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Abstract: The demand for non-cow milk and the products derived from it, is constantly increasing;
thus, correct and effective pasteurization becomes necessary. Typical practices for evaluating milk
pasteurization are mainly based on the thermal inactivation of an endogenous enzyme, alkaline
phosphatase (ALP). The ALP tests, originally designed and applied to pasteurized cow milk, are often
used to control pasteurization in non-cow milk, without sufficient data on their suitability; EFSA
calls on the scientific world for collecting more information on the subject. In this study, the pertinent
details of the ALP assay for non-cow milk products are summarized, and a comparison is performed
regarding the evaluation of the adequacy of commercially available tests for the determination of
ALP activity in non-cow milk. At the same time, raw and pasteurized non-cow milk was analyzed
microbiologically using standard ISO methods and MALDI-TOF MS in order to confirm the thermal
effect on common microorganisms. In these preliminary results, various ALP tests do not appear to
be fully reliable as indicators for the pasteurization of some types of non-cow milk such as camel and
donkey milk or even goat and sheep milk, using the EFSA proposed limits. ALP commercial kits
may not be suitable as pasteurization indicators for various types on non-cow milk, and alternatives
should be investigated.

Keywords: alkaline phosphatase; pasteurization; goat milk; sheep milk; buffalo milk; camel milk;
donkey milk; total viable count; Enterobacteriaceae

1. Introduction

It is well established nowadays that pasteurization of raw milk, colostrum, dairy
or colostrum-based products must be achieved using heat treatment, such that the alka-
line phosphatase (ALP) test immediately after such treatment gives a negative result [1].
However, it is a major concern that the ALP test was originally designed and applied to
pasteurized cow milk; hence there is insufficient data available with respect to the use of
this test for evaluating pasteurization in other animal species milk. The currently available
data on the subject for the various types of non-cow milk are as follows:

1.1. Goat and Sheep Milk

In general, goat milk shows lower levels of ALP activity, up to five times, com-
pared to that of cow milk [1,2]. In sheep milk, on the other hand, ALP is more active,
two to three times more than cow milk, and increases during lactation [3]. According to
Raynal-Ljutovac et al. [4], there are significant differences in ALP content between species,
breeds within species, and individual animals. Studies have shown that the highest percent-
age of ALP was present in buttermilk, and when the cream was stirred for milk production,
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half of the amount observed in the cream penetrated in the produced milk [5]. In a study
performed by Vamvakaki et al. [6], during milk heat treatment, ALP activity showed a
faster declining trend in goat and sheep milk in contrast to cow milk, which showed a slow
inactivation of ALP. Wilińska et al. in 2007 [7] also showed that the stability of ALP in cow
milk was much higher than that in goat and sheep milk. The temperature range that was
used to heat the samples was higher, ranging from 54–69 ◦C for 1–180 min [1,7].

The same result was achieved by Dumitraşcu et al. in 2014 [8] who used a fluorometric
method in whole and skimmed milk. In whole milk at low temperatures, the ALP residue
was higher in goat milk due to more fat. As the temperature increased, the residuals in
goat milk decreased, while in cow milk they remained stable. Regarding skimmed milk,
goat milk showed the lowest ALP activity, followed by sheep and lastly cow milk, in which
almost twice the amount was found compared to the other two species. So, the conclusion
they came to is that ALP in cow milk is more tolerant and resistant of temperature rise [1,8].

Klotz and his colleagues studied and attempted to evaluate the Fluorophos method
and the MFO-3 colorimetric analysis for the detection of ALP in a fresh and pasteurized
milk sample. The results of their research showed that in all three types of milk (goat, sheep
and cow) the reduction of the enzyme activity is dramatic between the 67.0 and 72.5 ◦C
pilot pasteurization trials [9].

Based on the above, it is generally demonstrated that there is a slower decrease in ALP
activity in cow milk compared to that in goat and sheep milk, while the latter had the fastest
decrease in ALP activity. Sensitivity of the two methods for detecting ALP activity has not
been determined. In various studies, the level of ALP in milk varies widely depending
on the season, the breed of the animal and the stage of lactation. Goat and sheep milk
naturally contain ALP at about 10 and 200%, respectively, of the level in cow milk. At
present, the Canadian maximum level of residual ALP in pasteurized goat and sheep milk
is the same as that of cow milk. Due to fluctuations in baseline ALP levels, it has been
proposed to set different legal limits for milk from different species to verify the adequacy
of pasteurization [3].

In addition, some colorimetric methods are less sensitive and have been shown to
have a significant failure rate. In order to increase the sensitivity of colorimetric assays
for non-cow milk, Williams and Nottingham [10] modified the Aschaffenburg and Mullen
assay process by increasing the sample volume. The application in goat milk proved to be
satisfactory. Furthermore, ALP values in goat milk have been reported to vary considerably,
with little or no correlation between milk fat content and milk solids. Furthermore, it has
been observed that in cases of mastitis, milk has a higher activity of ALP [11].

Barbosa considered that differences in the fat content of both goat and sheep milk
used for direct human consumption or cheese production influenced the performance of
the available ALP tests [12].

Moreover, in studies carried out by Istituto Zooprofilattico Sperimentale Lazio e
Toscana [3], the variability of the limits for the correct pasteurization of each species was
demonstrated and how they should be adjusted were suggested. Thus, based on the data
at their disposal, they concluded that to have the goat milk sufficiently pasteurized the
ALP levels must be below the 330 mU/L limit, while for sheep milk, below 530 mU/L.
Similar limits are being proposed by European Food Safety Authority (EFSA) (300 and
500 mU/L, respectively) but it is recommended that further data needs to be collected in
order to conclude if these limits are valid of all situations [1].

1.2. Camel Milk

Studies on the evaluation of ALP activity in camel milk, both raw and pasteurized,
are limited. One of these was conducted by Lorenzen et al., in 2011 [13]. They observed
that ALP values in pasteurized milk did not differ much from those found in raw milk.
It is worth mentioning that the values were measured by fluorometric method and by
chromatography. The conclusion was that ALP is not the appropriate enzyme to ver-
ify the proper pasteurization of camel milk due to increased residual activity [1,13].
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Wernery’s scientific team reached the same conclusion [14]. They used a total of four
methods to determine adequate pasteurization, one fluorometric, one photometric and
two chromatographic. They observed that the ALP reduction rate after several hours of
heat-treated milk was minimal and that the enzyme was almost not inactivated after heat-
ing to 72 ◦C, which is the acceptable High Temperature Short Time (HTST) pasteurization
temperature for other species milk [1,14].

1.3. Buffalo Milk

One of the relevant studies regarding buffalo milk showed that the ALP activity in
buffalo milk is not particularly related to the activity of the corresponding enzyme in
cow milk [15]. Nevertheless, the degree of enzyme reactivation in the two types of milk
is similar. In 2000, Lombardi’s team found [16] that ALP showed the highest sensitivity
(vs three other milk enzymes measured) to heat inactivation at 60 ◦C, while at 70 ◦C, the
enzyme was completely inactivated in one minute. In addition, the activity of the enzyme
did not seem to differ much between buffalo and cow milk, while it is concentrated in both
cases in the creamy phase. A study was conducted by the International Dairy Federation
and the International Organization for Standardization to evaluate the reproducibility of
a chemiluminescence method for ALP at 50, 100, 350 and 500 mU/L in whole milk of
multiple species. The results of this study revealed that this method was comparable to
fluorescence analyses and indicated that the chemiluminescence method is suitable for
measuring ALP in milk derived from multiple species and in dairy drinks in the US and
EU at levels below 350 mU/L [17].

1.4. Donkey Milk

In 2009, Marchand et al. [18] examined the ALP contained in horse milk, which also
displays a significant resemblance to donkey milk. The aim of this study was to demonstrate
the ALP potential to be used as an enzymatic marker in milk. Although, from a kinetic
point of view, the enzyme can be used as an indicator for the proper pasteurization of milk,
nevertheless it cannot be utilized due to the low endogenous level of enzyme present in
horse milk, and probably in donkey milk. Specifically, for the assessment of ALP in raw
horse milk, fractionation was performed by centrifugation. The results from horse milk,
compared to cow milk, showed that the activity of ALP was much lower, as well as the
distribution of enzymes in milk was completely different [18]. This is most likely due to
the lower percentage of fat found in this type of milk.

Our team performed a preliminary evaluation of the efficiency of commercial ALP test kits
to determine possible suitability for use in non-cow milk pasteurization. At the same time, raw
and pasteurized non-cow milk was analyzed microbiologically using standard ISO methods
and MALDI-TOF MS in order to confirm the thermal effect on common microorganisms.

2. Materials and Methods

Samples collection: A total of 10 samples of raw milk, 500 mL each, were collected in
sterile containers, from sheep, goat, buffalo, donkey and camel farms in Greece and Cyprus.
The samples were partitioned into analytical samples of 50 mL and stored under freezing
conditions (−25 ◦C) until analysis. After controlled thawing, their pH was checked to
determine their suitability for further analysis.

Samples processing: All raw samples (10) were pasteurized with HTST method (72 ◦C,
15 s) and Low Temperature Long Time (LTLT) method (63 ◦C, 30 min) in a semi-industrial
environment. During the pasteurization, 200 mL of the pasteurized samples by the HTST
method was placed in Erlenmeyer flasks. The heating took place in a water bath, while
the temperature was constantly monitored with a thermometer. For LTLT pasteurization,
200 mL of each raw milk sample was placed in metal containers and then heated on heating
plates, for 30 min at 63 ◦C. The heat-treated samples (20) were stored under refrigeration or
freezing for further analysis.
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Microbiological analysis: A total of 30 samples (raw and pasteurized) were analyzed
for Total Viable Count (TVC) and Enterobacteriaceae using standard methods (ISO 4833-
1:2013, ISO 21528-2:2017 respectively). Samples were prepared with initial suspensions and
decimal dilutions for microbiological examination according to ISO 8261:2001. TVC was
enumerated on Plate Count Agar (PCA) incubated at 30 ◦C for 72 h. Enterobacteriaceae
were enumerated on Red Bile Glucose (VRBG) Agar incubated at 37 ◦C for 24 h. All samples
were analyzed in duplicate. Enterobacteriaceae isolates were identified at species level by
Matrix-Assisted Laser Desorption/Ionization-Time of Flight Mass Spectrometry (MALDI-TOF
MS), using a Microflex LT (Bruker Daltonik GmbH, Bremen, Germany) mass spectrometer.
A single colony from freshly grown isolates was picked and directly applied to a steel MALDI
target plate. Afterwards, it was overlaid with one µL of a saturated solution of α-cyano-4-
hydroxycinnamic acid (HCCA) (Bruker Daltonics, Bremen, Germany) and allowed to co-
crystalize at room temperature. Spectra were automatically acquired in a linear positive mode,
at a laser frequency of 20 Hz, within a mass range from 2000 to 20,000 Da, with AutoXecute
acquisition software (Flex control 3.4, Bruker Daltonics, Bremen, Germany). The spectra were
externally calibrated using Escherichia coli DH5alpha. Raw spectra were processed using
MALDI BioTyper v.3.1 software (Bruker Daltonik GmbH, Bremen, Germany). Results were
classified using modified score values proposed by the manufacturer.

Determination of alkaline phosphatase activity: All 30 samples, namely 10 raw, 10 pasteurized
with the HTST method and 10 pasteurized with the LTLT method were tested for ALP
activity with three qualitative tests (A, B and C) and three quantitative tests (D, E and F)
commercially available and randomly selected. All tests were performed following strictly
the manufacturer’s instructions, and all samples were analyzed in duplicate. As the activity
of ALP in buffalo milk is similar to cow milk, this type of milk served as a positive control
for all tests.

The ALP Qualitative Tests used were Lactognost (HEYL, Berlin, Deutschland), Phos-
phatesmo (MACHEREY-NAGEL, Dueren, Germany) and Lactopast Biomedix (MenidiMed-
ica, Menidi, Greece) hereafter A, B and C respectively. For the technical characteristics of
each test, briefly refer to the following: Lactognost is a qualitatitive test that uses three
reagents, namely Lactognost I (buffer solution), II (disodium phenyl phosphate) and III
(chloro imino dibromo quinine). A tablet of Lactognost I and II was dissolved in 10 mL of
water and 1 mL of the milk sample was added. Incubation at 37 ◦C for 1 h followed, and at
the end Lactognost III was added. Exactly 10 min later, the color was evaluated: Brown
corresponds to ALP Negative (pasteurized milk), Blue to ALP Positive (unpasteurized
milk) and Green to ALP traces (insufficiently pasteurized milk). Phosphatesmo is a test
strip that was briefly dipped into the milk sample. The excess of liquid milk was shaken off,
and in order to prevent the test pad of the test strip from drying out, the test strip was put in
the provided by the kit bag. Samples were then incubated at 36 ◦C for 1 h. In the presence
of ALP, the test field turns yellow. A yellow coloration indicates that raw milk is present,
or the milk was not sufficiently heated. No coloration indicates that the pasteurization
was correctly completed. Lactopast Biomedix (MenidiMedica uses a total of 400 µL of R2
reagent that was first placed in each tube, followed by 100 µL of R3 reagent. Then 10 µL
of milk was added, and the test tube was shaken for 5 s. In the next 5 s, the analysis was
complete. If the color remains the same, then pasteurization has been achieved. Otherwise,
if the sample turns to yellow or green, then this is an indication of incorrect pasteurization.

The ALP Quantitative Tests used were ZymoSnap ALP (Hygiena, Huntingdon, UK),
PasLite test (Charm Sciences, Lawrence, KS, USA) and Fluorophos (Advanced Instruments,
Norwood, MA, USA), hereafter D, E and F, respectively. For the technical characteristics
of each test, briefly refer to the following: ZymoSnap ALP principle is based on the use
of a single stand-alone device, in a simple procedure. The milk sample is placed in the
ZymoSnap ALP tube, the device is activated to release the detection reagent, and the
sample is incubated for 5 min. ALP activity is measured in the EnSURE monitoring system.
The results were displayed in 15 s. The device was calibrated using the ZymoSnap ALP
Positive Control Kit. For using PasLite test, during the preparation of the dairy samples
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to be analyzed, they are mixed with PasLite reagents and incubated at 35 ◦C for 3 min.
The resulting solution emits radiation in visible light, intensity directly proportional to the
concentration of the enzyme in it. The Charm novaLUM II-X system is used to measure the
emitted light and converts the light measurements into enzyme units. The results appeared
after 5 s. The measurement of all tubes was completed within 3 min from the addition of
the Stopping Solution. For implementing Fluorophos, a total of two mL of the reconstituted
Fluorophos® ALP Substrate was dispensed into labeled fluorometer cuvettes for each
test. The cuvettes were then placed into the heating block and incubated for 15 min at
38 ± 1 ◦C. An aliquot of 75 µL of the sample was placed in the preheated cuvette and
mixed well with a vortex mixer. The cuvette was placed in the fluorometer cuvette chamber.
After 60 s, the fluorometer began to measure and displayed the fluorescence of the sample
in fluorescence units (FLU). After three minutes, the fluorometer displayed the average
increase in fluorescence and the ALP activity in mU/L or mU/kg.

3. Results
3.1. Microbiological Results

Table 1 shows the results regarding the Total Viable Count (TVC) and enumeration of
Enterobacteriaceae. The results show that the highest TVC was found in goat and sheep,
while the lowest was found in donkey milk, before and after pasteurization. Regarding
Enterobacteriaceae, the highest numbers were detected in sheep, goat and buffalo milk, but
after pasteurization, members of the family were not detected in any of the samples.

Table 1. Results of TVC and Enterobacteriaceae (cfu/mL).

Sample Raw Milk (cfu/mL) HTST (cfu/mL) LTLT (cfu/mL)

TVC Enterobacteriaceae TVC Enterobacteriaceae TVC Enterobacteriaceae

Goat milk S1 >3 × 106 4.55 × 103 5.82 × 104 0 8.73 × 103 0

Goat milk S2 >3 × 106 8.55 × 103 988 0 13 × 105 0

Sheep milk S1 >3 × 106 1.56 × 104 122 0 400 0

Sheep milk S2 >3 × 106 1.14 × 104 1.89 × 103 0 346 0

Camel milk S1 6.21 × 104 0 3.46 × 103 0 2976 0

Camel milk S2 3 × 104 0 1187 0 18 0

Donkey milk S1 5.09 × 103 10 124 0 254 0

Donkey milk S2 5.73 × 103 8 432 0 4 0

Buffalo milk S1 2.35 × 105 4.36 × 103 3.5 × 104 0 12.25 × 104 0

Buffalo milk S2 2.73 × 105 3.64 × 103 4.09 × 104 0 967 0

Regarding Enterobacteriaceae identification at species level by MALDI-TOF MS, the
most common microorganisms found in raw milk samples are presented in Table 2.

Table 2. Results of MALDI-TOF MS detection in raw milk samples.

Microorganisms

Goat milk S1 Pantoea agglomerans

Goat milk S2 Enterobacter cloacae, Pantoea agglomerans, Klebsiella oxytoca, Escherichia coli

Sheep milk S1 Pantoea agglomerans, Hafnia alvei

Sheep milk S2 Klebsiella oxytoca, Pantoea agglomerans
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Table 2. Cont.

Microorganisms

Camel milk S1 None

Camel milk S2 None

Donkey milk S1 Klebsiella oxytoca, Pantoea agglomerans, Enterobacter cloacae

Donkey milk S2 Enterobacter cloacae

Buffalo milk S1 Pseudomonas fulva, Pseudomonas koreensis, Klebsiella oxytoca, Pantoea agglomerans

Buffalo milk S2 Pseudomonas koreensis

3.2. Qualitative Alkaline Phosphatase Test Results

Table 3 shows the results of the qualitative ALP tests used in this study. Specifically, it
is reported whether the results related to ALP are positive (+), negative (-), or doubtful (~).

Table 3. Results of qualitative alkaline phosphatase tests for non-cow milk samples.

Raw Milk HTST LTLT

ALP Test A B C A B C A B C

Goat milk S1 + - * - * ~ * - - ~ * - -

Goat milk S2 + + + ~ * - - ~ * - -

Sheep milk S1 + + + ~ * - - - - -

Sheep milk S2 + + + - - - - - -

Camel milk S1 + + + + * - - + * - -

Camel milk S2 + + - * + * - - + * - -

Donkey milk S1 + - * - * - - - ~ * - -

Donkey milk S2 + - * - * - - - ~ * - -

Buffalo milk S1 + + + - - - - - -

Buffalo milk S2 + + + - - - - - -

* results that are considered not correct, according to milk sample status

3.3. Quantitative Alkaline Phosphatase Test Results

Table 4 shows the results of the quantitative ALP tests used in this study. Specifically, it
is reported whether the results related to ALP are positive (+) or negative (-) depending on
the results received: the known cow’s milk limit of >350 is declared as + and not considered
pasteurized, while values < 350 are considered negative, except goat and sheep milk where
values of 300 and 500 mU/L, respectively, were considered as limits, as proposed by EFSA.

Table 4. Results of quantitative alkaline phosphatase tests (mU/L) of non-cow milk samples.

Raw Milk HTST LTLT

ALP Test D E F D E F F E F

Goat
milk S1 + 11557.5 + 2931 + or - 171 - 34.13 - 172.4 - 223 - 12.99 - 299.05

Goat
milk S2 + 12458.5 + 2521 + or - 2 - 9.2 - 153.8 - 261.5 - 16.12 + 409.15

Sheep
milk S1 + 20000 + 2766 + or + 722.5 - 162 + 1006.95 - 93.5 - 14.92 - 379.05

Sheep
milk S2 + 20000 + 2851 + or - 14 - 25.37 - 83.2 - 22.93 - 90 - 180.2
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Table 4. Cont.

Raw Milk HTST LTLT

ALP Test D E F D E F F E F

Camel
milk S1 + 20000 + 781 + 10660 + 2255.5 - 180.1 + 6102.5 + 1921.5 - 186.3 + 7736.5

Camel
milk S2 + 4249 + 494 + 4386 + 1754.5 - 146 + 4879.5 + 1911 - 63.71 + 2537.1

Donkey
milk S1 + 1251.5 - 111 + 2167.9 - 9 - 20.97 - 66.65 - 15 - 11.67 - 100.9

Donkey
milk S2 + 2075.5 - 93 + 2060.4 - 7.5 - 7.52 - 16.55 - 22 - 30.6 - 123.45

Buffalo
milk S1 + 3631.5 + 5304 + or - 11 - 8.11 - 46.2 - 3 - 22.87 - 54.95

Buffalo
milk S2 + 13495 + 5325 + or - 85 - 19.52 - 209.6 - 13.5 - 46.12 - 37.25

or: over ranged. In bold, the results that are considered not correct, according to currently established limits.

Table 5 shows the comparison of the results of all tests used in the study for all
30 milk samples.

Table 5. Comparative results of all ALP tests of non-cow milk samples.

Qualitative Tests Quantitative Tests

A B C D E F

Goat milk S1 raw + - * - * + + +

Goat milk S1 HTST ~ * - - - - -

Goat milk S1 LTLT ~ * - - - - -

Goat milk S2 raw + + + + + +

Goat milk S2 HTST ~ * - - - - -

Goat milk S2 LTLT ~ * - - - - + *

Sheep milk S1 raw + + + + + +

Sheep milk S1 HTST ~ * - - + * - + *

Sheep milk S1 LTLT - - - - - -

Sheep milk S2 raw + + + + + +

Sheep milk S2 HTST - - - - - -

Sheep milk S2 LTLT - - - - - -

Camel milk S1 raw + + + + + +

Camel milk S1 HTST + * - - + * - + *

Camel milk S1 LTLT + * - - + * - + *

Camel milk S2 raw + + - * + + +

Camel milk S2 HTST + * - - + * - + *

Camel milk S2 LTLT + * - - + * - + *

Donkey milk S1 raw + - * - * + - * +

Donkey milk S1 HTST - - - - - -

Donkey milk S1 LTLT ~ * - - - - -
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Table 5. Cont.

Qualitative Tests Quantitative Tests

A B C D E F

Donkey milk S2 raw + - * - * + - * +

Donkey milk S2 HTST - - - - - -

Donkey milk S2 LTLT ~ * - - - - -

Buffalo milk S1 raw + + + + + +

Buffalo milk S1 HTST - - - - - -

Buffalo milk S1 LTLT - - - - - -

Buffalo milk S2 raw + + + + + +

Buffalo milk S2 HTST - - - - - -

Buffalo milk S2 LTLT - - - - - -

* results that are considered not correct, according to currently established limits and milk sample status.

4. Discussion

The present study was carried out in order to comparatively evaluate the reliability of
commercial ALP tests for non-cow milk, utilizing three qualitative and three quantitative
kits, randomly selected, which were used for the selected samples of goat, sheep, camel,
donkey and buffalo milk. The kits used are the most commonly used in the dairy industry
and are therefore considered representative. The samples covered important non-cow milk
types consumed worldwide. The analyses of the samples were completed in duplicate for
reasons of reliability of the results.

Regarding the heat treatment of the samples, this was performed in laboratory con-
ditions, and there may be deviations from its industrial application. Nevertheless, the
conditions chosen simulate the time–temperature relationships used both in the dairy
industry and in small cheese factories and are therefore considered to be representative
for the sanitization of milk. Nevertheless, in order to have a safety valve for the successful
heat treatment, the samples were tested microbiologically before and after the treatment to
establish its effect.

During the microbiological control of milk samples, both fresh and pasteurized, a
decrease in both TVC and the populations of Enterobacteriaceae was found, which was
expected and may indirectly indicate the effectiveness of the heat treatment.

All three qualitative (color) tests examined showed discrepancy in the results. More
specifically, test A recognized all raw milk samples as non-pasteurized but did not recognize
five of the samples pasteurized with the HTST method (both goat and camel milk samples
and one sheep milk sample) and six of the samples pasteurized with the LTLT method
(both goat, camel and donkey samples). Both B and C tests recognized all pasteurized
milk samples with both methods but failed to recognize some raw milk samples as non-
pasteurized: three raw samples for the B test (one goat and both donkey samples) and the
same samples plus one of the camel milk samples for the C test. In total, donkey, goat and
camel milk samples gave the most discrepant results. Especially concerning for the public
health is the failure to detect ALP activity in not sufficiently pasteurized or raw milk, as in
the cases of these three types of milk in our study. Consequently, these test kits for non-cow
milk should be performed with caution, since they may contribute to the characterization
of unsuitable samples as safe for the consumer, especially in the case of donkey, camel and
goat milk.

Regarding kits that perform quantitative determination, it is noted that acceptable
values for pasteurized samples should be lower than 350 mU/L, except goat and sheep milk
where values of 300 and 500 mU/L, respectively, were considered the limits in our study, as
proposed by EFSA. From the three tests, test E gave the most accurate results, even though
the values estimated in this kit were the lowest compared to the other tests. However, it
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could not detect the raw donkey milk as non-pasteurized. The D and F tests had difficulty
recognizing HTST sheep and goat milk (one of the samples in each case). The greatest issue
was demonstrated regarding the camel samples: test E was the only one that could recognize
HTST and LTLT pasteurization of this type of milk. Both D and F tests showed a high ALP
activity in both camel milk samples and in both pasteurization methods.

The buffalo milk seems to respond satisfactorily with all the tests, qualitatively and
quantitatively. It was the only type of milk with completely valid results in all tests; as
reported before, the activity of ALP in buffalo milk is similar to cow milk. According to
Lombardi et al. [16], buffalo milk ALP exhibits maximal inactivation sensitivity at 60 ◦C
and is completely inactivated at 70 ◦C.

Regarding camel milk, this study demonstrates that most commercial ALP kits cannot
be used as pasteurization indicators. As reported in the introduction, previous studies
demonstrated that the ALP reduction rate after several hours of heat-treating camel milk
was minimal and that the enzyme was almost not inactivated. In our study, only the B
qualitative test and the E quantitative test gave accurate results in both camel milk samples.
Regarding camel milk, the scientific team of Wernery et al., in 2008 [14], also found that ALP
could not be a reliable indicator of its pasteurization. This is due to the higher temperature
required for the total deactivation of the enzyme compared to that applied during the heat
treatment of milk. They suggest, as an alternative, the study of other enzymes, such as
galactoperoxidase (POD) or γ-glutamyl transferase, as they seem to be more valid. This was
also observed in the experiments conducted in our laboratory with the various commercial
kits. In the camel milk samples analyzed quantitatively, ALP values were elevated in D
and F tests. Moreever, of the qualitative determination kits, camel milk is not shown to be
sufficiently pasteurized by the A test for both the HTST and LTLT pasteurized samples.

As we have described in a previous section, horse milk has, in general, the same
characteristics as donkey milk, with similar activity of ALP enzymes contained in both. In
a study by Marchand et al. [18] on the kinetics of ALP in horse milk, it was shown that its
ALP cannot be a reliable indicator of pasteurization of said milk. Furthermore, low levels
(<0.2%) of raw milk contamination in the pasteurized product cannot be detected due to
these low endogenous levels of equine ALP and the consequent detection limitations of the
method. Therefore, even though it is considered pathogen-free milk, the use of ALP as an
indicator cannot be guaranteed. However, it could be exploited if the reference method
was 200-fold more sensitive (e.g., by increasing the incubation time and/or using more
sensitive substrates) [18]. Malissiova et al. [19], reported that it seems that ALP cannot
be considered as a valid indicator for donkey milk safety in relation to pathogens as it
becomes inactivated in lower temperature and time combinations in comparison to the
classical pasteurization conditions.

In agreement with the above, selected qualitative and quantitative determination kits
in the present study were not found to be suitable for donkey milk, showing it as free of
ALP, even when it had not undergone pasteurization. Quantitative Tests D and F were the
only ones with valid results in all scenarios.

Concerns arise regarding the use of ALP commercial kits in sheep and goat milk as well.
Regarding goat milk, all qualitative tests had at least one false result, the most concerning
being the inability to recognize raw goat milk as non-pasteurized. In quantitative tests, the
results were more acceptable with only one false positive result near the limit in an LTLT
goat sample. In sheep milk samples, qualitative tests were more accurate with only one
false doubtful result in an HTST-treated sample. Regarding quantitative results, two false
positive results on HTST-treated samples add more concerns with respect to whether the
rise of the limit to 500 mu/L for sheep milk as proposed by EFSA is enough, or more data
should be collected from more sheep milk samples worldwide to evaluate the use of ALP
activity as a pasteurization indicator in this type of non-cow milk.

In conclusion, the above available ALP activity detection kits as it has been shown
through these preliminary data are not suitable for all milk species. As proposed by EFSA
and the scientific community [1,20], it is important to carry out further studies and collect
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more data on various species types of milk in order to evaluate the validity of various
ALP limits or the validity of some other enzyme indicators more suitable for indicating
appropriate pasteurization in non-cow milk.
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8. Dumitraşcu, L.; Stănciuc, N.; Stanciu, S.; Râpeanu, G. Inactivation kinetics of alkaline phosphatase from different species of milk
using quinolyl phosphate as a substrate. Food Sci. Biotechnol. 2014, 23, 1773–1778. [CrossRef]

9. Klotz, V.; Hill, A.; Warriner, K.; Griffiths, M.; Odumeru, J. Assessment of the colorimetric and fluorometric assays for alkaline
phosphatase activity in cow’s, goat’s, and sheep’s milk. J. Food Prot. 2008, 71, 1884–1888. [CrossRef] [PubMed]

10. Williams, D.J.; Nottingham, S.M. Suitability of a modification to the Aschaffenburg and Mullen alkaline phosphatase test for
goats’ milk: Collaborative study. Aust. J. Dairy Technol. 1990, 45, 21–23.

11. Anifantakis, E.M.; Rosakis, P.S. Alkaline phosphatase activity of sheep’s milk and some factors affecting it. Egypt. J. Dairy Sci.
1983, 11, 173–182.

12. Barbosa, M. Interest in controlling alkaline phosphatase activity in sheep and goat milks. Int. Dairy Fed. Spec. Issue 2005, 3,
117–127.

13. Lorenzen, P.C.; Wernery, R.; Johnson, B.; Jose, S.; Wernery, U. Evaluation of indigenous enzyme activities in raw and pasteurised
camel milk. Small Rumin. Res. 2011, 97, 79–82. [CrossRef]

14. Wernery, U.; Maier, U.; Johnson, B.; George, R.M.; Braun, F. Comparative study on different enzymes evaluating heat treatment of
dromedary milk. Milchwissenschaft 2006, 61, 281–285.

15. Sharma, R.; Ganguli, N. Purification and properties of reactivated alkaline phosphatase from buffalo milk. Milchwissenschaft 1974,
29, 79–84.

16. Lombardi, P.; Avallone, L.; d’Angelo, A.; Mor, T.; Bogin, E. Buffalo-milk enzyme levels, their sensitivity to heat inactivation, and
their possible use as markers for pasteurization. J. Food Prot. 2000, 63, 970–973. [CrossRef] [PubMed]

17. Salter, R.S.; Fitchen, J. Evaluation of a chemiluminescence method for measuring alkaline phosphatase activity in whole milk of
multiple species and bovine dairy drinks: Interlaboratory study. J. AOAC Int. 2006, 89, 1061–1070. [CrossRef] [PubMed]

http://doi.org/10.2903/j.efsa.2021.6576
http://www.ncbi.nlm.nih.gov/pubmed/33968255
https://www.izslt.it/bpractices/wp-content/uploads/2020/05/Sintesi-6.pdf
http://doi.org/10.1016/j.smallrumres.2006.09.006
http://doi.org/10.1017/S0022029900000935
http://doi.org/10.1016/j.smallrumres.2005.06.025
http://doi.org/10.1016/j.idairyj.2006.08.008
http://doi.org/10.1007/s10068-014-0242-x
http://doi.org/10.4315/0362-028X-71.9.1884
http://www.ncbi.nlm.nih.gov/pubmed/18810873
http://doi.org/10.1016/j.smallrumres.2011.01.014
http://doi.org/10.4315/0362-028X-63.7.970
http://www.ncbi.nlm.nih.gov/pubmed/10914671
http://doi.org/10.1093/jaoac/89.4.1061
http://www.ncbi.nlm.nih.gov/pubmed/16915846


BioTech 2022, 11, 39 11 of 11

18. Marchand, S.; Merchiers, M.; Messens, W.; Coudijzer, K.; De Block, J. Thermal inactivation kinetics of alkaline phosphatase in
equine milk. Int. Dairy J. 2009, 19, 763–767. [CrossRef]

19. Malissiova, E.; Alexandraki, M.; Manouras, A. Preliminary Data on the Suitability of Alkaline Phosphatase Use as Pasteurization
Indicator for Donkey Milk. Acta Vet. Eurasia 2022, 48, 153–155. [CrossRef]

20. Rankin, S.A.; Christiansen, A.; Lee, W.; Banavara, D.S.; Lopez-Hernandez, A. Invited review: The application of alkaline
phosphatase assays for the validation of milk product pasteurization. J. Dairy Sci. 2010, 93, 5538–5551. [CrossRef] [PubMed]

http://doi.org/10.1016/j.idairyj.2009.05.009
http://doi.org/10.5152/actavet.2022.21053
http://doi.org/10.3168/jds.2010-3400
http://www.ncbi.nlm.nih.gov/pubmed/21094726

	Introduction 
	Goat and Sheep Milk 
	Camel Milk 
	Buffalo Milk 
	Donkey Milk 

	Materials and Methods 
	Results 
	Microbiological Results 
	Qualitative Alkaline Phosphatase Test Results 
	Quantitative Alkaline Phosphatase Test Results 

	Discussion 
	References

