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Abstract

:

Alkaline phosphatase is used as the main marker in the evaluation of successful milk pasteurization, although there is concern about whether this method is appropriate for non-cow milk. We systematically reviewed articles related to ALP in non-cow milk and dairy products. From a total of 183 studies retrieved, 31 articles were included in the review. Our study shows that most research is focused on goat and sheep milk, while other species are rather neglected as far as the use of ALP as a milk safety marker is concerned. More evidence on ALP kinetics is required for non-cow milk and its products and on alternative pasteurization-efficiency markers, such as other enzymes, as these issues are crucial for consumer health.






Keywords:


alkaline phosphatase; ALP; non-cow milk; safety












1. Introduction


Traditionally, humans consume milk and dairy products as part of a balanced diet, aiming to acquire a wide range of nutritional substances. Cow milk represents 85% of worldwide milk production, while buffalo milk represents 11%, followed by goat milk at 2.3%, sheep milk at 1.4% and camel milk at 0.2% [1]. For other animal species, such as horses and donkeys, their contributions to global milk production are less than 0.1% [2]. In order for milk to be safely consumed, pasteurization is required. The European Regulation EC 2074/2005 [3] specifies the temperature and time conditions for the proper pasteurization of milk: (i) high temperature for a short time (at least 72 °C for 15 s), (ii) low temperature for a long time (at least 63 °C for 30 min) or (iii) any other temperature–time combination sufficient to achieve an equivalent effect, so that the end product shows a negative reaction to alkaline phosphatase after heat treatment.



The analytical methods developed for estimating heat load are based on the estimation of changes in the physicochemical states of milk components after heat treatment. Thermal modifications cause various modifications to the chemical properties of milk. The main changes concern specific protein fractions (enzymes, whey proteins) and the formation of Maillard reaction products [4]. In particular, alkaline phosphatase (ALP) has become the most widely used indicator of milk pasteurization effectiveness. Alkaline phosphatase is slightly more resistant to thermal inactivation than the target bacterial pathogens Coxiella burnetii and Mycobacterium tuberculosis that are present in milk [5]. Therefore, if ALP activity is reduced after pasteurization, milk can be considered safe from a microbiological point of view.



Alkaline phosphatase is a protein that was first described by Suzuki et al. [6]. It is a non-specific monoesterase that catalyzes the hydrolysis of various phosphates and phosphoric acid anhydrides under alkaline conditions. It belongs to the non-specific phosphatases, and it is abundantly present in nature and in many human body tissues, in the kidneys and in bone and blood cells. It is also found in milk and other fluids from many organisms at varying levels [7]. Alkaline phosphatase (ALP) is present in the milk of all mammals in different amounts, and its activity depends on the species, the milk fat percentage and the possibility of reactivation, as well as the conditions of pasteurization [8]. ALP in milk is reported to be concentrated in the fat layer [9]. Products with elevated milk fat levels can have higher initial ALP values. Claeys et al. [10] reported that although whole milk exhibits higher initial ALP activities than non-fat milk, fat content might not be the sole factor that influences the results of pasteurized milk ALP tests. The phosphatase test was originally designed and applied to cow milk, which is mainly consumed as drinking milk. Purified bovine ALP was found to have a molecular mass of 187 k Da and an isoelectric point ranging from pH 5.4 to 6.0 [11]. It has maximal activity in the pH range 9.65 to 10.1 at 37 °C. The thermal inactivation of ALP has been found to follow first-order kinetics, and the denaturation midpoint for milk ALP has been determined at 56 °C for a 30 min heating. Indigenous milk ALP can also be inactivated by high-pressure processing in the range of 400 to 800 MPa and at temperatures ranging from 5 to 40 °C [12].



Regarding the methodological approaches for ALP detection, there are various data on their suitability and reliability. The methods that are used to detect ALP activity can be classified into four types: photometric, fluorimetric, chemiluminescent and immunochemical. These methods have been applied for many years, but only the photometric, fluorimetric and chemiluminescent methods have been recognized as validated methods for pasteurization verification of dairy products [5]. Nowadays, the dairy industry widely uses rapid ALP tests based on the abovementioned technologies. Thus, these tests are also used to control pasteurization in non-cow milk, without sufficient data on their suitability. Due to the differences in ALP activities (lower in goat milk and 35 to 350 times lower in horse milk but higher in sheep milk compared to bovine milk) and in thermal inactivation rates (slower in goat and sheep milk and faster in horse milk compared to bovine milk), a negative ALP test does not seem to be sufficient to determine the efficacy of pasteurization for all types of milk [13,14,15,16,17]. Most studies on ALP detection so far have been conducted on cow milk, while very few have focused on non-cow milk and dairy products [18,19]. Although non-cow dairy foods still represent a relatively small market, there is a need to validate non-cow milk and dairy product pasteurization and understand the associated ALP activities.



In addition to these considerations, recently, the EFSA, in a report published in 2021 [8], highlighted that an in-depth thermal inactivation kinetics study for ALP in different milk types is needed, while a special focus should be placed on camel and equid milk in relation to the assessment of their efficient pasteurization.



The aim of the present study was to assess the current research data in relation to ALP in non-cow milk and dairy products, to highlight gaps in ALP use as an efficient pasteurization indicator and to indicate the research that needs to be undertaken in future in this field.




2. Methodology


2.1. Search Strategy and Data Sources


Three reviewers (EM, AM, SF) searched electronic databases (SCOPUS and PUBMED) using the following keywords: alkaline phosphatase OR ALP AND milk AND pasteurization. Studies identified from the search of the electronic databases were combined, duplicates were removed, along with articles published before the year 2000, and the remaining papers were screened for relevance to the review based on the information contained in their titles and abstracts. Abstracts were screened by another reviewer (TT) and potentially eligible papers were identified.




2.2. Inclusion/Exclusion Criteria


Studies were included if (A) ALP testing for the verification of pasteurization was used for non-cow milk and non-cow dairy products (namely, sheep, goat, camel, equid, buffalo milk and dairy products), (B) the studies contained numerical results and (C) they were published in English.




2.3. Study Selection and Data Extraction


The full texts of the references identified as potentially relevant were obtained and papers were included if they met the inclusion criteria. Review papers were not included. The number of papers obtained by the search strategy were 104. Of these, 73 papers were excluded based on the criteria used. The total number of studies included in this review was 31 (Figure 1).





3. Results and Discussion


A total of 31 research articles were included in this systematic review dealing with non-cow milk, either solely or in combination with the milk of other species (Table 1; Figure 2). More specifically, according to our results, a significant interest in ALP in goat milk was identified worldwide (in the USA, Canada, Venezuela, India, the UK and the EU). Especially after 2000, goat milk was the milk which was studied the most after cow milk (17 published research papers). Twelve (12) papers have been published on sheep milk and ALP, with most of the studies performed in European countries. Eight (8) papers have been published on buffalo milk and ALP, mainly from India, while only four (4) published research papers from Belgium, the USA and Italy have reported on ALP in horse and donkey milk. Finally, there was also a limited number of studies reported on the detection of ALP in camel milk (4 papers).



In order to compare and contrast the available data on ALP in non-cow milk, the abovementioned studies were further grouped according to the following research areas: ALP activity in raw and processed non-cow milk; methods applied for ALP determination in non-cow milk; thermal stability and kinetics of ALP in non-cow milk. Finally, another group was created for studies on ALP in non-cow-milk dairy products. Based on an in-depth and comprehensive review of the data published, following a comparative approach, the following results can be highlighted:



ALP activity in raw and processed non-cow milk



Based on the available data on ALP activity in raw and pasteurized non-cow milk, Figure 3 and Figure 4, respectively, present the differences noted.



The available data on ALP in raw and pasteurized sheep milk vary between studies. According to Lorenzen et al. [13], the ALP average was 1413 U/L, while Jakob et al. [23] reported that ALP activity in raw sheep milk was three times higher than in bovine milk. According to Klotz et al. [22], the average ALP level in raw sheep milk was 3512 μg/mL phenol. The activity of ALP in whole goat milk was found to be 86.74 ± 2.9 U/L and to be 52.4 ± 2.1 U/L in skimmed goat milk [25], while, according to Rola and Sosnowski [31], it was about 20,000 mU/L. According to the European Food Safety Authority [8], there is a 95–99% probability (extremely likely) that pasteurized goat milk has ALP activity below a limit of 300 mU/L. ALP activity in buffalo milk presents notable differences from that in cow milk [34], which may be related to the different milk compositions (i.e., higher fat content). With regard to equid milk (horse and donkey), there is a rather common finding in the current literature, also highlighted by the EFSA (2021), that the currently available ALP tests are not sensitive enough due to the very low basal ALP activities in this type of milk. More specifically, the results of Giacometti et al. [38] showed that ALP activity in donkey milk is similar to that reported in equine milk [14],, while raw equine milk has approximately 35–350 times less enzyme activity than bovine milk [14]. Overall, there are extremely limited data on ALP activity in equid milk. The available data show that equine and donkey milk present very low levels of ALP, calling into question the appropriateness of ALP testing for pasteurization control, as previously stated by Marchand et al. [14], Malissiova et al. [45] and Tsiamita et al. [46], mainly due to the sensitivity levels of available tests but also due to the ALP profile in equid milk. With regard to camel milk, according to the EFSA [8], similar to equid milk, the current ALP tests are not sensitive enough. Lorenzen et al. [41] determined ALP activities in raw and pasteurized camel milk and concluded that ALP is not suitable as a marker for effective pasteurization of camel milk. ALP activity in pasteurized milk is below the detection limit, but the enzyme activity in raw camel milk is too low and the variation in the measured data too high for it to serve as a marker.



Methods applied in non-cow milk for ALP determination



In relation to the methods used for ALP determination in sheep milk, the fluorescence method showed that this control test is one of the most satisfactory techniques [25]. Moreover, chemiluminescence and spectrophotometry proved to be applicable for ALP determination for this milk type also [21,22]. Regarding the methods used for ALP determination in goat milk, the Fluorophos assay was approved as the most suitable method, followed by the colometric method [18]. According to the available data, some novel assays could be applied to assess ALP activity in buffalo milk. High-Performance Liquid Chromatography combined with Ultraviolet (HPLC-UV) or Fluorimetric Detection (HPLC-FD) showed especially good linearity, accuracy and precision, with low limits of detection and quantification [36]. In relation to equid milk, Marchand et al. [14] concluded that equine ALP would not be useful as an indicator with the universally accepted reference method for the determination of ALP in milk. Moreover, based on the findings of Ziobro and McElroy [32], the gamma-glutamyl transferase (GGT) content of equine milk is 4 to 20 times greater than the ALP content, such that GGT is possibly a more suitable marker in the measurement of the successful pasteurization of donkey and horse milk. In this regard, two new methods have been developed using fluorogenic substrates for two marker enzymes, alkaline phosphatase and gamma-glutamyl transferase. These two new methods for detecting ALP and GGT in dairy products are rapid, accurate and repeatable, and the results are positively correlated [32]. GGT testing seems to be a promising method for assessing pasteurization efficiency in non-cow milk, such as horse and donkey milk. Wernery et al. [39] concluded that ALP is not a suitable indicative endogenous marker enzyme for the confirmation of camel milk pasteurization using four different test systems (fluorimetric, photometric and two colorimetric methods). Recently, Tsiamita et al. [46], after evaluating the efficiency of several qualitative and quantitative commercially available ALP tests, concluded that ALP does not appear to be fully reliable as an indicator for the pasteurization of some types of non-cow milk, such as camel and donkey milk, or even goat and sheep milk, with respect to the EFSA’s proposed limits. ALP commercial kits may not be suitable as pasteurization indicators for various types of non-cow milk, and alternatives should be investigated.



Thermal stability and kinetics of ALP in non-cow milk



There has been only limited research on ALP kinetics in non-cow milk, even though there is a recognized gap in the literature. The currently available data can be summarized as follows: at 72.5 °C, K values for the stable fraction of ALP in sheep milk are 2.86 ± 0.34 L/min, demonstrating that the stable fraction of bovine ALP is more slowly inactivated than the sheep ALP varieties [25]. Overall, raw sheep milk contains substantially higher ALP levels than raw cow milk (three times higher) [17,22,27], while the rate of thermal inactivation is lower in sheep milk than in cow milk. ALP levels are influenced in sheep milk, as in other species, by several factors, such as breed, season, lactation stage, fat content and presence of subclinical mastitis [47,48,49,50]. In terms of goat milk ALP kinetics, as Dumitrascu et al. [25] have reported, ALP inactivation behavior is not influenced by fat content at high temperatures, while large decreases in inactivation rates occur as temperature increases. ALP activity in raw goat milk is lower compared to bovine milk, while goat milk presents the lowest ALP activity levels before and after heat treatment [17]. Since it is the absolute value of ALP activity that serves as an index for proper pasteurization and not the loss of initial enzyme activity, it would be helpful to have limits for ovine and caprine milk defined [17]. Overall, both ALP activity and its thermal inactivation rate in goat milk are lower compared to cow milk [17,22,27]. More specifically, ALP activity is five times lower in goat milk, being influenced by several factors, as was above mentioned for sheep milk. The performances of the classical techniques for ALP assessment in goat milk present similarities to those for sheep and cow milk and therefore are considered adequate. Buffalo milk demonstrates less ALP activity than cow milk, while the reactivation rates are similar [30,51]. Nevertheless, there is no current research on buffalo milk to allow the review of more up-to-date data. As in other species, the presence of subclinical mastitis is reported to influence ALP activity [52]. Interestingly, Lombardi et al. [34] demonstrated that, in addition to ALP, GGT would be suitable as a potential marker for heat denaturation in buffalo milk, GGT having the advantage given that its concentrations are higher. From a kinetic point of view, equine ALP has potential as an indicator for proper pasteurization, though this potential cannot be exploited because of the low intrinsic enzyme levels present in equine milk and the lack of sensitivity of the fluorimetric (reference) method. As camel milk contains low levels of and extremely heat-stable ALP, ALP testing is not considered suitable for pasteurization control, even though the rates of inactivation of ALP due to pasteurization were found to be comparable for both analytical (fluorimetric and colorimetric) methods [41]. It is recommended to evaluate the use of other endogenous enzyme markers, such as lactoperoxidase (LPO).



Studies evaluating the inactivation of ALP, GGT and LPO activities in sheep, goat and cow milks by isochrone heating of milk (35–85 °C for 90 s) have shown that the heat stability of the indigenous enzymes increased in the following order: ALP < GGT< LPO [13]. Additionally, according to Sharma et al. [30], the thermal inactivation patterns of individual enzymes (lactoperoxidase (LPO), N-acetyl-β-glucosaminidase (NAGase), γ-glutamyl transpeptidase (GGTP), alkaline phosphatase (ALP) and xanthine oxidase (XO)) in bovine, buffalo and goat milks were found to be similar. The thermal stabilities of these five enzymes are presented in Figure 5. The authors reported that the activities of these enzymes in goat milk were significantly lower than in bovine or buffalo milk.



ALP in non-cow-milk dairy products



A total of 12 research papers have been published on non-cow-milk dairy products and ALP (Table 1). Overall, there are relatively limited data for non-cow milk products, considering the large variety and quantity of different dairy products available globally. Figure 6 presents residual ALP activities in different non-cow-milk cheeses, highlighting the differences noted. Data available for cheese do not allow ALP limits to be evaluated, while no data are available for other dairy products, such as yoghurt, ice cream, milk powder, cream or fermented milk. Interestingly, Todaro et al. [44] reported that ALP values in the PDO Pecorino Siciliano cheese from raw milk fell within the range of ALP values detected in pasteurized milk cheeses. This highlights the caution needed when applying ALP as a control tool for raw or pasteurized milk cheeses. Alternative indicators should be used for dairy products, as ALP activity is influenced by several factors before and after heat treatment. In cultured milk and yoghurt, ALP can undergo an irreversible loss of activity at acidic pH [31], presenting a false-negative ALP test.



The ISO 11816-2:2016 standard does not specify whether the method is applicable to cheese made from cow, goat or sheep milk, even though this is considered the official method for controlling cheeses with a protected designation of origin (PDO) that use raw milk [44], which may lead to false-negative results in ALP testing, as the methods of production for each type of cheese may include several different heat treatments. The fluorimetric method is applicable to milk-based drinks derived from cow, goat and sheep milk and also to milk powder after reconstitution [8]. The study of Rola and Sosnowski [31] confirmed the efficiency of the fluorimetric method for the determination of ALP activities in milk and cheese, according to the standard EN ISO 11816-1 and the new standard EN ISO 11816-2, under laboratory conditions.



According to a survey on ALP activity in pasteurized cheeses that was performed in France, Italy and Switzerland, a tentative target value of 10 mU/g of cheese was proposed [8]. According to Marchand et al. [14], equine ALP will not be useful as an indicator with respect to the universally accepted reference method for the determination of ALP in milk-based products.



One possible limitation of the present study is that articles not listed in the databases used may not have been included. Nevertheless, to the best of our knowledge, this is the first systematic literature review to focus on ALP activity in non-cow milk and its products, and it can definitely serve as a starting point for future research in this specific area. For the non-cow-milk dairy sector, based on the results of the current systematic review, it is apparent that special caution should be taken when applying the ALP test in evaluating the efficiency of pasteurization. The EFSA [8] has reported the following as possible proposed limits for the milk from various species: buffalo milk ≤380 mU/L, goat milk ≤ 330 mU/L, sheep milk ≤ 530 mU/L. As the milks of these three species have similarities to cow milk in terms of ALP kinetics, on which there are some relevant studies in the literature, it is considered essential to focus on camel and equid milk but also on non-cow-milk dairy products in general. Both camel and equid milk definitely represent a small proportion of the global dairy industry, but as they are “characterized” as bio-functional [53,54] they have some fanatic consumers, including children. Therefore, with regard to their safety, special attention should be given to them, either in terms of documenting the efficiency of ALP as a pasteurization indicator or by proposing alternative ways of evidencing their safety. With regard to dairy products, several lapses have been identified in the literature in relation to ALP assessment; therefore, it is proposed to focus on evaluating ALP activities in different products or even to introduce a new approach for heat-treatment evaluation, as ALP is influenced by a series of factors and most probably cannot serve as a safety marker. As there is no legal limit set to date, the use of other enzymes should be investigated to ensure the efficient pasteurization of milk used to produce dairy products, especially cheeses.




4. Conclusions


Research on non-cow-milk ALP activity is relatively limited, and further attention from the research and academic communities is required. ALP kinetics, safety limits and alternative enzymes for the evaluation of successful pasteurization need to be further investigated. Special attention needs to be given to camel and equid milks, as there seems to be an issue with the current methods used to evaluate their safety.
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Figure 1. Systematic literature review and study selection strategy. 
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Figure 2. Research on non-cow milk and ALP from the last 20 years. 
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Figure 3. ALP activities in non-cow raw milks [13,14,22,25,27,30,32,38,39,41]. 
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Figure 4. Means of ALP activities in non-cow pasteurized milks [22,29,33]. 
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Figure 5. Thermal stability of indigenous milk enzymes in different types of milk [13,30]. ALP: alkaline phospahtase, GGT: γ-glutamyl transpeptidase, LPO: lactoperoxidase, NAGase: N-acetyl-β-glucosaminidase, XO: xanthine oxidase. 
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Figure 6. ALP in thermized and pasteurized milk cheeses [33,43,44]. 
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Table 1. List of selected references on the activity of ALP in different types of milk and dairy products.
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Year

	
Title

	
Country

	
Reference






	
Sheep milk




	
2000

	
Evaluation of spectrophotometric and fluorometric methods for alkaline phosphatase activity determination in ewe’s milk

	
Italy

	
[20]




	
2005

	
Collaborative evaluation of a fluorometric method for measuring alkaline phosphatase activity in cow’s, sheep’s, and goat’s milk

	
UK, USA

	
[18]




	
2006

	
Evaluation of a chemiluminescence method for measuring alkaline phosphatase activity in whole milk of multiple species and bovine dairy drinks: Interlaboratory study

	
USA

	
[21]




	
2006

	
Residual alkaline phosphatase activity after heat treatment of ovine and caprine milk

	
Greece

	
[17]




	
2007

	
Heat stability and enzymatic modifications of goat and sheep milk

	
France, USA

	
[15]




	
2008

	
Assessment of the colorimetric and fluorometric assays for alkaline phosphatase activity in cow’s, goat’s, and sheep’s milk

	
Canada

	
[22]




	
2010

	
Inactivation kinetics of food enzymes during ohmic heating

	
Slovak

	
[23]




	
2010

	
Activities of alkaline phosphatase, γ-glutamyltransferase and lactoperoxidase in cow, sheep and goat’s milk in relation to heat treatment

	
Germany

	
[13]




	
2011

	
Evaluation of Alkaline Phosphatase Detection in Dairy Products Using a Modified Rapid Chemiluminescent Method and Official Methods

	
USA

	
[24]




	
2014

	
Inactivation kinetics of alkaline phosphatase from different species of milk using quinolyl phosphate as a substrate

	
Romania

	
[25]




	
2020

	
Mix-and-read method for assessment of milk pasteurization using a smartphone or a common digital camera

	
Greece

	
[26]




	
2021

	
Changes in Native Whey Protein Content, Gel Formation, and Endogenous Enzyme Activities Induced by Flow-Through Heat Treatments of Goat and Sheep Milk

	
Greece

	
[27]




	
Goat milk




	
2000

	
Efficiency of Pasteurization the Goat Milk in Cheesemaking Miniplant

	
Venezouela

	
[28]




	
2003

	
Dry-reagent strips for testing milk pasteurization

	
India

	
[29]




	
2005

	
Collaborative evaluation of a fluorometric method for measuring alkaline phosphatase activity in cow’s, sheep’s, and goat’s milk

	
UK, USA

	
[18]




	
2006

	
Evaluation of a chemiluminescence method for measuring alkaline phosphatase activity in whole milk of multiple species and bovine dairy drinks: Interlaboratory study

	
USA

	
[21]




	
2006

	
Residual alkaline phosphatase activity after heat treatment of ovine and caprine milk

	
Greece

	
[17]




	
2007

	
Heat stability and enzymatic modifications of goat and sheep milk

	
France, USA

	
[15]




	
2008

	
Assessment of the colorimetric and fluorometric assays for alkaline phosphatase activity in cow’s, goat’s, and sheep’s milk

	
Canada

	
[22]




	
2009

	
Activity and thermal stability of indigenous enzymes in cow, buffalo and goat milk

	
India

	
[30]




	
2010

	
Inactivation kinetics of food enzymes during ohmic heating

	
Slovak

	
[23]




	
2010

	
Activities of alkaline phosphatase, γ-glutamyltransferase and lactoperoxidase in cow, sheep and goat’s milk in relation to heat treatment

	
Germany

	
[13]




	
2011

	
Evaluation of alkaline phosphatase detection in dairy products using a modified rapid chemiluminescent method and official methods

	
USA

	
[24]




	
2011

	
Determination of alkaline phosphatase activity in goat milk and cheese by fluorimetric method as a verification of efficacy of pasteurisation process

	
Poland

	
[31]




	
2013

	
Fluorometric detection of active alkaline phosphatase and gamma-glutamyl transferase in fluid dairy products from multiple species

	
USA

	
[32]




	
2014

	
Inactivation kinetics of alkaline phosphatase from different species of milk using quinolyl phosphate as a substrate

	
Romania

	
[25]




	
2016

	
Alkaline phosphatase activity and microbiological quality of heat-treated goat milk and cheeses

	
Poland

	
[33]




	
2021

	
The use of alkaline phosphatase and possible alternative testing to verify pasteurisation of raw milk, colostrum, dairy and colostrum-based products

	
EU

	
[8]




	
2021

	
Changes in Native Whey Protein Content, Gel Formation, and Endogenous Enzyme Activities Induced by Flow-Through Heat Treatments of Goat and Sheep Milk

	
Greece

	
[27]




	
Buffalo milk




	
2000

	
Buffalo-milk enzyme levels, their sensitivity to heat inactivation, and their possible use as markers for pasteurization

	
Italy, Israel

	
[34]




	
2003

	
Dry-reagent strips for testing milk pasteurization

	
India

	
[29]




	
2006

	
Evaluation of a chemiluminescence method for measuring alkaline phosphatase activity in whole milk of multiple species and bovine dairy drinks: Interlaboratory study

	
USA

	
[21]




	
2009

	
Activity and thermal stability of indigenous enzymes in cow, buffalo and goat milk

	
India

	
[30]




	
2015

	
A three step approach for the purification of alkaline phosphatase from non-pasteurized milk

	
India

	
[35]




	
2016

	
Development of a Chromatographic Method for the Determination of Alkaline Phosphatase Activity in Pasteurized Milk

	
India

	
[36]




	
2021

	
The use of alkaline phosphatase and possible alternative testing to verify pasteurisation of raw milk, colostrum, dairy and colostrum-based products

	
EU

	
[8]




	
2021

	
Development of a HPLC Fluorescence Method for Determining Efficacy of Milk Pasteurization

	
India

	
[37]




	
Equid milk

	

	

	




	
2009

	
Thermal inactivation kinetics of alkaline phosphatase in equine milk

	
Belgium

	
[14]




	
2013

	
Fluorometric detection of active alkaline phosphatase and gamma-glutamyl transferase in fluid dairy products from multiple species

	
USA

	
[32]




	
2016

	
Shelf life of donkey milk subjected to different treatment and storage conditions

	
Italy

	
[38]




	
2021

	
The use of alkaline phosphatase and possible alternative testing to verify pasteurisation of raw milk, colostrum, dairy and colostrum-based products

	
EU

	
[8]




	
Camel milk




	
2006

	
Comparative study on different enzymes evaluating heat treatment of dromedary milk

	
n/a

	
[39]




	
2008

	
Evaluation of alkaline phosphatase (ALP), γ-glutamyl transferase (GGT) and lactoperoxidase (LPO) activities for their suitability as markers of camel milk heat inactivation

	
n/a

	
[40]




	
2011

	
Evaluation of indigenous enzymes in raw and pasteurised camel milk

	
Germany

	
[41]




	
2021

	
The use of alkaline phosphatase and possible alternative testing to verify pasteurisation of raw milk, colostrum, dairy and colostrum-based products

	
EU

	
[8]




	
Non-cow dairy products




	
2000

	
Efficiency of Pasteurization the Goat Milk in Cheesemaking Miniplant

	
Venezouela

	
[28]




	
2004

	
Alkaline Phosphatase Activity in Cheeses Measured by Fluorometry

	
USA

	
[42]




	
2006

	
Evaluation of a chemiluminescence method for measuring alkaline phosphatase activity in whole milk of multiple species and bovine dairy drinks: Interlaboratory study

	
USA

	
[21]




	
2009

	
Thermal inactivation kinetics of alkaline phosphatase in equine milk

	
Belgium

	
[14]




	
2011

	
Evaluation of alkaline phosphatase detection in dairy products using a modified rapid chemiluminescent method and official methods

	
USA

	
[24]




	
2011

	
Determination of alkaline phosphatase activity in goat milk and cheese by fluorimetric method as a verification of efficacy of pasteurisation process

	
Poland

	
[31]




	
2012

	
Alkaline phosphatase activity in Slovenian cheese made from pasteurized, thermized or raw milk

	
Slovenia

	
[43]




	
2013

	
Fluorometric detection of active alkaline phosphatase and gamma-glutamyl transferase in fluid dairy products from multiple species

	
USA

	
[32]




	
2016

	
Alkaline phosphatase activity and microbiological quality of heat-treated goat milk and cheeses

	
Poland

	
[33]




	
2021

	
The use of alkaline phosphatase and possible alternative testing to verify pasteurisation of raw milk, colostrum, dairy and colostrum-based products

	
ΕU

	
[8]




	
2021

	
Changes in Native Whey Protein Content, Gel Formation, and Endogenous Enzyme Activities Induced by Flow-Through Heat Treatments of Goat and Sheep Milk

	
Greece

	
[27]




	
2021

	
Alkaline Phosphatase Survey in Pecorino Siciliano PDO Cheese

	
Italy

	
[44]
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