and 274 ultrasonic treatment would require any significant technological changes in the 275 cleaning process. Although the application of ultrasound was aimed primarily at 276 loosening attached debris, it appeared to have a synergistic effect with heat in killing a microbes present and would merit further investigation, in the 278 context of crate cleaning. 279 The most effective treatments studied here differed from that recommended by 280 Ramesh et al. (2003), in which transport containers with galvanised frames and 281 fibreglass floors were immersed for 2 min in 1000 mg/l of sodium hypochlorite at 282 70 o C. This combination was found to eliminate coliform bacteria and Salmonella, 283 when containers were treated in a prototype cleaning system, but it is likely to be less 284 effective when part of the wash water is recycled, due to the build-up of organic 285 matter and the large amounts of chemical. Partial recycling of wash water is a 286 common practice in the United Kingdom and chlorine would be readily inactivated 287 under such conditions. Furthermore, soaking at 70 o C would be too severe for the 288 plastic material used in conventional UK crate manufacture -thermosetting plastic 289 which is moulded with a multitude of ridges on a grid framework to provide sufficient 290 reinforcing. 291 It is clearly possible to modify the existing cleaning process to reduce 292 microbial contamination of the crates and the performance of options studied here 293 would appear to compare favourably with suggestions, such as the use of disposable 294 crate liners (Slader et al., 2002) and drying of cleaned crates before re-cycling them to 295 eliminate Campylobacter (Berrang and Northcutt, 2005), both of which are likely to 296be costly. Not only would the latter require additional space at the plant for drying, 297 but also investment in additional new crates to compensate for the delay in supplying 298 those needed for immediate re-use(Burton et al., 2004).299Whatever the most effective changes to the system, a successful means of 300 reducing microbial contamination of transport crates could contribute significantly to 301 overall hygiene control in poultrymeat production and may also play a part in

  Figure 1.The test rig set up on a trailer to enable periodic use in the lairage/crate washing areas of the processing plant.

Figure 2 .

 2 Figure 2. Schematic diagram of the test rig, showing the basic components.

Figure 3 .

 3 Figure 3. Effects on microbial contamination of crate treatments selected from preliminary trials: (a) aerobic plate counts; (b) Enterobacteriaceae; (c) Campylobacter.

  

  

assessment of organic debris 163

  Enumeration of Campylobacter spp.Before starting the trials, it was necessary to ensure that the processing plant used in 180 conjunction with the test rig was not atypical with respect to the cleaning of transport different approaches, the aim being to reduce microbial contamination by at least 4 203 log 10 units. This value was chosen as it is the standard often used to assess effective 204 cleaning of food contact surfaces. The first series of trials covered variations in 205 current commercial practices for soaking and washing crates and is designated TA in 206

	153		
	154	Sample dilutions (100 µl) were used to inoculate modified charcoal cefoperazone
	155	desoxycholate agar, which comprised Campylobacter Blood-free Selective Agar Base
	156	(Oxoid, CM 739) and Campylobacter Selective Supplement (Oxoid, SR 155). Plates
	157	were incubated at 42 o C for 48 h under micro-aerobic conditions from gas-generating
	158	packs (Oxoid, CN 0035A), after which colonies were counted.	Standard
				Formatted: Font: Italic
	159	confirmatory tests included a positive oxidase reaction, microscopical appearance of
	160 161	F o r Gram-strained preparations and failure to grow in air at 25 o C. Some colonies were confirmed as Campylobacter by a latex agglutination method (Campylobacter Test Kit: Oxoid, DR 0150M). F o r F o r
	164	P e To determine the effect of residual organic debris on the microbiological condition of P P e e	Formatted: Font: Italic
	165 166	e r the crates, tests were carried out on crates cleaned and sampled at the processing plant. The tests involved 12 crates, each of which was also sampled by swabbing the e r e r
	143 167	R e internal surface of the base and obtaining an APC and a count of Enterobacteriaceae, R R as described above. Crates were then scored visually for the total amount of organic e e	Deleted: ¶
	144 145 146 147	Microbiological examination Aerobic plate counts (APC) and presumptive Enterobacteriaceae From serial, 10-fold sample dilutions in MRD, 100 µl amounts of each were used to v i e v i e v i e inoculate in duplicate, Plate Count Agar (PCA, Oxoid CM0325) and Violet Red Bile w w w	Formatted: Font: Not Italic Deleted: ¶ Formatted: Font: Italic
	148 149 150	Glucose Agar (VRBGA, Oxoid CM 0485). Plates were incubated at either 30 o C for 48 h (PCA) or 37 o C for 24 h (VRBGA) and the colonies counted. Characteristically, Enterobacteriaceae appear as round, purple colonies 1 -2 mm in diameter and O n l O n l O n l	Formatted: Font: Italic
	151 152 202	surrounded by purple haloes. As recommended by the media manufacturer, however, all red colonies were counted as presumptive Enterobacteriaceae. y y y	Formatted: Font: Italic
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Visual 168 debris in grams on each of three parts of the crate: (i) the interior of the base; (ii) the 169 sides, both inside and out, and (iii) the underside. The organic matter could not be 170 completely removed from the crate, so the amount present was estimated on the basis 171 that one heaped 5 ml teaspoon of debris was found to weigh approximately 2 g.

172

Statistical analysis

173 Analysis of variance (ANOVA) was undertaken using 'Minitab' software. Because 174 the limit of detection for the organisms being sought was log 10 3 cfu / crate base, 175 values below this level were assumed to be log 10 2.7 cfu for the purpose of analysis. 176 177 Formatted: Font: Italic 181 crates. Therefore, a comparison was made of plants belonging to three different 182 companies and tests were carried out on crates before and after cleaning to determine 183 APC and incidence of Enterobacteriaceae and Campylobacter. For this purpose, 12 184 crates were taken on each occasion and sampled by the swab method. The results 185 shown in Table 1 indicate that the three plants were comparable, especially in relation 186 to APC, but varied markedly with regard to Campylobacter, which would have been 187 influenced by the colonisation status of the flocks processed that day. In the two 188 cases where crates were tested before and after the cleaning process, there was little 189 effect of cleaning on APC or Enterobacteriaceae counts. The plant selected for the 190 study (Plant B) had sufficient space to accommodate the test rig alongside the 191 commercial crate-cleaning system, with easy access to the supply of used crates and 192 necessary services. 193 Significance of visual scores for organic debris 194 Table 2 gives a comparison of visual scores and the microbiological condition of a 195 random set of factory-cleaned crates. It is clear that the scores show no correlation 196 with APC or counts of Enterobacteriaceae and, in each case, microbial contamination 197 remained high after the commercial cleaning process. 198 Preliminary trials 199 Trials were carried out with the test rig and using the sponge method of sampling to 200 determine the efficacy of various treatments in reducing adherent organic matter and 201 numbers of microbes on naturally-contaminated crates (n = 4). These followed 4

Table 3 .

 3 The second approach (TB) was concerned with the removal of contaminated a second wash at the end of the process. The results given in Table2123 are presented in each case as the changes in mean counts on PCA and VRBGA,

	207	
	208	process water from the crates and the third (TC) was devoted to different options for
	209	crate disinfection, including the use of a chemical disinfectant (Virkon S), steam, UV
	210	light and ultrasonic treatment. The final series of trials, TD covered more vigorous
	211	cleaning systems, which involved brushing, use of detergent and increased amounts of
	disinfectant, and 213

  (Burton et al., 2004). Other contributory factors relate to the cleaning process itself, 253 which is often constrained by the space available at the processing plant. One 254 consequence of this is that the residence time of each crate in the washing cycle is

	255	
	256	greatly limited. Although 'best practices' have been identified from these studies to
	257	improve present crate-cleaning procedures (Tinker et al., 2005), these are unlikely to
	258	have sufficient effect on microbial contamination to make the cleaning process a
	259	critical control point in the processing operation, as proposed by Slader et al. (2002).
	260 261	F o r Thus, the present study set out to evaluate a number of possible treatments beyond F normal factory conditions that might achieve a significant reduction in microbial o r contamination. For that purpose, it was necessary to perform the trials in a controlled
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manner and under conditions that resembled those used commercially. The use of an 263 experimental rig, situated in a processing plant, has avoided the apparent limitations 264 of trials carried out in a purely laboratory setting (Carr

Table 1 .

 1 Microbiological examination of crates before and after factory cleaning at three different processing plants (all counts: mean log 10 cfu per base, with standard deviation).
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 2 Comparison of visual assessment of residual organic debris oncleaned crates with extent of microbial contamination.

					Formatted Table
		Sample			Formatted: Superscript
			Visual score 1	APC 2	Enterobacteriaceae 2	Deleted: 2
		number			Formatted: Font: Italic
		1	3	8.10	6.70
		2	<1	7.81	6.63
		3	2	7.81	6.33
		4	1	8.18	6.87
		5	8	8.02	6.67
		6	<1	8.18	6.77
		7	<1	8.04	6.62
		8	1	7.98	7.23
		9	2	8.60	6.85
		10	1	8.25	7.12
		11	1	7.98	6.82
		12	<1	8.24	7.14
		1 Weight (g) of material per crate base.
	366	APC Aerobic Plate Count		Formatted: Left

2 Log 10 cfu per crate base.

Table 3 .

 3 Changes in the relative aerobic plate counts and Enterobacteriaceae in preliminary trials using different treatments tested using the experimental rig.
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			Change in count relative	Deleted: in
			to uncleaned control
	Code	Description of treatment	(log 10 ) 1	
			APC	Enterobact-
				eriaceae.
	SWC	15 s pre-wash, 30 s soak, 15 s main wash (standard clean control)	+0.2	+0.5
	TA3	No pre-wash, 30 s soak, 300 s main wash	-1.0	-1.8
	TA4	300 s pre-wash, 30 s soak, 300 s main wash	-0.8	-1.8
	TA5	15 s pre-wash, 300 s soak (40 o C), 15 s main wash	-0.6	-1.1
	TA7	15 s pre-wash, 300 s soak (60 o C), 15 s main wash	-1.6	-1.5

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps 1 Based on a comparison of mean counts.

Number of treatments = 5.

Soaking and washing were in cold water unless stated otherwise.
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