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Dairy quality strategies start at the beginning of a raw milk supply chain at farm level, but it is the obligation of
the manufacturer at a dairy processing plant to ensure quality is upheld from intake to finished product. This is
achieved by implementing robust quality systems, measured through sampling plans and analytical test methods.
Influences on product quality and composition, and analytical test results within a dairy plant are multi-factorial
including: seasonality; the quality of incoming milk and herd health; the level of skilled laboratory technicians;
the level of production and the availability of equipment; and finally milk harvesting, transportation and
handling. These factors, along with customer and regulatory requirements will determine the level and type of
analytical testing required. In the dairy industry, manufacturers oftentimes pay little attention to the need for
optimising analytical test strategies or improving laboratory operations, if it is not broken why fix it? The focus of
this qualitative research was to differentiate the core current analytical test methods in use at three dairy
manufacturing plants for the production of raw milk, skim milk and cream and skim milk powder (SMP). The
main objective being to inform and educate each producer on best practice methods. Results displayed simi
larities across testing categories but demonstrated a range of traditional testing methods in the microbiological
analysis compared to advanced instrumentation use in the chemical and compositional analytical category. The
dairy industry needs to adapt to a modern, process focused quality system using industry 4.0 analytical pro
cessing regimes.

1. Introduction
Modern day dairy processing has seen considerable advancements in
equipment and various techniques to develop product in the most effi
cient and sustainable way possible with a large emphasis placed on
reduced energy and waste (Welch & Mitchell, 2000; Sousa et al. 2016;
Poyatos-Racionero et al. 2018). In addition to advancements in dairy
processing, innovative analytical test techniques and rapid methods of
analysis, have paved the way for dairy manufacturers to produce safe,
high quality food products. The “farm to fork” concept refers to a system
whereby food production, processing, distribution and consumption are
integrated to enhance clarity for the consumer (Campanhola and Pandey
2019). To ensure high yield and exceptional quality (Trienekens &
Zuurbier, 2008), quality systems in any food industry must be estab
lished from raw materials right through to finished product (Aung &
Chang, 2014), through optimised quality systems (Santos-Fernández
et al. 2014). This is achieved through analytical testing and sampling
strategies (Truchaud et al. 1997) which are governed by legislative and

regulatory guidelines and standards, and also driven by customer
requirements.
An imperative part of any quality system are laboratory quality
standards and methods, by both customer and regulatory requirements
(Barbé et al. 2017). Standard methods are determined by regulators to
guide dairy processors in producing product to meet specific customer
and legislative requirements (Burke, Southern, et al., 2018) (Burke,
Zacharski, et al., 2018) and analytical tools to investigate foods are
continually evolving to allow for more rapid, sensitive analysis (Ram
aswamy et al. 2019) (Zacharski et al. 2016).
The use of spectroscopy methods have been traditionally effective in
assessing quality attributes in dairy products (Nawrocka & Lamorska,
2013), infrared (IR), near-infrared (NIR), mid-infrared (MIR) and
Raman spectroscopy methods for example, have allowed for fast quan
titative analysis on the composition of dairy products. Fourier-transform
infrared (FTIR) spectroscopy being the most commonly used in dairy
processing (Nawrocka & Lamorska, 2013). However, FTIR has seldom if
ever been shown to effectively measure milk microbial quality reliably.
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Most standard methods are developed by national standards bodies
through ISO (International Standards Organisation) for example, how
ever alternative methods of analysis may be used in place of standard
methods, but must be validated by accredited organisations such as
AOAC International (Association of Official Agricultural Chemists).
Furthermore an alternative method must be validated against a standard
method, for example direct microscopic count for Somatic Cell Count
(SCC) in raw milk (ISO 2008a) Vs fluoro-opto-electronic methods (ISO
2006) or the application of mid FTIR to liquid milk (ISO 2013). It is the
responsibility of the dairy manufacturer to ensure the analytical method
chosen to assess food samples meets legal requirements and best practice
is followed.
The analysis of a dairy product involves three simple actions,
collection of a representative sample, sample preparation and finally
analysis using appropriate methods and equipment. Analytical results
are never more reliable than the sampling technique and although these
activities are independent of each other, they can have significant in
fluences on each other. Analysis is carried out on finished product and
processes within a dairy setting. Sampling can be randomised, rota
tional, by attributes or by variable sampling (Barbosa-Cánovas et al.
2005) and it is essential to clearly define the population that is to be
sampled in order to obtain a true analytical result. The production of
high quality product is the pinnacle in ensuring how one organisation
can differentiate from its competitors.
Quality systems and analytical testing regimes, in particular within
the dairy industry, are rarely measured or evaluated to ensure their
effectiveness. Additionally, the effects a quality system can have on
process, product and environmental optimisation are also rarely
assessed. More often than not, when issues arise within these categories,
be it product downgrades, contamination or processing issues, man
agement can spend too much time focusing improvement efforts on the
symptoms of problems rather than on the causes.
The objective of this study was to compare and contrast the analyt
ical test methods used by three dairy manufacturing plants across a
twelve-month period. This study focused on test methods and equip
ment. A comparison of sampling and calibration methods were not
included, but were carried out in accordance with (ISO 707, 2008), and
manufacturers requirements respectively. This study evaluated the
chemical, compositional and microbiological analytical test methods
associated with the processing of raw milk, skim milk and cream, and
skim milk powder (SMP). The aim of the study was to identify oppor
tunities for improvements and to inform each company of best practice
methods to optimise laboratory procedures.

spreadsheets based on product categories. Analytical test methods for
each product were categorised based on chemical and compositional
tests and microbiological test with each corresponding reference method
applied. Each plant carries out sampling and analysis at various pro
cessing points and on finished product, and this can occur hourly
throughout a time-dependent production period. Sampling is carried out
in accordance with International Standard, Milk and Milk Products:
Guidance on Sampling (ISO 707, 2008).
2.3. Equipment validation methods
All analytical test equipment used by each of the three plants is
validated and calibrated as per equipment contract requirements and
legislative requirements. Equipment validation methods confirm that
the analytical technique utilised for a specific test is suitable for its
projected use. For the purpose of this research, an analysis of calibration
methods have been excluded.
3. Results
3.1. Raw milk
Analysis of raw milk was similar across Plants A & B. The chemical
and compositional analysis methods are presented in Table 1. Plant C
evaluates raw milk at an off-site laboratory therefore they were not
included in the following collation. A process that is not common as yet
in the dairy industry due to additional costs. This might change due to
demand for independent verification of milk and dairy products quality.
The only variation evident in this category was the use of equipment for
compositional evaluation (Table 1). Plant A use the Bentley Dairyspec
combi© flow cytometry © (FC) equipment, while Plant B use Delta
lactoscope© FTIR equipment. An essential aspect of the integrity of the
instruments output is the calibration of the equipment. It is fundamental
to ensure the instruments reading is close to the value given by the
reference method. Different instruments have different calibration sys
tems, therefore no specific procedure is given through the reference
method listed in Table 1 (ISO 5764, 2009). Each plant refers to the
manufacturers requirements on calibrating the equipment. Microbio
logical test regimes were similar between Plants A and B on raw milk
intake (Table 2). The most significant difference observed in this cate
gory was the enumeration of total bacterial counts (TBC) between Plant
A and B. Plant A utilise a Bentley bactocount machine to assess TBC’s in
milk samples, while Plant B use a traditional pour plate method.
Furthermore, Plant A assess raw milk samples for thermoduric bacteria
while Plant B do not (Table 2).

2. Materials and methods
2.1. Site descriptions

Table 1
Chemical and compositional tests on raw milk.

In this study, three large dairy manufacturing plants (A, B and C)
were investigated and data were collected, collated and analysed across
one production year (2018). All three plants process raw milk from local
suppliers in accordance with EU regulations, (EC) 852/2004 on the
hygiene of foodstuffs (EU 2004), the health rules of milk-based products
EC 92/46 (EU 1992), together with a collection of EU food control
packages, in particular the microbiological criteria for foods (EC) No
2073/2005 (EU 2005) and on contamination and residue levels, (EC)
1881/2006 (EU 2006) and (EC) 2377/1990 (EU 1990) (EEC, 2003).
Each plant processes in excess of 200 million litres of milk annually and
manufacture a variety of dairy products, including butter, cheese and
various milk powders.

Test
Chemical
Acidity

Added Water
Compositional:
Fat
Protein
Lactose

2.2. Sampling and data analysis

Total Solids

The data were amalgamated from a laboratory information man
agement system (LIMS) and SOP’s (Standard Operating Procedures)
used by each plant, and combined in Microsoft Office Excel®

Plant A

Plant B

Titratable Acidity
AOAC validated
Resazurin
(BS 4285–4 1991)
Cryoscope
(ISO 5764, 2009)
Bentley Dairyspec ©

Titratable Acidity
AOAC validated
Resazurin
(BS 4285–4 1991)
Cryoscope
(ISO 5764, 2009)
Delta Lactoscope FTIR©

AOAC validated
Bentley Dairyspec ©
AOAC validated
Bentley Dairyspec ©
AOAC validated
Bentley Dairyspec ©
AOAC validated

(ISO 9622, 2013)
Delta Lactoscope FTIR©
(ISO 9622, 2013)
Delta Lactoscope FTIR©
(ISO 9622, 2013)
Kruss refractometer ©
AOAC validated

AbbreviationsISO – International Standards Organisation; FTIR - Fouriertransform infrared; AOAC – Association of Official Analytical Chemists.
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Table 2
Microbiological tests on raw milk.

Table 4
Microbiological tests on cream and skim milk.

Test

Plant A

Plant B

Test

Plant A

Plant B

Plant C

Antibiotics

Charm Rosa Test®
Delvo Test
Bentley Dairyspec Combi ©
AOAC validated
Bentley Bactocount ©
AOAC validated
Oculer Technology
(ISO, 16297)

Charm Rosa Test®
Delvo Test
Delta Somascope©
(ISO 13366-2, 2006)
Pour plate method
(ISO 4833-1, 2013)
N/A

TBC

Pour plate
(ISO 4833-1,
2013)
Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 6611,
2004)
N/A

Pour plate
(ISO 4833-1,
2013)
Pour plate
(ISO 4832, 2015)

Bacillus cereus

Pour plate
(ISO 4833-1,
2013)
Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 4832,
2015)
Petri film
(ISO 6611,
2004)
N/A

Streptococcus

N/A

N/A

Thermophiles

N/A

N/A

Enterobacteriaceae

Pour plate
(ISO 21528,
2004)
N/A

N/A
N/A

N/A

N/A

SCC
TBC
Thermoduric Bacteria

Coliforms
Escherichia coli

Abbreviations: SCC – Somatic Cell Count; AOAC- Association of Official
Analytical Chemists; ISO – International Standards Organisation; TBC – Total
Bacterial Count; N/A – Not Applicable.

Yeast/Moulds

3.2. Cream and skim milk
Analytical tests for chemical and compositional components were
identical between plants A and B (Table 3). Plant C only carry out
microbiological analysis on cream and skim milk (Table 4), therefore
they have also been omitted for this collation. The reasoning for which
will be discussed further in the discussion section.
Variation was evident between plants with regards to microbiolog
ical analysis on cream and skim milk (Table 4). Plant C carried out a
wider range of microbiological analysis than plants A and B. The ma
jority of microbiological analysis was carried out using pour plate
methods with the exception of Plant A using a Petrifilm™ for the
enumeration of yeast/moulds. Petrifilm™ has been validated as an
alternative for aerobic counts by the international American Public
Health Association (Nelson et al. 2013).

Staphylococcus aureus
Sulphur Reducing
Bacteria

Compositional:
Fat
Protein
Lactose
Total Solids

Pour plate
(ISO 6888, 2003)
Pour plate
(ISO 15213, 2003)

Plant A

Plant B

Titratable Acidity
(ISO 6091, 2010)
Merck test strips©
pH meter

Titratable Acidity
(ISO 6091, 2010)
Merck test strips©
pH meter

Delta Lactoscope©

Delta Lactoscope©

(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)

(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)
Delta Lactoscope©
(ISO 9622, 2013)

Test

Plant A

Plant B

Plant C

Acidity

Titratable Acidity
(ISO 6091, 2010)
Spectrophotometer
GEA (2009)
Oven Method
(ISO 5537, 2004)
Leco (Dumas)
(ISO 14891, 2002)
ADPI Method

Titratable Acidity
(ISO 6091, 2010)
Spectrophotometer
GEA (2009)
Dickey John
(ISO 5537, 2004)
Dickey John
(ISO 8968-3, 2007)
ADPI Method

Titratable Acidity
(ISO 6091, 2010)
Spectrophotometer
GEA (2009)
Oven Method
(ISO 5537, 2004)
Kjedahl
(ISO 8968-1, 2014)
ADPI Method

ADPI (1990)
ISO Method
(ISO 8156, 2005)
Tap Density
(ISO 8967, 2005)
Gravimetric
Method
(ISO 1736, 2008)

ADPI (1990)
ADPI Method
(ISO 8156, 2005)
Tap Density
(ISO 8967, 2005)
Gravimetric
Method
(ISO 1736, 2008)

ADPI (1990)
ADPI Method
(ISO 8156, 2005)
Tap Density
(ISO 8967, 2005)
Gravimetric
Method
(ISO 1736, 2008)

WPN
Moisture
Protein
Scorched
Particles
Solubility
Density
Fat

Table 3
Chemical and compositional tests on cream and skim milk.

Nitrates/Nitrites
pH

Pour plate
(ISO 7932, 2004)
Pour plate
(CCFRA 2.7.1
2007, p.1)
Pour plate
(ISO 27265 2009)
Pour plate
(ISO 21528, 2004)

Table 5
Chemical and compositional tests on skim milk powder.

No variation was displayed across the chemical and compositional
testing strategies on finished SMP. Differences were visible however,
among methods and equipment applied, particularly for protein anal
ysis. Plant A use a Leco machine, a Dumas method, Plant B use a Dickey
John GAC III® analyser for a block-digestion method, while Plant C use
a Kjedahl machine for a crude protein calculation (Table 5).
Finally, the analytical test matrix for microbiological sampling on
SMP was similar across all three plants. Variation was visible between
the plants for the enumeration of yeast and moulds and Staphylococcus
aureus, where plants A and B use a 3M™ petri film in place of a pour
plate method, as used by Plant C. Furthermore, Plant C displayed a
smaller test matrix for microbiological assessments in comparison to
Plants A and B (Table 6). Reasoning for this will be deliberated in the
discussion section.

Test

N/A

Abbreviations: TBC – Total Bacterial Count; ISO – International Standards
Organisation; N/A – Not Applicable; CCFRA – Campden & Chorleywood Food
Research Association.

3.3. Skim milk powder (SMP)

Chemical
Acidity

Pour plate
(ISO 4832, 2015)

AbbreviationsWPN – Whey Protein Nitrogen; ISO – International Standards
Organisation; ADPI – American Dairy Products Institute; GEA – Global Engi
neering Alliance.

4. Discussion
This study aimed to compare and contrast the analytical test
methods, quality standards and equipment in use among three Irish
dairy manufacturing plants. Data were collected and categorised for raw
milk, skim milk and cream, and skim milk powder (SMP) for one pro
duction year (2018). Analytical test matrices were grouped based on
core chemical, compositional and microbiological analysis. The overall
objective being to identify disparities for optimisation to improve the
quality system and laboratory operations.
The key to any quality system is to measure and monitor both
product and process in a proficient way as possible, to produce safe,

AbbreviationsISO – International Standards Organisation.
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However, it is heavily time-consuming for use on raw milk samples.
Laboratory turnaround time (TAT) is an essential key performance in
dicator (KPI) (Burke, Southern, et al., 2018). Using quicker methods
such as flow cytometry (FC) or infrared (IR) techniques will save on TAT,
labour, cost of consumables and time to result. Also in this category, it
was noted Plant A, test incoming samples for thermoduric bacteria and
some milk buyers are introducing thermoduric testing for payment.
Thermoduric bacteria counts and indicate poor hygiene practices at
farm level. However this test is not widespread as yet.
The test matrices for cream and skim milk again were similar across
Plants A and B for chemical and compositional analysis. Both plants use
a Delta lactoscope©, an FTIR analyser, (Table 3). Plant C does not carry
out in-process chemical and compositional testing due to process con
trol. In the event of loss of process control, evident in final product,
corrective action procedures are implemented and testing is applied.
More often than not, sampling and analysis within a dairy processing
setting is product rather than process-driven. Research suggests, how
ever, optimised process validation can reduce test frequencies and give
the manufacturer confidence in the product they are producing. Colla
tion of the microbiological test matrices shows evident variation across
the three plants (Table 4). Plants A and B again had a similar test matrix,
while Plant C displayed an extended sampling strategy for microbio
logical analysis. In general, Plant C’s quality systems are process-driven
rather than product-driven.
No variation was visible across all plants for chemical and compo
sitional analysis on SMP, except for the analysis of protein (Table 5). All
three plants utilise different equipment and standard methods, Plant A
use standard method (ISO 14891, 2002), while Plant’s B and C use two
different versions of the standard method (ISO 8963–1/ISO 8963–3).
Plant A, use a routine method of combustion according to the Dumas
principle. Plant’s B and C use similar methods, a crude protein calcu
lation based on the Kjeldahl principle and a block digestion method
respectively. The difference between Kjeldahl and Dumas methods have
been widely researched (DeVries et al. 2017; Thompson et al. 2002). The
Dumas method determines total nitrogen including inorganic matter
while Kjeldahl determines only organic nitrogen (Müller, 2017). In
terms of analytical reliability and faster time-to-result, the Dumas
method would be the more desirable method for milk powder protein
analysis.
Finally, for microbiological enumeration on SMP, little variation was
evident across the three test matrices. All three plants follow the same
standard methods. Plant A uses a rapid Petrifilm™ method for the
analysis of yeast/moulds (RYM) while plant B use a Petrifilm™ for the
analysis of Staphylococcus aureus. There are many Petrifilm™ plate
systems e.g. aerobic counts, Coliform counts, E.coli/coliform. Using
Petrifilm™ in place of a pour plate method would display no significant
difference in results. However, Petrifilm™ eliminates the need to pre
pare media and plate therefore reducing labour time and cost of labo
ratory consumables (Souza et al. 2015).
This study further highlights the need for rapid microbiological test
methods to reduce time and cost in the dairy laboratory setting. It also
emphasises the necessity for continuous revision of quality standard
methods. Dairy processing has significantly changed in modern times in
comparison with historic analytic methods that are still being used. They
work but are time consuming, labour and consumable intensive.

Table 6
Microbiological tests on skim milk powder.
Test

Plant A

Plant B

Plant C

Antibiotics

Delvotest®
(ISO 13969, 2003,
p.13,969)
Pour Plate
(ISO 4833-1, 2013)

Delvotest®
(ISO 13969,
2003)
Pour Plate
(ISO 4833-1,
2013)
N/A

Pour plate
(ISO 21528,
2004)
Pour plate

Delvotest®
(ISO 13969,
2003)
Pour Plate
(ISO 4833-1,
2013)
Pour plate
(CCFRA 2.7.1
2007)
Pour plate
(ISO 7937,
2004)
Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 6888,
2003)
Pour plate
(ISO 6611,
2004)
Pour plate
(ISO 7932,
2004)
Pour plate
(ISO 27265,
2009)
Pour plate
(ISO 21528,
2004)
Pour plate

(ISO 15213,
2003)

(ISO 15213,
2003)

TBC
Streptococci spp.

N/A

Clostridium

Pour plate
(ISO 7937, 2004)

N/A

Coliform

Pour plate
(ISO 4832, 2015)

Escherichia coli

Pour plate
(ISO 4832, 2015)

CPS

Pour plate
(ISO 6888, 2003)

Yeast/Moulds

Petri film
(ISO 21527–1,
2008)
Pour plate
(ISO 7932, 2004)

Pour plate
(ISO 4832,
2015)
Pour plate
(ISO 4832,
2015)
Petri film
(ISO 6888,
2003)
Pour plate
(ISO 6611,
2004)
Pour plate
(ISO 7932,
2004)
N/A

B. cereus
Thermophiles

Pour plate
(ISO 27265, 2009)

Enterobacteriaceae

Pour plate
(ISO 21528, 2004)

Sulphur reducing
bacteria

Pour plate
(ISO 15213, 2003)

Abbreviations: TBC – Total Bacterial Count; CPS Coagulase positive Staphylo
coccus; N/A – Not applicable; ISO – International Standards Organisation.

high-quality product. This is achieved through robust analytical test
matrices determined by both regulatory bodies and customers.
Depending on the targeted food system, the processing environment and
equipment capabilities, each product will require specific test matrices.
Powdered milk, for use in infant formula and medicinal formulations,
will require a stringent microbial test matrix (Kent et al. 2015), while
exported milk products may require certain tests to be carried out using
particular equipment and standards in accordance with a particular
country. All three plants manufacture similar dairy ingredients from raw
cow milk supplied by local farmers. The analytical test matrix for raw
milk was the first parameter categorised and compared. Plant’s A and B
both intake raw milk on-site. Plant C was omitted from this grouping due
to testing milk off-site. Results demonstrated similar analysis across both
categories (Tables 1 and 2). The analysis of raw milk upon intake at all
dairy plants is heavily legislated. Milk must be free from antibiotic
residues and be of high quality. Furthermore, manufacturers pay their
suppliers based on high-quality milk, e.g. fat, protein and lactose con
tents and the level of total bacterial counts (TBC) and somatic cell counts
(SCC) will determine milk levies. Therefore little variation across this
category was expected. The most significant observation in the raw milk
category was the difference in how both plants enumerate for total
bacterial counts (TBC’s). Plant A use a Bentley Bactocount©, a fully
automated flow cytometer that can analyse up to 150 samples per hour.
Plant B use a traditional pour plate method (ISO 4833–1 2019), whereby
a colony count is obtained after utilising a pour plate technique and
incubating at 30 ◦ C under aerobic conditions for 72 h. This is an
accepted method for TBC analysis on product downstream from intake.

5. Conclusion
This study qualitatively assessed and compared the analytical test
methods and standards across three dairy manufacturing plants. This
research has provided each of the dairy manufacturing plants with the
ability to re-assess their test matrices, particularly on in-process analysis
across all categories. Finally, this study presents an opportunity for other
dairy manufacturing plants to compare their analytical test methods to
industry best practice.
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