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Abstract

:

The production of farm bulk milk with low bacterial counts is a key quality index used by industry to help ensure the production of high-quality dairy products. The primary metrics used to determine the microbiological quality of bulk tank milk on a farm are the total bacteria count (TBC) and thermoduric bacteria count. To maintain TBCs and thermoduric counts at the lowest attainable levels, i.e., TBC ≤ 15,000 cfu/mL and thermoduric bacteria ≤ 200 cfu/mL, it is imperative that milk quality management is treated as a multi-faceted endeavor. Milking equipment cleaning, pre-milking teat preparation, milk filtration, cooling and storage, milking equipment maintenance and management of a cow’s environment and diet must each be managed with best practice in mind if farm bulk milk is to consistently attain low TBCs and thermoduric counts. This is especially important when using chlorine-free cleaning protocols, which are more complex than traditional chlorine-based cleaning methods and if not implemented correctly do not offer the confidence of achieving required hygiene standards.
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1. Introduction


Delivering milk of a high microbiological standard, i.e., a total bacteria count (TBC) of ≤15,000 cfu/mL and a thermoduric bacteria count of ≤200 cfu/mL [1], is necessary if dairy processors are to guarantee the manufacture of high-quality dairy products [2]. The total bacteria count represents aerobic bacteria (from both the environment and the mammary gland [3]) whose enzymatic activity can damage milk components, and as a result, alter end product quality [2,4]. Thermoduric bacteria, e.g., Bacillus, Clostridia and Enterococcus [5,6] originate in the environment, mainly in soil, and in contrast to bacteria that are susceptible to pasteurization, thermoduric bacteria survive the pasteurization process and persist along the manufacturing chain to the final products [7]. Producing milk with low TBCs and thermoduric counts is a multi-faceted process that requires diligent management across the entire dairy farm. Cleaning milking equipment properly [8,9,10]; maintaining cows in a hygienic state at all times, especially when milking [8,9,11]; maintaining the general farm environment, cow housing, roadways and paddock areas in a hygienic condition [12]; allocating a cow diet that is conducive to the production of high-quality milk [13,14]; cooling milk promptly post-milking and ensuring that it has been properly filtered [15,16]; and regularly servicing milking equipment [17] are all critically important if milk with low bacterial counts is to be consistently produced on a farm. Such a holistic approach is even more imperative where chlorine-free cleaning methods are used.



The use of ‘detergent sterilisers’, containing a combination of sodium hypochlorite [chlorine] and sodium hydroxide [18], have formed the basis of milking equipment cleaning regimes internationally for many years [19,20,21]. Chlorine is a key component in milking equipment cleaning protocols due to its ability to peptize proteins and eliminate a wide range of microbes, including vegetative and spore forms of bacteria as well as molds, yeasts and viruses like bacteriophages [21]. Notwithstanding this, chlorine poses a risk to milk and dairy product quality from a chemical residue perspective, i.e., chlorate, perchlorate and trichloromethane (TCM), which is also known as chloroform [20,22,23]. Chlorate and perchlorate are residues of concern due to their capacity to inhibit the normal function of the thyroid gland, particularly that of infants and young children (making these residues most pertinent to infant milk formula products) [20]. Chlorate and perchlorate are ubiquitous in chlorinated chemicals, but levels can be exacerbated over long storage periods as well as from exposure to light, heat and fluctuations in pH [20,24,25]. In contrast, TCM is a ‘possibly carcinogenic substance’ [26] that develops when chlorine and milk come in contact and it subsequently accumulates in the fat fraction of milk, making it most pertinent to high-fat dairy products such as butter [27,28]. Thus, largescale purchasers of dairy products including infant milk formula and butter have become increasingly concerned about chlorine-based residues and have set stringent maximum limits on their presence in dairy ingredients and products. In an attempt to ensure that these limits/targets are met, dairy industry stakeholders in the Republic of Ireland (ROI) took a proactive approach and made the collective decision to prohibit the use of chlorine for cleaning and disinfecting milking equipment (came into effect on 1 January 2021) [29]. This decision was the first of its kind, as the concept of cleaning without chlorine was uncommon, with the exception of some robotic milking systems [10]. Its relative novelty combined with the absence of chlorine and its efficacious biocidal and peptizing properties raised concerns as to the capacity of chlorine-free cleaning to deliver milk with low TBCs and thermoduric bacteria counts. However, Ref. [30] had previously reported seven chlorine-free cleaning protocols that were capable of effectively cleaning milking machines, over a three-month period under research conditions (Table 1).



Moreover, follow-up research conducted by [10] on commercial dairy farms in the ROI demonstrated that when chlorine-free washing protocols (selected on the basis of being the most appropriate for the particular milking parlor configuration) were implemented correctly, farm bulk milk containing low TBCs and thermoduric bacteria counts could be delivered. Moreover, in some cases TBCs/thermoduric counts achieved where chlorine-free cleaning was used were lower than those achieved on farms using chlorine-based cleaning. Further to this, TBCs and thermoduric bacteria counts from dairy farms (using chlorine-free cleaning) competing in the 2022 Irish National Dairy Council Milk Quality Awards were low, with an average TBC of 6307 cfu/mL and an average thermoduric count of 133 cfu/mL [31].



However, a study of average monthly bulk milk tank bacterial counts from farms using chlorine-free cleaning found that TBCs ranged from 15,000 cfu/mL to 45,000 cfu/mL and thermoduric counts ranged from 200 cfu/mL to 600 cfu/mL [32]. As these counts are notably higher than those reported by [10,30] during research trials and by award-winning Irish farms [31], this ultimately means that chlorine-free cleaning is being implemented on dairy farms in the ROI with varying levels of success. However, suboptimal cleaning of milking equipment is just one cause of high TBCs and thermoduric counts. Research has demonstrated that milk quality is dependent on diligent management across all areas of a farm, not just milking equipment cleaning [11]. Research has demonstrated that only 72% of Irish dairy farmers service their milking machine on an annual basis, while only 7% change milking liners every 2000 milkings [33], with just over half of farmers (52%) conducting some form of pre-milking teat preparation [12]. Research conducted in the Lombardy region in Italy reported that just under two thirds (62%) of farms were pre-dipping in advance of milking [34]. Thus, the objective of this article is to comprehensively review the range of on-farm management factors, including the application of chlorine-free cleaning protocols that are critical for the production of high microbial quality. This review of chlorine-free cleaning practices is Ireland-centric as, to the author’s knowledge, this is the only dairy industry in the world that has adopted this technology on a widespread basis. Therefore, it serves as the sole reference for dairy producers across the world.




2. Cleaning of Milking Equipment


To effectively clean milking equipment, the fundamental principles of cleaning must be adhered to, i.e., the employment of both chemical (detergents/descalers/sanitizers) and physical (turbulence) cleaning action employed in conjunction with adequate heat (hot water) and contact time (circulation time) [35]. Moreover, [36] highlighted the need for milking equipment to be cleaned after every use, e.g., after each milking for a milking machine and after each milk collection for a bulk milk tank, the purpose of which was to prevent the build-up of unwanted organic and inorganic deposits on milk contact surfaces (Figure 1). The importance of such regular cleaning is reinforced by the fact that [36] reported the necessity for such because of research conducted in the United States, a country where chlorine has maintained its position as the fulcrum of the cleaning routine to this day; this ultimately means that even the most versatile cleaning chemicals, i.e., chlorine, cannot replace regular cleaning.



2.1. Chlorine-Free Milking Equipment Cleaning Protocols


In contrast to chlorine-based cleaning protocols, which typically involve 14 chlorine-based washes per week with one additional wash using an acid descaler (phosphoric/nitric acid) when used in the Republic of Ireland, or 14 chlorine-based washes followed immediately by an acid rinse when used in the United States, or periodic chlorine-based washes (weekly/monthly) in New Zealand [21], chlorine-free cleaning is more complex and the protocols chosen depend on the type of equipment being cleaned.



Sodium hydroxide-based detergents form the basis of the majority of chlorine-free protocols. Sodium hydroxide levels in chlorine-free detergents range from 10 to 36% in liquid detergents and 50 to 74% in powder detergents [37]. In the absence of chlorine, increased levels of sodium hydroxide (relative to chlorine-based detergents) are required to achieve maximum detergency, particularly for the purpose of peptizing proteins [10,38]. Contrary to the universal chlorine-based washing protocol, there are five chlorine-free wash protocols available for milking machines (Table 2) and three for bulk milk tanks (Table 3) recommended by Teagasc, which is the food and agriculture development authority of the Republic of Ireland (https://www.teagasc.ie/media/website/animals/dairy/Chlorine-free-wash-Milk-quality-workshop2020NA.pdf) (accessed 10 October 2024).



These protocols vary depending on the type of sodium hydroxide detergent used (powder or liquid) and the number of acid washes required. In large milking plants (12 milking units or more) and/or where ancillary equipment is present, e.g., milk meters and automatic cluster removers, a routine comprising 14 hot washes per week should be employed [31] (Table 2; option 4). Where water hardness is an issue (>100 mg/L of calcium carbonate) [39], more frequent acid (phosphoric/nitric) washing is recommended, e.g., 7 acid washes and 7 caustic washes per week [31] (Table 2; option 2). Hard water occurs when there is a high dissolved mineral (magnesium/calcium/iron) content in water [40] and has been found to negatively impact bulk milk tank bacterial counts, particularly thermoduric and coliform bacteria counts [9]. The presence of hard water minerals disrupts the normal function of detergents and can also cause soiling of milk contact surfaces by way of mineral scales [41] (Figure 1).



The installation of a water softener in conjunction with regular acid washes can help reduce the disruptive properties of hard water [40]. Levels of water hardness vary with geographic region and can range from <100 mg/L of calcium carbonate (considered soft water) to 351–400 mg/L (very hard water) [39]. If the preferred unit of expression for water hardness is grains per gallon (grains/gal), as it is in some parts of the United States, this can be calculated by multiplying the mg/L figure by a conversion factor of 17.1 [40]. The geographical variation is attributed to the predominant minerals present in the bedrock of different regions, for example, limestone, which is rich in calcium, predominates in the midlands of the ROI, while sandstone (which has low levels of calcium) is the most prevalent bedrock in the southwest region with the consequence that water in the midlands tends to be hard while that from the southwest region tends to be softer [39].



‘One for All’ acid-based cleaning chemicals can be composed of nitric, glycolic, octanoic, octenylsuccinic, methanesulfonic and sulphuric acids [37]. These chemicals are specially formulated to remove both organic and inorganic deposits and can also disinfect milking equipment in a single process. It is recommended to use sodium hydroxide on at least one occasion per week when using ‘One for All’ acids to ensure that all organic deposits are removed (Table 2, option 5) [38]. ‘One for All’ chemicals have been employed to an extent in New Zealand, where regular acid washes form the basis of most wash protocols, with chlorine-based washes employed on a weekly/monthly basis [21].



Regardless of the routine employed, where a ‘dump line’ (an additional milk pipeline designated for milk that is not entering the bulk tank) is present, as on ~30% of dairy farms in the ROI [33], it must be cleaned as part of the overall wash protocol after every milking, regardless of whether it was used or not. If it is left unwashed, it can become a source of thermoduric bacteria [42].




2.2. Detergent and Acid Concentration


A critical aspect of chlorine-free washing protocols is that the correct concentrations of sodium hydroxide (detergent) and acid are used. To ensure that effective cleaning takes place, it is necessary to use the required concentrations of detergent and acid. Thus, the rate at which the sodium hydroxide detergent is diluted in wash water needs to be carefully reviewed. Where chlorine-free sodium hydroxide detergent is used in conjunction with hot water, the typical concentration required is 0.5% (v/v) of the overall solution, i.e., 500 mL of detergent in 100 L of hot water [42]. When cold water is used, an increase in solution concentration is warranted due to the absence of heat, with a typical cold wash solution containing a detergent concentration of 1% (v/v) [42]. Acid washes (hot or cold water) typically require a concentration of 1% (v/v). As specific usage rates will vary for different products, it is critical to adhere to the instructions issued by the manufacturer of each product and to note whether hot or cold water is required.




2.3. Hot Washing


Washing milking equipment with hot water is associated with low bacterial counts in bulk tank milk [8]. Using hot water in conjunction with cleaning chemicals increases the detergency of the wash solution by two- to eight-fold [43]. Previously, when chlorinated detergent sterilizers were used, a wash solution temperature of 65 °C plus at the start of the cycle was sufficient because chlorine is less volatile when used at low temperatures [44]. However, when using chlorine-free detergent (sodium hydroxide), it is necessary to have the starting temperature in the range 75–80 °C, to compensate for the absence of chlorine and in doing so maximize the detergency of the wash solution [38]. Although hot water temperature is an integral part of the wash routine, chlorine-free cleaning routines are not the most demanding in terms of hot water temperature because in some parts of the world, e.g., parts of the UK, milking equipment is cleaned using acidified boiling washes, where the acid solution enters the milking plant at 95 °C and is not circulated, but sent straight to waste [3,21].




2.4. Turbulent Flow


Milking plants with milk transfer pipes that are <50 mm in diameter will be rinsed/washed sufficiently by the ‘flood’ action of the solution flowing through the pipeline, provided the recommended volume of rinse/wash solution (14 L of water/milking unit for rinsing and 9 L of water/milking unit for washing) [1,45] is available for all surfaces of the pipe to be cleaned [46]. However, larger plants with larger milk pipelines (>50 mm in diameter) require added turbulence for effective cleaning. This is achieved by the installation of an air injection unit (situated at the end of the milk line) that retains a reservoir of water that is released as a pressurized pulse of water through the milk line every 30–40 s. These pressurized pulses of water are referred to as ‘wash slugs’ [47]. A ‘wash slug’ is essentially a ‘wave’ of water that allows all surfaces of the pipeline to be in contact with the wash solution [47]. However, the air injection system and resultant ‘wash slug’ will only create turbulence in the milk pipeline and receiver vessel. Turbulence in the claw bowl is provided via the ‘air bleed’, with the pulsation providing turbulence to clean the milking liner [46].




2.5. Wash Circulation Time


Following a post-milking rinse to remove all milk from the milking equipment, the chlorine-free detergent/acid solution should be circulated for a period of time that allows sufficient contact of the detergent/acid and the milk contact surfaces. However, circulation time must not exceed 10 min to ensure that re-adherence of previously removed deposits does not occur [1]. This is particularly important when hot water is used, as it is imperative that the temperature of the wash solution does not decrease to <45 °C at the end of the wash cycle [38].




2.6. Chlorine-Free Cleaning of the Bulk Milk Tank


Bulk milk tanks should be washed after each milk collection [36]. The typical wash cycle for a bulk tank involves a post-collection rinse to remove any milk residue, a detergent/acid cycle to clean the tank (the water volume used for the wash cycle should be equivalent to a minimum of 1% of the tank’s total capacity) and a further rinse to remove any of the detergent residue, which in some instances may be followed by an additional sanitizing rinse [38]. It is necessary to ensure that the correct volume of detergent/acid is used to clean the tank and that the internal cleaning ‘spray balls’ in place (that deliver the rinse water/wash solution to the tank surfaces) are not clogged with grit (to ensure that the wash solution reaches all of the internal tank surfaces) [48]. As outlined in Table 3, bulk tank wash protocols may include washing with acid after every second/third milk collection and with sodium hydroxide detergent after all other collections [38]. It is also possible to use sodium hydroxide detergent after each milk collection, but only in conjunction with a final rinse containing peracetic acid [38]. Using a ‘One for All’ acid product is also an option as it serves to clean, descale and in some instances sanitize the tank using a single chemical [38].




2.7. Use of Sanitizers


In the absence of chlorine, peracetic acid is the only suitable sanitizer available for use in milking machine washing routines. Peracetic acid can be used in a final rinse (all detergent must be rinsed away first) and no further rinsing is required provided it is used at the rate outlined by the manufacturer, which is typically 60 mL/45 L of water, i.e., at 0.13% (v/v). The use of peracetic acid in the final rinse was found to result in significantly lower TBC (1389 cfu/mL; p = 0.004) and numerically lower thermoduric bacteria counts (47 cfu/mL; p = 0.117) in milk relative to situations where a peracetic acid rinse was not employed (TBC: 2593 cfu/mL and thermoduric bacteria count: 75 cfu/mL) [30]. Peracetic acid is also useful for cluster disinfection during milking [38].





3. Milking-Associated Factors That Influence Bulk Milk Microbial Quality


Milk in the mammary glands of healthy cows contains very low levels of bacteria, but once extracted from the mammary gland, milk is prone to contamination from the environment [3]. However, the farmer can exert control over such contamination by adhering to good hygienic practices during the milking process, i.e., ensuring that milking clusters are attached to clean, dry teats only [49], by ensuring proper filtration, rapid cooling of the milk [15,16,50] and that milking equipment is fully functional via regular maintenance [49]. Notwithstanding the fact that these milking-related factors have been recognized for some time, they play an even more critical role in situations where chlorine-free cleaning is employed.



3.1. Pre-Milking Teat Preparation


Where a cow’s environment is particularly dirty, cow teats are likely to be significantly coated with feces and soil [48] (Figure 2). Soil is a recognized reservoir of thermoduric bacteria, thus adherence of soil to the external teat surface is associated with higher thermoduric bacterial populations in milk [51]. Due to the ubiquity of bacteria in the cow’s environment, it is best practice to clean teats before cluster attachment to minimize the bacterial load in milk, especially thermoduric bacteria [49].



There are several recommended ways of preparing cows teats for milking, e.g., dry wiping [52], using a moist disinfectant wipe [53], washing teats with water followed by drying or by applying teat disinfectant followed by drying [53]. Dry wiping with a paper towel reduced the number of thermoduric bacteria on cows’ teats by ~50%, relative to not cleaning teats at all [53]. Application of teat disinfectant as a foam and subsequently removing it with a paper towel resulted in a 91% reduction in thermoduric bacteria present on cow teats, while cleaning teats with a moist towel, followed by thorough drying, removed 96% of thermoduric bacteria present on the teats [53]. Washing teats with water followed by drying reduced the populations of Staphylococcal and Streptococcal and coliform bacteria on cow teats by 50%, 60% and 15%, respectively [54], while disinfecting teats with chlorhexidine teat foam followed by drying reduced Staphylococcal, Streptococcal and coliform bacterial populations on cow teats by 95%, 75% and 15%, respectively [54]. When teats are not prepared by a recommended methodology that includes drying of the teat after washing/disinfecting, the risk of bacteria entering milk is increased as wetting the teat surface without subsequent drying will increase the likelihood of any bacteria remaining on the surface being removed during milking and gaining access to the milk. Ref. [3] reported that when cow teats were washed with water, but not dried before milking, TBCs and coliform bacteria counts were five-fold and six-fold higher, respectively, compared to when teats were dried pre-milking. Moreover, where teat disinfectants are applied and not wiped off pre-milking, there is potential for teat disinfectant residues to contaminate milk [54,55]. Aside from enhancing milk microbiological quality, proper teat preparation also serves to reduce the risk of mastitis [3,54].




3.2. Filtering, Cooling and Storing Milk


The flow of milk through a milk filter before entering the plate cooler (where present) and the bulk milk tank helps to prevent any unwanted dirt and debris accumulated during the milking process from entering the bulk milk tank [56]. Excessively soiled milk filters may be linked to inadequate teat preparation [48] (Figure 3).



It is advised to have a clean milk filter in situ during the wash cycle, to prevent any dirt and debris released during the wash cycle from entering the plate cooler [48,57]. A properly operating plate cooler (1:2–1:3 milk:water ratio) facilitates rapid cooling of milk from its initial temperature of approximately 35 °C [50,58] to 15–17 °C, before the milk enters the bulk tank. Rapid cooling by the plate cooler (where present) and the bulk tank minimizes bacterial proliferation in stored milk [16,50]. Milk should ideally be cooled to the target storage temperature of ≤4 °C within 30 min of the end of milking [1,16]. Research has demonstrated that when good-quality milk (TBC 2512 cfu/mL before entering the bulk tank) is stored at 4 °C for 96 h, TBCs do not increase significantly (p = 0.99) during storage (TBC 4786 cfu/mL after 96 h storage) [16]. However, when storage temperature is increased to 6 °C, the TBCs of stored milk are significantly higher (p < 0.001) after 96 h storage (74,131 cfu/mL) relative to the TBCs before it enters the bulk milk tank (2692 cfu/mL) [16].




3.3. Milking Equipment Maintenance


It is recommended to service a milking machine at least once per year to ensure that it is operating satisfactorily [17]. Milking liners should also be changed every 2000 milkings or six months (whichever comes first) and long milk tubes should be changed every two years [48], whereas any worn/damaged rubberware (Figure 4) and plastic components should be changed immediately, regardless of the period between each service interval.



Cracks and crevices in worn components and rubberware accommodate bacteria as these discrete areas shield bacteria from the cleaning process and allow them to multiply within the milking system [48], e.g., Listeria monocytogenes was isolated from a milk meter with a damaged internal surface on a New York dairy farm [59]. Vacuum lines supply vacuum to the milk receiver, and even though milk does not pass through the vacuum line, it is still at risk of contamination via cracked liners/air tubes and the foaming of milk in the receiver vessel (subsequently flooding the sanitary trap with milk) [31]. Therefore, the vacuum line should be washed as part of the annual service and whenever contamination occurs.





4. Other On-Farm Factors That Influence Milk Microbial Quality


The farm environment has a significant influence on cow hygiene, regardless of whether that environment is the paddock during the grazing season or the cubicle shed in winter [60]. Akin to milking-related factors, the influence of the environment on milk microbial quality has been recognized for some time. However, where chlorine-free cleaning is used, the influence of the farm environment must be continually emphasized.



4.1. Grazing Environment


During the grazing season and particularly in wet weather, intense ‘soiling’ of cows with mud must be minimized. Measures that may be taken include the installation and maintenance of an effective farm roadway network, having multiple entry and exit points in paddocks, and strategic placing of water troughs [60,61]. Such infrastructure minimizes traffic and congregation (of the herd) in confined areas, e.g., at water troughs/gaps which would lead to surface damage, dirty teats and udders, and ultimately a large thermoduric bacterial load on cow teats [49,51,62]. Minimizing poaching (surface damage) of grazed paddocks is critically important for reducing the incidence of Bacillus cereus in bulk tank milk as poached soil increases the risk of dirty cow udders and teats [62]. It is also vital that collecting yards (areas where cows are held before and in some instances after milking) are maintained as clean as possible.




4.2. Indoor Environment


When cows are indoors, cubicle beds and cow standing areas within the shed must be cleaned regularly to prevent a build-up of feces. Moreover, an appropriate bedding material should be applied to cubicle beds to maintain them in a clean and dry condition and minimize the build-up of bacteria. Hydrated lime has been shown to be a very suitable bedding material for this purpose [15], while using sawdust or recycled manure increases the prevalence of thermoduric bacteria in the cows’ environment and ultimately in bulk tank milk, especially where teat preparation is not employed [13,14,49]. Regardless of whether cows are indoors or outdoors, their tail and udder hair must be regularly trimmed to minimize the areas (on the cow) where soils and bacteria can accumulate [49]. Trimming udder hair is associated with lower bulk tank bacterial counts and significantly increases (p = 0.01) the likelihood of having clean teat ends [8].




4.3. A Cow’s Diet


When feeding silage, either during the indoor housing period or when allocating it as a supplementary feed during the grazing season, it is vital that it is of high quality, not just from nutritional and performance points of view, but also because poor-quality silage can contain large populations of thermoduric bacteria, including Clostridium spp., Paenibacillus spp. and Bacillus spp. [51,63]. Research conducted on Swedish farms demonstrated an association between thermoduric bacterial numbers present in total mixed rations (grass silage, alfalfa silage, hay, straw, ensiled beet pulp, triticale, minerals and concentrates) and the numbers present in the feces and milk produced by cows that consumed this feed [13]. A similar trend was exhibited by Ref. [62], where milk produced by Irish dairy herds fed poor-quality silage (ensiled in wet conditions) was more likely to contain B. cereus than that from cows on a grass-only diet. When silage-containing thermoduric bacteria are eaten by a cow, the thermoduric bacteria present survive the digestion process and are subsequently excreted in the feces and deposited in the cow’s environment, e.g., standing and lying areas, and in the absence of proper teat preparation, can contaminate the milk as it is being harvested from the cow [13,14].





5. Conclusions


Achieving low bacterial counts in bulk tank milk when using chlorine-free cleaning is dependent on the consistent implementation of a recommended milking machine and bulk milk tank cleaning protocol, the fulcrum of which is adequate concentrations of detergent/acid, necessary levels of turbulence, hot water washing at the desired temperature and correct wash circulation contact time. However, other farm management factors can also contribute to bulk milk tank bacterial counts. The impact that failing to conduct recommended pre-milking teat preparation, maintain a cow’s environment in a hygienic state and feeding suboptimal quality diets can have on bulk milk bacterial counts cannot be underestimated. As consumer demand for safe and high-quality food increases, it is vital that action is taken across the entire dairy chain to ensure that these expectations are delivered. Production of milk to the highest microbial standards at the farm level is the first step towards achieving this, but without a comprehensive, cross-farm approach to the production of quality milk, this will not be attainable.
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Figure 1. Build-up of organic milk deposits on the internal surface of a claw bowl (left) and of inorganic mineral deposits on the internal surface of a claw bowl (right). Organic milk deposits are typically constituted of fat (butter-like substance) and protein (caramel-like substance); inorganic deposits are typically the result of hard water deposits and will appear as a tough sugar-like/white limescale-like/iron-like substance depending on the prevailing mineral in the water. 
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Figure 2. A cow with soiled teats in advance of teat preparation (left) and a cow with clean, dry teats after effective teat preparation (right). 
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Figure 3. An example of an excessively soiled milk filter sock (left) and a lightly soiled milk filter sock (right). 
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Figure 4. Examples of a cluster with a worn milk tube (left) and a cluster with a cracked air tube (right). 
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Table 1. Total bacteria counts (TBCs) and thermoduric counts of milk where chlorine-free cleaning protocols were used to clean milking equipment.
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	Publication
	TBCs
	Thermoduric Counts





	[30]
	1040–1920 cfu/mL
	11–44 cfu/mL



	[10]
	2406–4172 cfu/mL
	20–92 cfu/mL







Total bacteria counts (TBCs) and thermoduric counts presented for [30] are those obtained from in-line milk samples, while those from [10] are those obtained from bulk tank milk samples. Both TBCs and thermoduric bacteria counts are presented as colony-forming units (cfu) per milliliter (mL) of milk.













 





Table 2. Five Teagasc-recommended chlorine-free wash protocols for cleaning milking machines.
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	Milking Machine Protocol
	* Chlorine-Free Detergent
	** No. Hot Washes/Week
	*** No. Acid Washes/Week





	Option 1
	Powder (sodium hydroxide)
	3
	2



	Option 2
	Liquid (sodium hydroxide)
	7
	7



	Option 3
	Liquid (sodium hydroxide)
	4
	3



	Option 4
	Liquid (sodium hydroxide)
	14
	2



	Option 5
	**** Liquid (‘One For All’ acid)
	7/14
	12







* Chlorine-free detergent refers to sodium hydroxide-based detergent. ** No. of hot washes refers to the minimum number of times per week that sodium hydroxide detergent should be used in hot water (75–80 °C starting temperature). *** No. of acid washes refers to the minimum number of times per week that an acid descaler is used to wash the machine in either hot or cold water. **** The number of hot washes required when using option 5 is a minimum of 7, with any extra hot washes above this frequency being optional. An additional final rinse containing peracetic acid can be added to these five protocols as a means of sanitizing the milking machine. When cleaning a milking machine 14 L of water/milking unit is required for rinsing and 9 L of water/unit is required for washing.













 





Table 3. Three Teagasc recommended chlorine-free wash protocols for cleaning bulk milk tanks.
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	Bulk Tank Protocol
	* Frequency of Acid Wash
	** Frequency of Detergent Wash
	Rinse with Peracetic Acid





	Option 1
	After every second/third collection
	After every other collection
	No



	Option 2
	N/A
	After every collection
	After every collection



	*** Option 3
	After every collection
	After every third collection (optional)
	No







* Frequency of acid wash refers to how often acid descalers/’One For All’ acids are used. ** Frequency of detergent wash refers to how often chlorine-free sodium hydroxide-based detergents are used. *** Option 3 pertains to the use of ‘One For All’ acids which are chemically engineered to be able to remove both organic and inorganic deposits and in the case of some products, sanitize as well. These bulk tank wash protocols are those recommended by [38].
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