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AbstractAbstract

Chemiluminescent and Fluorometric methods are the recognized methods for detection 
of alkaline phosphatase, a heat susceptible enzyme used as a retrospective indicator for 
milk pasteurization.  Proficiency test data collected from official state laboratories 
indicated that the chemiluminescent method may be more sensitive versus the
fluorometric method.  However, there are no phosphatase reference standards for 
comparison.  Chemiluminescent, fluorometric and fast chemiluminescent assays were 
compared in this study.  Cow whole, cow skim, goat, sheep and chocolate milks, and 
light cream were laboratory pasteurized and fortified with raw milk to attain 
phosphatase levels in the range of 20 to 5000mU/L.  At 250-500 mU/L, levels that 
bracket the 350 mU/L action level, triplicate average results from the 
chemiluminescent methods were more positive than fluorometric method as listed: cow 
milk 2-10%; goat milk 11-77%; sheep milk 5-34%; skim milk 23-79%; chocolate milk 
4-22%; and light cream 4-71%.  Across the 20 to 5000 mU/L range, fast 
chemiluminescent method data was similar to the approved chemiluminescent method 
and linear correlation among the data from various methods was observed, except for 
chemiluminescent scintillation analyzer data which read at higher levels.  The data can 
be used to develop conversion factors to make the mU/L readings of the various 
methods comparable. 

IntroductionIntroduction
Alkaline phosphatase is a heat sensitive enzyme in raw milk used as thermal marker for 
pasteurization.  The FDA and ISO approved methods to detect presence of alkaline 
phosphatase utilize fluorometric or chemiluminescent substrates that are photo-
activated in presence of alkaline phosphatase1, 2.  The US and EU regulations specify 
that the pasteurized dairy products may contain less than 350 mU/L alkaline 
phosphatase3, 4.  Preliminary work1,2 as well as the data from the proficiency test from 
US official laboratories5 indicate that the chemiluminescent method may have a 
positive bias relative to the fluorometric method at the action level of 350 mU/L.  A 
faster chemiluminescent method that is easier to calibrate has also been developed that 
could further simplify alkaline phosphatase determination.  The scope of the study is to 
evaluate the approved chemiluminescent and fluorometric methods in a number of 
dairy matrices and to compare a new chemiluminescent method (Fast Alkaline 
Phosphatase- FAP) to the existing methods.
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Materials and MethodsMaterials and Methods
Laboratory controls for pasteurized milk products were prepared according to FDA 
2400 series6 Forms (heat treated at 95°C for 1 min) from whole milk, skim, chocolate, 
cream, sheep and goat milk.  The pasteurized samples were spiked with the same 
species raw milk to attain various levels of residual alkaline phosphatase.  Bovine and 
sheep milks were spiked with 0.5%, 0.065%, 0.03125%, 0.0155%, 0.0078%, 0.0039%, 
0.002% and 0.001% of raw milk and goat milk was spiked with 5%, 0.65%, 0.3125%, 
0.155%, 0.078%, 0.039%, 0.02% and 0.01% of raw goat milk.  The added raw milk 
approximated a range of 20 – 7000 mU/L enzyme units for residual alkaline 
phosphatase activity in the spiked samples. The raw milk-spiked samples were 
analyzed by Fluorophos Test System (Advanced Instruments, Inc., Norwood, MA) and 
various Charm Sciences, Inc., (Lawrence, MA) chemiluminescent methods (PasLite™
with novaLum™, PasLite™ using Charm 6600/C2Soft© analyzer and FAP™ with 
novaLum™).  Instrument calibrations and analysis of samples were performed 
according to FDA 2400 series and/or the manufacturer’s instructions.   The alkaline 
phosphatase activity at each level of spiking was compared by normalizing to the 
fluorometric value (Chemiluminescent mU/L / Fluorometric mU/L*100).

ResultsResults
Tables 1-6 list the alkaline phosphatase activities detected by the various methods for 
the raw milk spiked milks and milk products.  The normalized values to demonstrate 
the variance of the chemiluminescence methods compared to the fluorometric method 
are also presented. The normalized data show equivalence or a chemiluminescent 
positive bias at the spike levels that bracket the actionable level of 350 mU/L and 
higher. At concentrations less than 350 mU/L and greater than 50 mU/L results were 
generally ±40% which can be considered equivalent based on the published r and R 
values for the methods with the exception of some FAP values with skim milk that were 
biased more positively. The residual enzyme activities were dependent on the type of 
milk as well as the detection method. 

ConclusionsConclusions
1. Chemiluminescent assays showed consistent positive bias when the residual alkaline phosphatase 

activities were compared in various types of milk (at levels bracketing the action level) by 
fluorometric and chemiluminescent methods.

2. Based on the data, a coefficient could be developed for equivalent comparisons of residual 
alkaline phosphatase activity in pasteurized milk products at the actionable levels of 350 mU/L.

3. The new FAP chemiluminescent method compares similarly to the PasLite™ with novaLum™
chemiluminescent method across the range of matrices and spike levels.

Table 1. Alkaline Phosphatase measurements of raw cow milk spiked into whole milk using 
fluorometric and chemiluminescent methods and the normalized difference of the chemiluminescent 

method using the fluorometric value.

---3100<10Negative
35.4%-16.4%-13.5%311920230.002
-28.1%-10.5%-2.8%313942440.0039
-28.0%-16.2%-1.4%495767680.0078
-9.8%-10.6%-1.6%1171161271290.0156
10.6%2.2%5.4%2762552632500.03125
41.5%1.5%10.2%7225185625100.0625

125.6%-6.7%12.2%88173647438439080.5
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Table 2. Alkaline Phosphatase measurements of raw cow milk spiked into skim milk using 
fluorometric and chemiluminescent methods the normalized difference of the chemiluminescent 

method using the fluorometric value. 

---1900<10Negative
---272318<100.002

119.0%125.1%78.2%485039220.0039
6.9%86.9%40.0%5710075530.0078

26.4%80.7%31.8%1402001461110.0156
29.5%60.9%23.4%2893592752230.03125
78.8%40.5%26.0%8596756054810.0625
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Table 3. Alkaline Phosphatase measurements of raw goat milk spiked into whole goat milk using 
fluorometric and chemiluminescent methods the normalized difference of the chemiluminescent 

method using the fluorometric value.

---2300<10Negative
-32.0%-73.8%-53.4%23916340.02
-39.2%-11.3%-39.2%304330490.039
-14.6%32.1%-13.3%639864740.078
-14.9%34.8%4.3%1081711321270.156
-6.0%66.5%18.6%2113732662240.3125
11.6%83.3%27.1%4567485194080.625
208.9%102.8%32.5%93486138401030265.0
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Table 4. Alkaline Phosphatase measurements of raw sheep milk spiked into whole sheep milk using 
fluorometric and chemiluminescent methods and the normalized difference of the chemiluminescent 

method using the fluorometric value.

---360935Negative
-58.9%-73.6%-34.9%281844680.002
4.7%-37.7%-10.3%985884940.0039
20.9%-6.6%11.9%1841421711520.0078
26.8%5.8%28.0%3402843432680.0156
80.7%22.9%33.7%9046146685000.03125

216.2%35.4%36.9%2999128412999490.0625
1195.0%48.5%50.3%8711299871010867270.5
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Table 5. Alkaline Phosphatase measurements of raw cow milk spiked into 2% chocolate milk using 
fluorometric and chemiluminescent methods and the normalized difference of the chemiluminescent 

method using the fluorometric value.

---4610<10Negative
---381611<100.002

45.9%9.4%138.7%443372300.0039
-0.3%22.8%-25.8%556741550.0078
17.1%28.1%-16.5%117128841000.0156
-13.2%13.2%-7.8%1772311882040.03125
29.3%41.5%3.7%5285784234080.0625
165.3%21.9%2.6%88584071342733390.5
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Table 6. Alkaline Phosphatase measurements of raw cow milk spiked into light cream using 
fluorometric and chemiluminescent methods and the normalized difference of the chemiluminescent 

method using the fluorometric value.

---180033Negative
---1800440.002

-30.0%-43.8%-80.1%393111550.0039
-37.3%-26.2%-41.6%586954930.0078
-19.2%31.7%-5.9%1071751251330.0156
57.4%47.1%56.5%3343123322120.03125
4.1%69.8%70.5%4617537564430.0625

517.2%77.3%73.8%196195635552631790.5
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Shaded samples bracket the action level of 350 mU/L


