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ABSTRACT

Consumer perception of organic cow milk is associ-
ated with the assumption that organic milk differs from
conventionally produced milk. The value associated
with this difference justifies the premium retail price for
organic milk. It includes the perceptions that organic
dairy farming is kinder to the environment, animals,
and people; that organic milk products are produced
without the use of antibiotics, added hormones, syn-
thetic chemicals, and genetic modification; and that
they may have potential benefits for human health.
Controlled studies investigating whether differences ex-
ist between organic and conventionally produced milk
have so far been largely equivocal due principally to the
complexity of the research question and the number of
factors that can influence milk composition. A main
complication is that farming practices and their effects
differ depending on country, region, year, and season
between and within organic and conventional systems.
Factors influencing milk composition (e.g., diet, breed,
and stage of lactation) have been studied individually,
whereas interactions between multiple factors have
been largely ignored. Studies that fail to consider
that factors other than the farming system (organic
vs. conventional) could have caused or contributed to
the reported differences in milk composition make it
impossible to determine whether a system-related dif-
ference exists between organic and conventional milk.
Milk fatty acid composition has been a central research
area when comparing organic and conventional milk
largely because the milk fatty acid profile responds
rapidly and is very sensitive to changes in diet. Con-
sequently, the effect of farming practices (high input
vs. low input) rather than farming system (organic
vs. conventional) determines milk fatty acid profile,
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and similar results are seen between low-input organic
and low-input conventional milks. This confounds our
ability to develop an analytical method to distinguish
organic from conventionally produced milk and provide
product verification. Lack of research on interactions
between several influential factors and differences in
trial complexity and consistency between studies (e.g.,
sampling period, sample size, reporting of experimental
conditions) complicate data interpretation and prevent
us from making unequivocal conclusions. The first part
of this review provides a detailed summary of individ-
ual factors known to influence milk composition. The
second part presents an overview of studies that have
compared organic and conventional milk and discusses
their findings within the framework of the various fac-
tors presented in part one.

Key words: organic milk, milk composition, pasture,
milk fatty acid

INTRODUCTION

Composition of bovine milk is influenced by many
factors related either to the individual animal or to the
animal’s environment. Elements such as diet (Ferlay
et al., 2008; Larsen et al., 2010), breed (Soyeurt et al.,
2006; Palladino et al., 2010), individual animal genet-
ics (Soyeurt et al., 2008), stage of lactation (Craninx
et al., 2008; Stoop et al., 2009), management (Coppa
et al., 2013), and season (Heck et al., 2009), as well
as the interactions between them (Macdonald et al.,
2008; Piccand et al., 2013; Stergiadis et al., 2013), af-
fect milk composition, with many of the mechanisms
behind these effects not fully understood. Therefore,
when attempting to study the effect of one specific fac-
tor (e.g., diet) on cow milk composition, it is necessary
to eliminate other influences. Those factors that cannot
be eliminated must be accounted for and their effects
considered and minimized.

Currently, there is no evidence that consumption of
organic food leads to meaningful nutritional benefits
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for human health (Forman et al., 2012; Zalecka et al.,
2014). Studies purportedly comparing organic and con-
ventionally produced milk are rife with complications.
To be able to determine whether organic milk differs
from conventionally produced milk, all factors that
influence milk composition must be identical except for
the factors that specifically define the farming system
(organic or conventional). If more than the system fac-
tor varies between compared milk samples, it is difficult
to determine whether results derive from the differences
between the farming systems or are the consequence
of other factors. Recent reviews (Magkos et al., 2003;
Dangour et al., 2010; Guéguen and Pascal, 2010; Smith-
Spangler et al., 2012) remarked on the lack of “true”
comparison in studies evaluating organic and conven-
tionally produced foods (including milk and dairy prod-
ucts). Many studies comparing organic and convention-
ally produced milk are inadequate in their discussion
of the factors actually causing the results they present.
Commonly, factors that could have contributed to the
reported differences (between organic and conventional
milk) have not been considered (e.g., differences in diet,
breed, and animal health). Most studies proclaiming
a comparison of organic and conventional milk used
diets that varied in their amount of fresh forage and
concentrate for organic and conventional cows, respec-
tively. Consequently, the presented results are most
likely related to the effect of the differences in diet,
rather than to the fact that cows consumed organic or
conventionally produced feed. On the contrary, studies
that identify specific production differences for organic
and conventional milk (e.g., higher amount of pasture
in the diet of organic cows) fail to consider the influ-
ence of the farming system (organic or conventional)
on their results (Palupi et al., 2012). Additionally, com-
parisons among studies are problematic because it is
difficult to account for any number of variables, includ-
ing sampling conditions (e.g., frequency of sampling,
time of sampling, samples taken from individual cows
vs. bulk milk vs. multiple farms), inherent differences
in farming systems between regions, levels of input, and
even regulatory differences in conventional and organic
production between nations.

Regulations regarding organic dairy farming, al-
though similar in principle, vary in detail (Table 1)
between countries (e.g., pasture access and use of an-
tibiotics). Therefore, heterogeneity of organic regula-
tions may contribute to the variation in organic milk
composition between countries.

The problems outlined above account for the inability
of previous studies to reach a consensus on whether com-
positional differences exist between organic and conven-
tionally produced dairy foods. Consequently, comparison
of research studies should be undertaken with the aware-
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ness that study-specific factors can have a significant
effect on animal production and milk composition and
might have contributed to reported differences.

This review focuses on the chemical composition of
bovine milk and summarizes the variety of different
milk components that have been analyzed in regard
to their quantitative and qualitative presence in or-
ganic and conventionally produced milk. It also aims
to show how different milk components are influenced
by a variety of individual factors and their interactions,
and how the resulting variations can be perceived as
differences between organic and conventional milks. It
reinforces that these factors need to be considered when
evaluating existing studies or designing comparative
experiments. Variations within organic and conven-
tional production methods have also created differences
that have so far prevented development of a method
to test the authenticity of organic milk products. A
brief discussion of proposed tests to identify organically
produced products is also included.

FACTORS THAT INFLUENCE MILK COMPOSITION

Numerous and varied factors influence milk yield and
composition that, ideally, should be controlled when
conducting a trial examining factors that may change
milk composition. These factors can seem relatively
minor, but they could account for a significant amount
of variation. A study conducted by Roche et al. (2009)
between 1995 and 2001 showed that the combined influ-
ence of weather, herbage quality, and herbage mineral
concentration explained up to 22% of the variation in
dairy cattle production. In a different trial, Roesch et
al. (2005) compared cow performance from organic and
integrated farming systems and found that milk yield
positively correlated with breed (especially Holstein),
concentrate feeding, routine teat dipping, and greater
outdoor access during winter independent of the sys-
tem. They concluded that lower milk yields (in organic
and integrated cows) are a result of the individual ani-
mal and on-farm level factors such as breed, nutrition,
management, and udder health. A study by Waiblinger
et al. (2002), investigating 30 small, family-run dairy
farms, suggested that milk production was lower on
farms where management had negative attitudes to-
ward interacting with cows during milking. Various
factors that influence milk yield, as well as fat, protein,
and lactose concentrations, at the farm and individual
animal levels are compiled in Table 2.

The factors considered most influential, however,
vary depending on study conditions and aims. Stage
of lactation, for example, can be neglected when bulk
milk samples are collected from a farm with an all-year-
round calving system, but it becomes significant when
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Table 1. Country-specific regulations for organic dairy farming in regard to pasture access, forage feeding, and use of antibiotics

Country

Pasture access

Forage feed

Antibiotics use

Regulation

United States

Canada

European
Union

Japan

New Zealand

Australia

Grazed for 120 d per year

Pasture access during grazing
season

Pasture access for grazing
whenever conditions allow

Pasture access, no less than
twice a week

Ruminants must be grazed
throughout the grazing season
150 d

Grazing of animals in natural/
rangeland areas is considered
part of an organic production
system

During grazing season, 30% of total forage
intake must come from pasture.

During grazing season, 30% of total forage
intake must come from pasture.

60% of DM in daily rations consists of
hay, fresh/dried fodder, or silage.

60% of DM in daily rations consists of
hay, fresh/dried fodder, or silage.

A reduction to 50% for a maximum period
of 3 mo in early lactation is allowed.

Feeds other than fresh or dried fodder or
silage are less than 50% of the average
feed intake, in dry weight.

For herbivores, a minimum of 50% of feed
must come from pasture.

Producer must not sell, label, or
represent as organic any edible
product derived from any animal
treated with antibiotics.

Milk withdrawal time.”

Animals that require more than 2
treatments® shall undergo a 12-mo
transition period.

Milk withdrawal time.”

When animals that require more than
3 treatmemts,3 or more than 1 course
of treatment if productive lifecycle is
<1 yr, the produce derived from the
animal may not be sold as organic.
Prescribed drugs or antibiotics

are used only when therapy with
veterinary drugs other than these is
not effective.

Use of synthetic allopathic veterinary
drugs or antibiotics will cause the
animal to lose its organic status.
After treatment with allopathic
veterinary drugs or antibiotics, the
products can be marketed as organic
or bio-dynamic after a minimum
management period of 180 d.

Organic foods production act
provisions 2014 (US Government
Printing Office, 2014)

Organic Production Systems
General Principles and Management
Standards 2011 (Canadian General
Standards Board, 2011)*

Guidance document on European
Union organic Standards 2010
(Department for Environment Food
and Rural Affairs, 2010)"

Japanese Agricultural Standard for
Organic Livestock Products, 2005
(Ministry of Agriculture Forestry
and Fisheries)"

AsureQuality Organic Standard
For Primary Producers, 2013
(AsureQuality, 2013)°

National Standard for Organic
and Bio-Dynamic Produce, 2013
(Organic Industry Standards and
Certification Committee, 2013)"

'Organic livestock standards for producers are compulsory.

*Milk withdrawal time = at least 30 d or twice the specific medication’s withdrawal period, whichever is longer.
STreatments = combined parasiticides and antibiotics per year.
*Organic livestock standards for producers are voluntary.

PSeveral organic livestock standards, which are voluntary and chosen by farmer according to their organic production style.
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milk samples of individual animals are taken or when
block calving is practiced (Nantapo et al., 2014). As
major influences are accounted for and controlled (e.g.,
cows in one trial are all of one breed, with similar ge-
netics, at the same stage of lactation, fed similar diets),
previously minor factors (e.g., pasture composition)
become more important.

Analysis and (potential) alteration of milk FA com-
position are key areas of dairy research because of
the rapid response of FA profile to changes in diet.
Other factors influential for milk FA composition are
breed, energy status, stage of lactation, udder health,
and season. The latter predominantly reflects altera-
tions in diet, especially when these are rich in forage.
Chemical and botanical composition of fresh forages
varies throughout the seasons, and conservation for hay
or silage affects the nutritional value of forages. The
seasonal transition of dairy cows from outdoor graz-
ing to indoor housing and the accompanying change
in diet can be observed in milk composition (Larsen et
al., 2010; Kuczyniska et al., 2012). The effects of breed
and season on milk fat composition are summarized in
Table 3, and the effects of different forages on milk FA
are listed in Table 4.

CONVENTIONAL VERSUS ORGANIC MILK:
MAIN COMPONENTS

Milk Yield

Despite the existence of highly specialized, grassland-
based, organic farms with cows producing more than
9,000 kg of fluid milk per year (Muller-Lindenlauf et
al., 2010), milk production from organically reared cows
is lower, on average, than that from conventional cows
(Sundberg et al., 2009). These differences are significant,
with organic herds achieving 85% (range: 72 to 91%)
of the yields recorded for conventional herds (Bilik and
Lopuszanska-Rusek, 2010; Miiller and Sauerwein, 2010;
Stiglbauer et al., 2013). Decreased production under or-
ganic management can be traced to lower energy intake,
through either less concentrate feeding (Garmo et al.,
2010; Stiglbauer et al. 2013) or lower energy content
in forages from organic systems. This is exemplified by
Gruber et al. (2001), who conducted a 6-yr study with
nearly identical diets for organic and conventional cows.
They demonstrated that milk yields per cow and year
were identical for both herds, but milk production per
area grazed was reduced in the organic herd because of
lower DM yields from organic pasture and, therefore,
lower stocking rates per hectare. Consequently, diets
similar in composition and ME content had the same
effect on milk production, independent of whether the
farming system was organic or conventional.
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Milk Fat Content

Results of research studies examining the fat con-
tent in organic and conventional milks are ambivalent.
Zagorska and Ciprovica (2008) and Anacker (2007)
found increased fat content in organic milk, whereas
trials undertaken by Sundberg et al. (2009), Hanus
et al. (2008b), and Kuczynska et al. (2012) observed
higher fat percentage in conventional milk. Samples
of retail milk collected during October and November
2006 in the United States showed no significant dif-
ference for fat percentage between the 2 milk varieties
(Vicini et al., 2008). This result might be due to the
federal standards for butterfat content for fluid milk
products. Miiller and Sauerwein (2010) analyzed bulk
milk samples of 35 organic and 33 conventional farms
during 2002 and 2004 and reported similar amounts
of milk fat between the 2 farming systems. Reasons
for the reported differences can be diverse, with only
a few publications mentioning potential causes. Higher
fat concentration in milk from organic compared with
conventional farms could have been caused by a prefer-
ence for non-Holstein breeds in organic herds (Nauta
et al., 2009), resulting in a higher number of Jersey
and other breeds (Palladino et al., 2010). An increase
in starch-based concentrates has been associated with
a decline in milk fat concentration. Greater amounts
of starch-based concentrates are commonly associated
with diets of conventionally farmed dairy cows com-
pared with organic cows (Rosati and Aumaitre, 2004),
because organic farming regulations restrict the usage
of concentrates. Alternatively, an increase in milk fat
percentage in milk from conventional farms may indi-
cate a diet enriched with fat supplements (Vyas et al.,
2012; Lock et al., 2013). A negative energy balance,
predominantly found during the early stages of lacta-
tion and the winter period in low-input organic cows
(Trachsel et al., 2000), might also affect fat percentage
in milk (Gross et al., 2011). Additionally, a higher par-
ity average (Craninx et al., 2008), variations in herita-
bility (Soyeurt et al., 2007), and genotype (Coleman et
al., 2010) can all be reflected in milk fat percentage.
One result of inadequate descriptions of experimental
trials is that conclusions from these studies need to be
interpreted cautiously. Table 5 compiles several studies
in which organic and conventionally produced milks
have been compared concerning their fat, protein, and
lactose contents and lists the reported causes, as pro-
posed by the authors, for any differences.

Milk Fat—Individual FA

The effect of bovine milk fat on human health cannot
generally be described as favorable or unfavorable, and
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Table 2. Summary of factors influencing milk yield, fat, protein, and lactose concentrations’

Factor Milk yield Reference Fat % Reference Protein % Reference Lactose % Reference
Altitude Higher in Bartl et al. (2008)
highland vs.
lowland
Breed Higher in Roesch et al. Higher in Jersey =~ Maurice-Van Highest in Maurice-Van Higher in Brown  Carroll et al. (2006)
Holstein vs. (2005) vs. DF, MRY, Eijndhoven et al. Jersey, lowest Eijndhoven et Swiss vs. Jersey
Simmental and GWH (2011) in DF al. (2011)
Higher in HF vs.  Palladino et al. Higher in Ramalho et al. Higher in Palladino et al.
Jersey (2010) Minhota vs. HF ~ (2012) Jersey vs. HF (2010)
Higher in HF Carroll et al. Higher in Jersey Palladino et al. Higher in Croissant et al.
vs. Jersey and (2006) vs. HF (2010) Jersey vs. (2007)
Brown Swiss Holstein
Higher in Jersey  Croissant et al. Higher in Carroll et al.
vs. Holstein (2007) Brown Swiss (2006)
vs. Holstein
Fertilizer Lower with Hermansen
higher N et al. (1994);
application Mackle et al.
(1996)

Grazing Higher if Abrahamse et al. Higher for Abrahamse et al. Higher if Abrahamse et NS Abrahamse et al.
allocation allocation every (2008) allocation every  (2008) allocation every al. (2008) (2008)
(frequency) day vs. every fourth day vs. fourth day vs.

fourth day every day every day

Grazing high Positively Miller et al. Positively Roche et al.
sugar grasses correlated (2001) correlated (2009)

Grazing Lower vs. Coleman et al. NS Coleman et al. NS Croissant et Unknown Coleman et al.
pasture concentrate (2010) (2010) al. (2007); (2010)

Coleman et al.
(2010)
Lower vs. TMR  Croissant et al.
(2007)
Genotype Higher in High Coleman et al. Higher in High Coleman et al. Higher in High  Coleman et al. Higher in High NZ Coleman et al.
NA vs. High NZ  (2010) NZ vs. High NA  (2010) NZ vs. High (2010) vs. High NA and ~ (2010)
and Low NA? and Low NA NA and Low Low NA
NA
Higher in NA9O Macdonald et al. Higher in NZ90  Macdonald et al. Higher in NZ90 Macdonald et Higher in NZ90 Macdonald et al.
than NZ90* (2008) than NA90 (2008) than NA90 al. (2008) than NA90 (2008)
Heritability Correlated Soyeurt et al. Correlated Soyeurt et al. Correlated Soyeurt et al.
(2007) (2007) (2007)

Management Positively Waiblinger et al.
attitude correlated (2002)

Parity Higher Roesch et al. Higher Craninx et al.

(2005); Craninx (2008)
et al. (2008)
Season Minimum in Heck et al. (2009);  Minimum in Heck et al. Minimum in Heck et al. (2009)
summer Larsen et al. summer (2009) autumn
(2012); Stergiadis
et al. (2013)
NS Larsen et
al. (2012);
Stergiadis et al.
(2013)
SCC Negatively Maréchal et al. Negatively Ballou et al. Negatively Auldist et al.
correlated (2011) correlated (1995) correlated (1998)

Continued
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high-genetic-merit North American Holstein-Friesian; high N7 = high-genetic merit New

’Low NA = national average-genetic-merit North American Holstein-Friesian; high NA

Zealand Holstein-Friesian.

SNZ90 = a 1990s high Breeding Worth Holstein-Friesian of New Zealand origin; NA90 = a 1990s high Breeding Worth Holstein-Friesian of North American origin.
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the biological function of each FA should be considered
separately (Arnold and Jahreis, 2011). However, much
research is currently focused on trying to alter milk FA
composition to create a FA profile that is considered
more desirable for human health. Two common ap-
proaches are to influence milk FA composition through
dietary changes or to genetically select cows with a more
preferable milk FA profile (Bilal et al., 2012). A low
ratio of n-6 to n-3 FA, for example, is beneficial for hu-
man health. Typically, the amount of n-6 FA in Western
diets is too high, with possible negative consequences
(e.g., cardiovascular disease, cancer, and inflammatory
and autoimmune diseases; Simopoulos, 2003). Current
recommendations regarding the dietary ratio of n-6:n-3
FA target 1:1 or 2:1, but even a 4:1 ratio was found to
have a positive effect on asthma patients (Simopou-
los, 2003) and decreased mortality in patients with a
previous myocardial infarction (Simopoulos, 2010). The
n-6:n-3 ratio in bovine milk essentially describes the
concentrations of linoleic acid (LA) versus a-linolenic
acid (ALA), as they represent the most abundant n-6
and n-3 FA. Forage is rich in ALA, whereas cereals
(e.g., barley, maize, oats, and soybean) contain higher
amounts of LA (Khiaosa-Ard et al., 2010). A lower n-
6:1n-3 ratio is therefore indicative of a forage-based diet.

The concentrations of individual FA in milk fat
are influenced by cow breed (Croissant et al., 2007),
stage of lactation (Craninx et al., 2008; Nantapo et al.,
2014), genetics (Soyeurt et al., 2008), and diet. Diet
is especially relevant when comparing concentrate-fed
and pasture-based systems. Milk FA composition in
pasture-based systems is, additionally, subject to sea-
sonal variations that influence the quantity and quality
of available forages. Specific characteristics of forage
diets have been widely studied. Adler et al. (2013), for
example, compared long-term and short-term grassland
management. The pasture composition on long-term
organic farms showed a lower proportion of legumes
(Fabaceae) and a higher proportion of other dicotyle-
don families compared with short-term organic farms.
Differences in FA composition in milk from 2 organic
systems were found for C9:0 to C12:0 and explained by
the differences in pasture composition. Similarly, Baars
et al. (2012) observed significant differences for C4:0 to
C11:0 FA in milk samples from cows fed hay of pasture
or hay of ley. This exemplifies how minor dietary dif-
ferences can affect milk FA composition. Variation in
milk FA composition between different breeds has been
documented by several researchers. Maurice-Van Eijnd-
hoven et al. (2011) compared 4 cattle breeds (Dutch
Friesian, Meuse-Rhine-Yssel, Groningen White Headed,
and Jersey) in the Netherlands and found significant
differences in total fat percentage as well as in the con-
centration of short- and medium-chain FA (SMCFA),
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Table 3. Effect of breed and season on individual milk fatty acids’

Breed Season
Fatty acid? Effect Reference Effect Reference
Even-chain SFA
C4:0 (butyric acid) Higher for DF than MRY, GWH, Maurice-Van Eijndhoven et al. (2011) NS Palladino et al. (2010)
and Jersey
Higher for Brown Swiss than Jersey Carroll et al. (2006) NS, for herbage Larsen et al. (2010)
Higher in winter Revello Chion et al. (2010)
NS, spring or winter Rego et al. (2008)
Lower in winter with maize silage Larsen et al. (2010)
and by-products, NS with pasture
C6:0 (caproic acid) Higher for DF and MRY than for ~Maurice-Van Eijndhoven et al. (2011) NS Palladino et al. (2010)
GWH and Jersey
Higher for Jersey than Brown Swiss Carroll et al. (2006) NS, spring or winter Rego et al. (2008)
Higher in winter Revello Chion et al. (2010)
C8:0 (caprylic acid) Holstein lower than Jersey Croissant et al. (2007) Lower in summer Palladino et al. (2010)
NS, for herbage Larsen et al. (2010)
NS between Minhota and HF Ramalho et al. (2012) NS, spring or winter Rego et al. (2008)
Higher for DF and MRY than Maurice-Van Eijndhoven et al. (2011) Higher in winter Revello Chion et al. (2010)
GWH and Jersey
C10:0 (capric acid) Holstein lower than Jersey Croissant et al. (2007) Lower in summer Palladino et al. (2010)
Minhota lower than HF Ramalho et al. (2012) Higher in spring than winter Rego et al. (2008)
Lowest for GWH; highest for D Maurice-Van Eijndhoven et al. (2011) Higher in winter Revello Chion et al. (2010)
NS between Holstein, Jersey, and ~ Carroll et al. (2006)
Brown Swiss
C12:0 (lauric acid) Holstein lower than Jersey Croissant et al. (2007) Lower in summer Palladino et al. (2010)
Minhota lower than HF Ramalho et al. (2012) Higher in spring than winter Rego et al. (2008)
Higher for DF and MRY than Maurice-Van Eijndhoven et al. (2011) Higher in winter Revello Chion et al. (2010)
GWH and Jersey
NS between Holstein, Jersey, and ~ Carroll et al. (2006)
Brown Swiss
C14:0 (myristic acid) Higher for DF and MRY than Maurice-Van Eijndhoven et al. (2011) Lower in summer Palladino et al. (2010)
GWH and Jersey
Minhota lower than HF Ramalho et al. (2012) Higher in winter Revello Chion et al. (2010)
NS between Holstein, Jersey, and ~ Carroll et al. (2006) Highest in winter, lowest May to Kliem et al. (2013)
Brown Swiss July
C16:0 (palmitic acid) HF lower than Jersey Palladino et al. (2010) NS Palladino et al. (2010)
NS between Minhota and HF Ramalho et al. (2012) NS Revello Chion et al. (2010)
Lowest for GWH; highest for Jersey Maurice-Van Eijndhoven et al. (2011) May higher than August when Larsen et al. (2010)
lower content of lucerne
NS between Holstein, Jersey, and ~ Carroll et al. (2006) Higher in winter than spring Rego et al. (2008)
Brown Swiss
Highest in winter, lowest May to Kliem et al. (2013)
July
C18:0 (stearic acid) NS between Minhota and HF Ramalho et al. (2012) Higher in summer Palladino et al. (2010);
Revello Chion et al. (2010)
No difference for DF, MRY, GWH, Maurice-Van Eijndhoven et al. (2011) May and August lower than June Larsen et al. (2012)

and Jersey

NS between HF and Jersey

Palladino et al. (2010)

when lower content of chicory and
lucerne
NS, spring or winter

Rego et al. (2008)

Highest in June, lowest in OctoberKliem et al. (2013)

Continued
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Table 3 (Continued). Effect of breed and season on individual milk fatty acids'
Breed Season
Fatty acid® Effect Reference Effect Reference
Odd-chain SFA
C13:0 NS between Holstein, Jersey, and ~ Carroll et al. (2006) Lower in summer Palladino et al. (2010)
Brown Swiss
C15:0 Minhota higher than HF Ramalho et al. (2012) Lower in summer Palladino et al. (2010)
HF higher than Jersey Palladino et al. (2010) Higher in spring than winter Rego et al. (2008)
NS between Holstein, Jersey, and ~ Carroll et al. (2006) Higher in summer Revello Chion et al. (2010)
Brown Swiss
C17:0 NS between Holstein, Jersey, and ~ Carroll et al. (2006) NS Palladino et al. (2010)
Brown Swiss
Higher in spring than winter Rego et al. (2008)
Branched-chain FA
C13:0 iso Lower in summer Palladino et al. (2010)
C14:0 iso Higher in spring than winter Rego et al. (2008)
C15:0 iso Minhota higher than HF Ramalho et al. (2012) Higher in spring than winter Rego et al. (2008)
C15:0 anteiso NS between Minhota and HF Ramalho et al. (2012) NS, spring or winter Rego et al. (2008)
C16:0 iso Minhota higher than HF Ramalho et al. (2012)
C17:0 iso NS, spring or winter Rego et al. (2008) »
C17:0 anteiso Higher in spring than winter Rego et al. (2008) O
Unsaturated FA %
C14:1 c¢is-9 (myristoleic acid) NS between Holstein and Jersey — Croissant et al. (2007) Higher in winter Revello Chion et al. (2010) mi
NS between Minhota and HF Ramalho et al. (2012) g
HF higher than Jersey Palladino et al. (2010) m
C16:1 cis-9 (palmitoleic acid) Holstein higher than Jersey Croissant et al. (2007) Higher in winter than spring Rego et al. (2008) ;
Minhota higher than HF Ramalho et al. (2012) Higher in winter Revello Chion et al. (2010) 4
C18:1 trans-9 (elaidic acid) NS between Holstein, Jersey, and ~ Carroll et al. (2006) Higher in winter than spring Rego et al. (2008) .jz

C18:1 trans-10
C18:1 trans-11 (vaccenic acid)

C18:1 cis-9 (oleic acid)

C18:2 ¢is-9,12 (linoleic acid)

C18:2 cis-9,trans-11 (CLA)

Brown Swiss

NS between Holstein and Jersey
Higher in Holstein than Brown
Swiss

Holstein higher than Jersey

HF higher than Jersey

Higher in Brown Swiss than Jersey
and Holstein

Holstein higher than Jersey
NS between Holstein and Jersey

NS between Holstein, Jersey, and
Brown Swiss

HF higher than Jersey

NS between Holstein, Jersey, and
Brown Swiss

Palladino et al. (2010)
Carroll et al. (2006)

Croissant et al. (2007)
Palladino et al. (2010)
Carroll et al. (2006)

Croissant et al. (2007)
Palladino et al. (2010)
Carroll et al. (2006)

Palladino et al. (2010)
Carroll et al. (2006)

NS spring or winter

Rego et al. (2008)
Palladino et al. (2010)

Total trans 18:1 highest Aug/Sep/ Dunshea et al. (2008)

Oct

Higher in spring than winter
Higher in summer

NS

Higher in winter than spring
Lowest in May /lowest content of
chicory and lucerne

Higher in summer

Higher in summer

Highest in May/highest
concentration of red clover
Higher in summer

NS

Total cis/trans 18:2 highest
Aug/Sep/Oct

Higher in spring than winter
Higher in summer

Rego et al. (2008)

Revello Chion et al. (2010)
Palladino et al. (2010)
Rego et al. (2008)

Larsen et al. (2012)

Revello Chion et al. (2010)
Palladino et al. (2010)
Larsen et al. (2012)
Revello Chion et al. (2010)

Palladino et al. (2010)
Dunshea et al. (2008)

Rego et al. (2008)
Revello Chion et al. (2010)

Continued
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Season

Breed
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Reference Effect Reference
NS

Effect

Fatty acid®

Palladino et al. (2010)
Rego et al. (2008)

Higher in spring than winter

Palladino et al. (2010)
Carroll et al. (2006)

NS between Holstein, Jersey, and

NS between Holstein and Jersey
Brown Swiss

C18:3 ¢is-9,12,15 (a-linolenic acid)

Larsen et al. (2012)

Highest in May/highest

concentration of red clover,
lowest in white clover

Holstein-Friesian.

Groningen White Headed; HF =

Dutch Friesian; MRY = Meuse-Rhine-Yssel; GWH

DF =

vaccenic acid (VA) and CLA (C18:2 cis-9,trans-11).
Similar variations between breeds for milk fat concen-
tration and composition were observed by Ramalho
et al. (2012) and Carroll et al. (2006). Soyeurt et al.
(2007) analyzed data from 7,700 milk samples, from
25 herds, representing 7 cow breeds including Holstein-
Friesian and Jersey. They observed that heritabilities
for milk yield, milk protein, and fat percentages were
18, 28, and 32%, respectively. In addition, 20% of the
variability seen in milk fat composition, especially for
the most abundant FA in milk, was caused by genetics.
A summary of studies comparing milk FA composition
from different breeds is listed in Table 3. For most
conventional dairy farms, the effect of breed on milk
composition might be considered negligible because
Holstein is the dominant breed for dairying; however,
strain and genetic merit affect milk composition and
performance under specific farming systems differently
(Auldist et al., 2000; Nauta et al., 2009). Organic dairy
farmers prefer non-Holstein and mixed breeds, and gen-
eralizations are, therefore, less appropriate (Nauta et
al., 2006; Honorato et al., 2014).

Individual FA in cow milk derive from different
sources (e.g., diet, rumen, and mammary gland). A
better understanding of the origin of FA may help to
explain the variation observed between different milk
samples. Even-chain SFA with chain lengths from C4 to
C16 are produced de novo in the mammary gland from
acetic and butyric acids (Lindmark Mansson, 2008).
Odd- and branched-chain FA (OBCFA) are synthe-
sized by ruminal bacteria and influenced indirectly by
the diet, whereas long-chain FA (including C16:0) and
PUFA originate directly from feed. A large proportion
of PUFA is biohydrogenated in the rumen, with up
to 99% of ALA partially or completely hydrogenated
(Leiber et al., 2005). Conversely, a large proportion of
FA are desaturated in the mammary gland by A’-desat-
urase (Vlaeminck et al., 2006). The long-chain PUFA
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are converted endogenously from ALA in the
mammary gland but the conversion rate is low (Tu et
al., 2010). Small amounts of FA in milk can be derived
from adipose tissue of the animal. This occurs predomi-
nantly when the animal is in negative energy balance
and can be observed as an increased concentration of
oleic acid (C18:1 ¢is-9) in milk (Gross et al., 2011;
Loften et al., 2014).

Milk Protein Content

Protein concentration and composition in milk are
largely unresponsive to variations in nutrition and
management (Walker et al., 2004), whereas individual
cow genetics, stage of lactation, and breed significantly
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Table 4. Effect of different forages on individual milk fatty acids

Fatty acid

1
Increased in

Reference

Even-chain SFA
C4:0 (butyric acid)

C6:0 (caproic acid)
C16:0 (palmitic acid)

C18:0 (stearic acid)

Odd-chain SFA
C13:0
C17:0
Branched-chain FA
C14:0 iso
C15:0 iso
C15:0 anteiso

C16:0 iso

C16:0 anteiso
C17:0 iso

C17:0 anteiso
C18:0 iso

Unsaturated FA
C18:1 trans-9 (elaidic acid)

C18:1 trans-10

C18:1 trans-11 (vaccenic acid)

C18:1 cis-9 (oleic acid)

C18:1 cis-11
C18:2 ¢is-9,12 (linoleic acid)

C18:2 cis-9,trans-11 (CLA)

Alpine pasture vs. pasture
Pasture hay vs. grass silage
Pasture hay vs. grass silage
NS: WC or RC silage

Hay or grass silage vs. pasture
Maize silage vs. pasture
Pasture vs. grass silage

NS: WC silage or RC silage
RC silage vs. WC silage

Pasture hay vs. grass silage
Maize silage vs. grass silage

Pasture or hay vs. grass silage
Grass silage vs. maize silage
Grass silage vs. maize silage
Pasture hay vs. grass silage
Grass silage vs. maize silage
Pasture or hay vs. grass silage
Pasture hay vs. grass silage
Maize silage vs. grass silage
Pasture vs. hay

Maize silage vs. grass silage
Pasture or hay vs. grass silage
Grass silage vs. maize silage

Pasture vs. WC silage

Grass silage vs. WC and RC silage
Pasture vs. grass silage or hay
Maize silage

Maize silage vs. pasture

Pasture vs. grass silage or hay
Pasture vs. maize silage

Pasture vs. grass silage vs. hay
WC and RC pasture vs. maize silage
NS: grass or maize silage

Pasture

Pasture vs. grass silage

Pasture vs. hay

NS: grass silage vs. maize silage
WC pasture

Maize silage vs. fresh pasture
Pasture vs. grass silage or hay
Pasture

Collomb et al. (1999)

Baars et al. (2012)

Baars et al. (2012)
Steinshamn and Thuen (2008)
Villeneuve et al. (2013)
Croissant et al. (2007)
Elgersma et al. (2004)
Steinshamn and Thuen (2008)
Wiking et al. (2010)

Baars et al. (2012); Villeneuve et al. (2013)

Vlaeminck et al. (2006)

Villeneuve et al. (2013)
Vlaeminck et al. (2006)
Vlaeminck et al. (2006)
Baars et al. (2012)

Vlaeminck et al. (2006)

Baars et al. (2012); Villeneuve et al. (2013)

Baars et al. (2012)
Vlaeminck et al. (2006)
Villeneuve et al. (2013)
Vlaeminck et al. (2006)
Villeneuve et al. (2013)
Kliem et al. (2008)

Wijesundera et al. (2003); Elgersma et al. (2004)

Wiking et al. (2010)
Villeneuve et al. (2013)

Wijesundera et al. (2003); Kliem et al. (2008)

Kliem et al. (2008)
Villeneuve et al. (2013)

Elgersma et al. (2004); Slots et al. (2009)

Villeneuve et al. (2013)
Wiking et al. (2010)
Kliem et al. (2008)

Ellis et al. (2006); Croissant et al. (2007); Heck et al. (2009)

Elgersma et al. (2004)

Villeneuve et al. (2013)

Kliem et al. (2008)

Ellis et al. (2006)

Kliem et al. (2008); Slots et al. (2009)
Villeneuve et al. (2013)

Elgersma et al. (2004);

Croissant et al. (2007); Slots et al. (2009);
Heck et al. (2009); Prandini et al. (2009)
Ellis et al. (2006); Villeneuve et al. (2013)
Villeneuve et al. (2013)

Wiking et al. (2010)

Prandini et al. (2009)

Lourenco et al. (2008); Prandini et al. (2009);
Slots et al. (2009); Schroder et al. (2011)
Lourenco et al. (2008); Butler et al. (2011)
Steinshamn and Thuen (2008); Slots et al. (2009)
Ellis et al. (2006); Slots et al. (2009)

Pasture vs. grass silage
Pasture or grass silage vs. hay
RC and WC pasture vs. maize silage
Hay
C18:3 ¢is-9,12,15 (a-linolenic acid)  Pasture
RC pasture
RC pasture vs. WC silage
WC pasture or WC silage

RC silage Elgersma et al. (2006); Ellis et al. (2006); Slots et al. (2009)
Pasture vs. hay vs. grass silage Villeneuve et al. (2013)
Hay Slots et al. (2009)

"WC = white clover; RC = red clover.

affect the concentration of protein in milk (Maurice-
Van Eijndhoven et al., 2011). Increased amounts of
protein in conventional milk were observed by Bilik and
Lopuszanska-Rusek (2010) and Kuczynska et al. (2012),

as well as in trials conducted by Hanus et al. (2008b)
and Sundberg et al. (2010). Miller and Sauerwein
(2010) reported a tendency for conventional milk to
contain a higher concentration of protein. In contrast,
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Table 5. Differences in milk composition between organic and conventional produced milk

Milk compound Reference

Reported causes for differences in composition
between organic and conventional milk

Fat %
Increased in organic Zagorska and Ciprovica (2008)

Anacker (2007)

Butler et al. (2011)
Increased in conventional ~— Hanus et al. (2008a)
Sundberg et al. (2009)

Kuczynska et al. (2012)
Vicini et al. (2008)

Miiller and Sauerwein (2010)
Nauta et al. (2006)

NS

Protein %
Increased in organic
Increased in conventional

Vicini et al. (2008)
Bilik and Lopuszanska-Rusek (2010)

Kuczynska et al. (2012)
Anacker (2007)

Hanus et al. (2008a)

Sundberg et al. (2010)

Miiller and Sauerwein (2010)

Butler et al. (2011)
Nauta et al. (2006)

NS

Lactose %
Increased in organic
Increased in conventional

NS

Zagorska and Ciprovica (2008)
Kuczynska et al. (2012)°

Roesch et al. (2005); Nauta et al. (2006);
Bilik and Lopuszanska-Rusek (2010)

No comment on breed or diet specifics

No comment on breed or diet specifics; higher amount of green
fodder in the diet and use of clover silage in winter for organic herd
Differences in diet but no specifics'

Diet differences, all-year-round TMR for conventional cows, pasture
grazing for organic cows during summer

Preference for non-Holstein and mixed breeds in organic herds,
lower replacement rates in organic herds

Higher fiber intake

No comment on breed or diet specifics

No comment on breed or diet specifics

No comment on breed or diet specifics®

No comment on breed or diet specifics
Better energy balance in conventional cows, different fermentation
processes in rumen

Sugar-rich juicy feed for conventional cows, which stimulates
production of butyric acid used for protein synthesis®

No comment on breed or diet specifics, higher amount of green
fodder in the diet and use of clover silage in winter for organic herd
Diet differences, all-year-round TMR for conventional, pasture
grazing for organic during summer, energy and protein deficiency in
organic herd

Preference for non-Holstein and mixed breeds in organic, lower
replacement rates in organic herds. The interaction between

system and breed was found to significantly affect all milk yield
traits. Lower energy density in organic rations caused by limited
concentrate content

No comment on breed or diet specifics®

Differences in diet but no specifics’ )

No comment on breed or diet specifics®

Higher concentrations of sugars in grasses feed from organic farms

"Retail milk.

Data from 188 organic and 152 conventional dairy farms in the Netherlands collected between 1990 and 2004.

*During late pasture season.

‘Data from 35 organic and 33 conventional dairy farms from North Rhine-Westphalia in West Germany collected between 2002 and 2004.

5 . .
“During early indoor season.

Vicini et al. (2008) reported significantly increased
protein concentration in organic milk, compared with
conventional and recombinant bST-free milk (3.22 vs.
3.14 vs. 3.15% protein, respectively). Anacker (2007)
similarly observed higher protein concentrations in or-
ganic milk during monthly recordings on 2 conventional
and 1 organic farm over a 2-yr period (3.39 vs. 3.20%; P
< 0.001) in organic and conventional milk, respectively.
Milk protein concentration is positively correlated with
ME and, to a lesser extent, MP intake. Dietary starch
and CP interaction affects milk and protein yield and
concentration (Cabrita et al., 2007). Consequently,
supplementation with starch-based concentrates can
increase the rate of protein synthesis in the mammary
gland (Rius et al., 2010). Organic farming regulations
limit the use of supplements; therefore, lower protein
concentrations could be expected in milk from organic

farms. Higher protein concentrations in milk can be
expected in herds with New Zealand Friesian as the
dominant breed, compared with US Holstein cows on
a similar diet (Auldist et al., 2000). Different types of
forage or grains and fertilizer application rate can also
affect milk protein concentration. Moorby et al. (2009)
observed a decrease in milk protein concentration when
red clover silage was replaced with ryegrass silage,
whereas Vanhatalo et al. (2006) reported a reduction
in milk protein concentration when feeding oats rather
than barley. Lower concentrations of milk protein have
been reported when higher amounts of N fertilizer (240
kg of N/ha compared with none, and 150 compared
with 25 kg of N/ha) were applied (Hermansen et al.,
1994; Mackle et al., 1996). Consequently, differences in
intensification of grassland cultivation can affect milk
protein concentration.
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Table 6. Ratio of n-6:n-3 FA and PUFA:SFA in organic (Org) and conventional (Conv) retail milk from

different countries

n-6:n-3 PUFA:SFA
Country Org Conv Org Conv Reference
Denmark 4 8 — — Slots et al. (2008)
Sweden 1.88 2.11 0.06 0.05 Fall and Emanuelson (2011)
Switzerland 1.37 1.61 0.08 0.08 Collomb et al. (2008)
United Kingdom 1.51 2.54 0.06 0.05 Ellis et al. (2006)
United Kingdom 2.63 3.76 0.05 0.04 Butler et al. (2011)
United States 3.24 7.12 0.06 0.08 O’Donnell et al. (2010)
United States 2.28 5.77 0.05 0.06 Benbrook et al. (2013)

Milk Lactose Content

Lactose, the major carbohydrate of milk, maintains
the osmolarity of milk and is positively correlated with
milk volume (Shahbazkia et al., 2010). Mechanisms and
biology of lactose synthesis and regulation are the sub-
ject of ongoing research (Jenkins and McGuire, 2006).
The concentrations of the 2 proteins making up lactose
synthase, a-lactalbumin and (31,4-galactosyltransferase,
are positively correlated with milk protein, fat, and
lactose concentrations, and stage of lactation (Bleck et
al., 2009). The interaction of dietary starch and CP
can affect lactose concentration and yield (Rius et al.,
2010). Nevertheless, changes in lactose concentration
caused by dietary changes are less common and occur
only in extreme circumstances (Jenkins and McGuire,
2006). Studies on human milk showed no relationship
between lactose concentration and maternal nutrition
(Lonnerdal et al., 1976; Emmett and Rogers, 1997).
Lemosquet et al. (2009) found no link between whole-
body glucose rate of appearance and milk lactose
yield in dairy cows after duodenal infusion of glucose.
Similarly, the level of MP in the diet reportedly has
no effect on milk lactose percentage (Wang et al.,
2007). Stage of lactation (Walker et al., 2004) and SCC
(Forsbéck et al., 2010) affected the lactose content in
milk, whereas no difference in concentration of lactose
was detected between Holstein, Jersey, Brown Swiss,
and Ayrshire breeds (Bleck et al., 2009). Several pub-
lications reported no significant difference in lactose
contents between organic and conventionally produced
milk (Roesch et al., 2005; Nauta et al., 2006; Bilik and
Lopuszanska-Rusek, 2010); however, Kuczyfska et al.
(2012) observed differences in lactose concentration
between the 2 milk varieties after cows transitioned to
an indoor diet. No cause for this change was suggested.
Zagorska and Ciprovica (2008) reported variation in
lactose concentration between systems and suggested
that differences in diets were a possible cause.
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Summary of Main Components

Results reported for milk yield and fat, protein, and
lactose concentrations are inconclusive if considered
solely from the point of view of organic versus con-
ventional. Seemingly contradicting results (as listed in
Table 5) can be expected when individual trial results
are not put into context. Factors that influence milk fat
and protein concentrations need to be considered before
drawing conclusions on whether organic and conven-
tional milks are different in their chemical composition.
Individual trials need to report basic information on
cow breed and diet, along with any additional factors
that could be responsible for reported results (e.g., age,
SCC, stage of lactation, and fertilizer application).
Unfortunately, many authors fail to provide any indica-
tion of diet or breed used in their trials, although both
factors are well known to influence milk composition
(Toledo et al., 2002). Sundberg et al. (2010) demon-
strated that interactions between system and breed
were significant and affected all milk production traits,
including milk fat and protein yields, whereas Cabrita
et al. (2007) observed significant interactions between
dietary starch and CP that affected milk, protein, and
lactose yields and protein and lactose concentrations.
It is rather difficult, therefore, to reach a conclusion
about differences between organic and conventionally
produced milk for the main milk components if these
factors are unknown.

CONVENTIONAL VERSUS ORGANIC MILK:
FATTY ACIDS

Milk from Retail and Dairy Plants

Fatty acids are the most widely studied components
when comparing organic and conventional milk, with a
considerable amount of research focusing on FA com-
position. For this review, studies that analyzed milk
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Table 7. Fatty acid composition of organic and conventional retail milk

Fatty acid Increased in organic

Decreased in organic

Not significant

Even-chain SFA

C4:0 (butyric acid) O’Donnell et al. (2010)

C6:0 (caproic acid) O’Donnell et al. (2010); Butler et al.
(2011); Benbrook et al. (2013)
O’Donnell et al. (2010); Butler et al.
(2011); Benbrook et al. (2013)

Slots et al. (2008); O’Donnell et al.
(2010); Butler et al. (2011)

Collomb et al. (2008); Slots et al.
(2008); O’Donnell et al. (2010)

Slots et al. (2008); O’Donnell et al.
(2010); Butler et al. (2011);
Benbrook et al. (2013)

O’Donnell et al. (2010); Benbrook et
al. (2013)

Butler et al. (2011)

C8:0 (caprylic acid)
C10:0 (capric acid)
C12:0 (lauric acid)

C14:0 (myristic acid)

C16:0 (palmitic acid)
C18:0 (stearic acid)

Odd-chain SFA

C15:0 Collomb et al. (2008); O’Donnell et al.
(2010); Butler et al. (2011); Benbrook
et al. (2013)

C17:0 Collomb et al. (2008); O’Donnell et al.

(2010); Benbrook et al. (2013)
Branched-chain FA

C14:0 iso Collomb et al. (2008)

C15:0 iso Collomb et al. (2008)

C17:0 iso Collomb et al. (2008)

C17:0 anteiso Collomb et al. (2008); Vetter and
)

Schroder (2010
Unsaturated FA
C14:1 c¢is-9 (myristoleic acid) O’Donnell et al. (2010); Benbrook et
al. (2013)

C16:1 cis-9 (palmitoleic acid)

C18:1 trans-10
C18:1 trans-11 (vaccenic acid)

Collomb et al. (2008)

Bergamo et al. (2003); Collomb et
al. (2008); Prandini et al. (2009);
O’Donnell et al. (2010); Butler et al.
(2011)

C18:1 cis-9 (oleic acid)

C18:2 ¢is-9,12 (linoleic acid) O’Donnell et al. (2010)

C18:2 cis-9,trans-11 (CLA) Bergamo et al. (2003); Collomb et

al. (2008); Prandini et al. (2009);
O’Donnell et al. (2010); Butler et al.
(2011); Benbrook et al. (2013)
Bergamo et al. (2003); Molkentin and
Giesemann (2007); Collomb et al.
(2008); Slots et al. (2008); Prandini
et al. (2009); O’Donnell et al. (2010);
Butler et al. (2011); Benbrook et al.
(2013)

Molkentin and Giesemann (2007);
Collomb et al. (2008); O’Donnell et al.
(2010); Butler et al. (2011); Benbrook
et al. (2013)

C18:3 cis-9,12,15
(a-linolenic acid)

C20:5n-3
(eicosapentaenoic acid)

Collomb et al. (2008)

Butler et al. (2011)

Slots et al. (2008); Butler et
al. (2011)

Collomb et al. (2008);
O’Donnell et al. (2010)

Slots et al. (2008); Collomb
et al. (2008); O’Donnell et al.
(2010); Butler et al. (2011)
O’Donnell et al. (2010)

Collomb et al. (2008); Slots
et al. (2008); O’Donnell et
al. (2010); Benbrook et al.
(2013)

Bergamo et al. (2003);
Prandini et al. (2009); Butler
et al. (2011)

Slots et al. (2008); Butler et
al. (2011); Benbrook et al.
(2013)

Slots et al. (2008); Collomb
et al. (2008)

Collomb et al. (2008)

Collomb et al. (2008);
Benbrook et al. (2013)
Benbrook et al. (2013)

Collomb et al. (2008)

Collomb et al. (2008)

Slots et al. (2008); Benbrook
et al. (2013)

Collomb et al. (2008); Slots
et al. (2008); Butler et al.
(2011)

Benbrook et al. (2013)

Butler et al. (2011)

Collomb et al. (2008); Slots
et al. (2008)

Molkentin (2009)
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samples from retail outlets and dairy plants were con-
s 2 2 g sidered separately from those that observed individual
= g 5 g = & farms or animals. Retail samples represent a mixture of
g ;; 45 5 8 = milk from a wide variety of individual cows and farms.
= s = g % 8 This consequently “dilutes” the effect of each individual
€ g E 2 3 s g cow and of specific farm practices (Table 6). Extremes
js: I _% 5 S 3 g are, therefore, less significant (e.g., genetics, health, par-
g &£ &8 S & o ity and stage of lactation from individual cows; farm
specifics in diet, breed, drenching, and fertilizer appli-
- = 2 = cation). Nevertheless, regulations (e.g., food standards
S| B s S o and subsidies), geographical features (e.g., climate and
sEefl I H H H . . .
gl @ S altitude), and regional characteristics (e.g., local breeds
% = = and agricultural practices) affect milk FA composition
E oo L independent of the individual farm and the effects of
= o S £ S diet and cow breed used in a specific region. Kliem et
slal! o H A H al. (2013) analyzed conventional milk samples purchased
. § g § monthly from 5 retail outlets in an 8km radius in the
United Kingdom between November 2008 and October
% 2009. Significant differences in the FA profiles between
g . 8 8 g 8 =2 the supermarkets were observed and explained by the
§ < | 2 : £ j j j j different pools of milk suppliers, which likely originated
E § © g T a3 g from different geographical areas (Kliem et al., 2013).
g | g e e =2 e ° Not surprisingly, the comparison of several studies on
=l N 3 o oA o organic and conventional retail milk, as listed in Table
gl = w[S o S S S 2 6, showed inconsistent results for most even-chain SFA.
'*j <18 j = ﬁ g g ﬁ Therefore, no conclusions can be drawn as to whether a
E e s 2 g2 =z specific FA is more likely to be increased or decreased
= in the 2 milk varieties (organic or conventional). Results
E e a for OBCFA display greater agreement, but the num-
B | 2 S 2 2 2 ber of studies considering these is limited. Results for
S § + g H H H A MUFA and PUFA show greater consistency, and higher
= 38 5 = B8 5 concentrations of VA, CLA, ALA, and EPA in organic
é i = = T == milk have been reported independently of the country of
G “ 8 T 5 8 8 origin (United States, United Kingdom, Denmark, Ger-
g WS a2 e 22 many, Switzerland, and Ttaly), sampling season (Janu-
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S}) 2 S - s 28 3 3 as a direct result of regulations mandating that organic
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i § 2 5 = = (Department for Environment, Food and Rural Affairs,
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“1ig g T2 32333 1= impart health benefits to the consumer (Givens, 2005;
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*;5: f f - T amounts of individual FA (Table 7) and the ratios of
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g SlaBEss 8z @85 25X |0 lomb et al. (2008) reporting significantly higher values
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than the other studies. This can be explained by the
specific study conditions in the mountainous area of
Switzerland, which relied on a high-forage diet for both
organic and conventional cows. Kuczynska et al. (2011)
reported similar high PUFA:SFA ratios for cows on a
high-forage diet during the summer season.

Causes for the different trends of individual FA (e.g.,
SFA) between studies are variable but are largely influ-
enced by country and regional characteristics. O’Donnell
et al. (2010) reported higher amounts for all SFA in or-
ganic retail milk, except for C18:0 in the United States
during October and November 2006. Benbrook et al.
(2013) investigated milk FA composition in retail milk
with monthly collections from January 2011 to July
2012 in the United States. The results for all FA match
those from O’Donnell et al. (2010), but no significant
difference between the milk varieties was observed for
(C4:0, C10:0, and C18:0. The study from O’Donnell et
al. (2010) was undertaken before USDA organic stan-
dards came into effect in 2010, which mandated that
organic cows have access to pasture for 120 d/yr and
consume 30% of their DMI from pasture while graz-
ing. The change in milk FA between the 2 American
studies (O’Donnell et al., 2010; Benbrook et al, 2013)
might be an effect of the change in standards, but the
significant difference in study length also needs to be
considered. Butler et al. (2011) reported that samples
collected in England between August 2006 and January
2008 had lower amounts of C12:0 and C16:0 in organic
milk but no significant difference between the 2 milk
varieties for C4:0. The UK register of Organic Food
Standards (UKROFS) states that herbivores should
have a DMI consisting of at least 60% roughage, fresh
or dried fodder, or silage. This difference in standards
might explain the difference in FA composition between
organic and conventional milk in the United States and
United Kingdom. Organic and conventional bulk tank
milk from 3 dairies in Switzerland showed no significant
difference for SMCFA, except for C12:0, which was in-
creased in organic milk, and C4:0, which was higher
in conventional milk (Collomb et al., 2008). Slots et
al. (2008) sampled milk from Danish dairy plants and
observed that SMCFA were either increased in organic
milk or not significantly different between the 2 milk
types, with C16:0 being the exception. Collomb et al.
(2008) reported that although diets between organic
and conventional cows were not identical, both groups
obtained more than 80% of their DMI from grass (fresh
grass, grass silage, or hay), which might explain why
no differences for most SMCFA were found. This diet
differs significantly from the United States and United
Kingdom standards.

Apart from variances in forage type, amount, and
quality, differences in breeds or strains in the studies
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mentioned above are potential contributors to the dif-
ferences in milk FA profile reported between and within
organic and conventional milk samples. It is impossible
to determine the actual effect of the cow breed in
the presented studies, but their effect cannot be ex-
cluded. Collomb et al. (2008) reported Brown Swiss,
Swiss Fleckvieh, Simmental, and Red Holstein to be
the dominant breeds in the Swiss trial, whereas the
study from Butler et al. (2011) in the United Kingdom
excluded milk from minority breeds. Breed was not
mentioned by Slots et al. (2008) or O’Donnell et al.
(2010). Therefore, we can only assume that the circum-
stances in which these studies were undertaken reflect
conditions expected of these countries. Holstein is the
dominant breed in the United Kingdom, United States,
and Denmark, representing 95, 90, and 72% of all
dairy cows, respectively (Nygaard, 2007; Department
for Environment, Food and Rural Affairs, 2010), but
there is a trend toward non-Holstein breeds on organic
dairy farms (Roderick and Burke, 2004; Sundberg et
al., 2010; Benbrook et al., 2013). We can assume that
the percentage of Holstein cows in the dairy herd var-
ies between countries, as well as between organic and
conventional farm systems; consequently, this will influ-
ence the FA composition in milk.

Milk from Research Units and Dairy Farms

Studies researching the difference between organic
and conventional milk samples from a limited number
of animals and dairy farms are constrained in their
ability to conclude whether the 2 milk varieties differ
in general. Depending on the number of farms and ani-
mals involved, these studies need to take more factors
into account (e.g., animal genetic, individual manage-
ment, specific herd characteristics, and microclimate),
to avoid conclusions based on inter-herd or inter-animal
variation (Hou, 2011) rather than the farming system
(organic or conventional). The benefit of these studies
lies in their ability to measure and control influencing
factors and, consequently, characterize their effects.
Adler et al. (2013), for example, compared milk samples
from 28 organic and conventionally managed farms and
was able to explain the differences between the 2 milk
varieties in terms of pasture composition, FA profile in
concentrate, and seasonal variations. Differences in FA
profile between organic and conventional milk (among
others) were found for C18:0, C18:1 ¢is-9, ALA, EPA,
and DHA. Concentrations of C18:0 and C18:1 cis-9
were increased in concentrate feed for conventional
cows, which was reflected in conventional milk. The
same was seen for ALA in organic concentrate feed and
reflected in organic milk. Higher amounts of EPA and
DHA in organic milk are explained by the use of fish
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oil supplementation for organic cows. Other studies are
less conclusive in their reporting of (possible) causes for
their results. Butler et al. (2008) investigated 25 com-
mercial farms during the grazing period and classified
them into high-input (HI) conventional, low-input (LI)
organic, and LI conventional farms. Low-input organic
and conventional showed no significant differences for
VA, ALA, total SFA, MUFA, PUFA, or n-6:n-3 ratio.
For conventional HI farms, total SFA content was in-
creased, whereas total MUFA, PUFA, VA, ALA, and
CLA contents in milk were decreased compared with
milk from LI farms. This difference in concentrations
was even more pronounced for conventional LI farms
than for organic LI farms. The differences between HI
and LI farms in milk FA profile and the similarity be-
tween the 2 LI systems can be explained by the diet,
with both LI systems having more than 80% of their
diets as fresh forage compared with less than 40% for
the HI farm. In Butler et al. (2008), LI organic cows
had a larger part of their diet as conserved forages and
concentrates compared with LI conventional, which
might explain the significantly higher CLA concentra-
tion for LI conventional milk. A possible cause for the
higher proportion of fresh forage in the LI conventional
diet might be related to the application of phosphate
and nitrogen fertilizer on the LI conventional farm,
which might have resulted in higher DM yield com-
pared with the same area on organic LI farms. Anacker
(2007) studied 1 organic and 2 conventional farms for
consecutive years on a monthly basis and reported
higher amounts of C18:0, LA, CLA, ALA, and n-3
FA in organic milk, whereas no significant difference
was observed for C18:1 c¢is-9 or SFA between organic
and conventional milks. No dietary specifics were given
to explain these results, but organic cows had access
to green fodder and a maximum of 40% concentrate
in their diet. Furthermore, no chemical fertilizer or
pesticides were used on the organic farm. The higher
amounts of ALA and PUFA in organic milk could be
explained by the assumption of higher forage intake
for organic compared with conventional cows. Higher
values for n-3 FA and CLA (P = 0.067) in organic
bulk milk samples were also found by Bloksma et al.
(2008), who reported a higher intake of pasture and clo-
ver silage for organic cows, whereas conventional cows
consumed more concentrate and maize silage. Jahreis
et al. (1997) observed significantly greater amounts
of CLA in milk from organic and conventional farms
with pasture access in summer and a silage-rich diet
in winter compared with milk from conventional cows
kept indoors and fed cereal and maize silage. This was
explained by the higher amount of PUFA in fresh pas-
ture, leading to an increase in VA and CLA. Higher
amounts of CLA in milk from organic cows compared
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with forage (including pasture)-fed conventional cows
were explained by the differences in silage used during
the winter period. Organic cows consumed grass and
clover silages, which are rich in PUFA compared with
maize silage. It was also suggested that organic pas-
tures and silages contained a higher amount of crude
fiber, which could have influenced the composition of
the rumen microbiota (Jahreis et al., 1997). Ellis et al.
(2006) observed no significant difference between milk
varieties for CLA overall. This was explained by the
extended sample set of 36 farms, resulting in a wider
variation of CLA concentrations within farm systems
than in other studies, with individual farm factors
having a significant influence on CLA concentration.
Molkentin and Giesemann (2007) similarly reported a
large deviation in ALA concentration in organic milk,
caused by the larger variety of feed used, compared
with conventional farm management. Pasture grazing
led to a significantly increased CLA concentration in
milk compared with silage and TMR feeding. Ellis et
al. (2006) also demonstrated that pasture feeding, a
preference for mixed-breed herds, and herds with lower
milk yields are factors that significantly increased n-3
FA concentrations in milk. Consequently, several fac-
tors and their interactions have to be considered before
evaluating the difference between organic and conven-
tional milk.

CONVENTIONAL VERSUS ORGANIC MILK:
MINOR COMPONENTS

Vitamins and Antioxidants

Milk contains water and fat-soluble vitamins, and
several research studies have investigated whether
the concentrations of these essential nutrients differ
between organic and conventionally produced milk.
Several studies focused on vitamin A, its precursor
B-carotene, and a-tocopherol, a form of vitamin E.
As antioxidants, they are of interest to milk proces-
sors because they may prevent spontaneous oxidized
flavor in milk. A higher amount of PUFA, as com-
monly associated with organic milk, and the resulting
greater risk of oxidation makes it desirable to have
a greater quantity of antioxidants present in organic
milk. The contents of a-tocopherol and (3-carotene in
milk depend on the contents in the diet (Swensson and
Lindmark-Mansson, 2007; Mogensen et al., 2012). The
highest concentration of vitamins (a-tocopherol and
B-carotene) can be found in fresh forage. The loss of
vitamins occurs during wilting, ensiling, and storage,
affecting different crops (e.g., rye grass, clover, and
maize) differently (Kala¢, 2011; Blank et al., 2013).
Conserved or dried forages and cereals are considered a
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poorer source of a-tocopherol and (3-carotene compared
with fresh forage (Kay et al., 2005). However, results
on whether milk derived from a diet rich in fresh for-
ages (commonly organic) contains more 3-carotene and
a-tocopherol than milk from animals consuming larger
amounts of concentrates (commonly conventional) are
inconsistent, as concentrates can be supplemented with
vitamins. Butler et al. (2008) reported higher amounts
of a-tocopherol and (3-carotene in bulk milk samples
from organic and LI conventional farms compared with
milk from HI conventional farms. Higher concentrations
of a-tocopherol and (3-carotene in organic milk were
also reported by Bergamo et al. (2003) and Slots et
al. (2008). Slots et al. (2008) observed that the overall
difference in a-tocopherol concentration between the
2 milk varieties was less significant (P < 0.023) than
that for individual stereoisomers. The natural stereo-
isomer RRR o-tocopherol was significantly higher in
organic milk, whereas the synthetic 2R stereoisomer of
a-tocopherol was significantly higher in conventional
milk (P < 0.001). Similar results were described by
Butler et al. (2008) who reported significantly higher
amounts of RRR a-tocopherol in LI organic and LI
conventional milk compared with HI conventional
milk, with no significant difference for the synthetic
2R stereoisomer observed between the 3 milk variet-
ies. The study indicates that synthetic antioxidants can
be present in organic milk and that conventional milk
can have similar high concentrations of a-tocopherol,
caused by the fortification of concentrates. Significant
differences were also reported for the amount of ca-
rotenoids (including (3-carotene), with the highest and
lowest concentrations observed in LI conventional and
HI conventional milks, respectively. The difference in
antioxidant concentration between LI organic and LI
conventional milk might be related to the difference in
fresh forage intake (Butler et al., 2008). No significant
difference in a-tocopherol and (3-carotene levels in or-
ganic and conventional milk was found by Ellis et al.
(2007b), whereas vitamin A was found to be higher
in conventional milk. They observed that concentrate
feeding was positively correlated with vitamin A,
a-tocopherol, and (B-carotene concentrations in milk,
with individual farm effects sampling month and milk
yield as additional influencing factors. Similarly, no
significant difference between organic and conventional
milk for 3-carotene and a-tocopherol was found by Fall
and Emanuelson (2011), who compared organic and
conventional dairy herds during winter. Lack of fresh
pasture for organic cows and therefore a similarity in
diet between the herds was given as an explanation for
these results. Zagorska and Ciprovica (2008) reported
on the concentration of the water-soluble vitamins thia-
mine and riboflavin (B; and B,) in milk. Samples were
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taken from 5 organic and conventional farms in Latvia,
with significantly lower concentrations (P < 0.05) for
both vitamins observed in organic milk samples. Both
vitamins are found in cereals (Powers, 2003; Golda et
al., 2004), and an increased amount in conventional
milk could be explained by a higher intake of grains in
the diet of conventional dairy cows. All studies demon-
strate that feed composition rather than farming sys-
tem (organic vs. conventional) influence concentration
of vitamins (and their precursors) in milk.

Minerals

Several research studies have compared the mineral
contents of organic and conventional milk. Individual
minerals have to be considered separately because
they might be beneficial for animals and humans or
considered contaminants. Mineral content in milk is,
depending on the element, influenced by individual
cow genetics (van Hulzen et al., 2009), farm manage-
ment, and surrounding environment (Gabryszuk et al.,
2008). Factors that influence soil and pasture mineral
composition include fertilizer application (McKenzie
and Jacobs, 2002), disposal of sewage sludge (Percival,
2003), soil type (Mut et al., 2009), and proximity to
mining areas (Smith et al., 2009), industrial activi-
ties (Gabryszuk et al., 2008), or automotive emissions
(Ward et al., 1977).

Calcium and Magnesium. Concentrations of Ca
and Mg in milk are highly heritable and only marginally
influenced by diet (van Hulzen et al., 2009). Calcium in
milk is associated with casein, which remains relatively
constant in milk during dietary changes of the animal
(Haug et al., 2007). Higher concentrations of both Ca
and Mg, as well as P, can be found in breeds with higher
casein and phospholipid concentrations (e.g., Jersey vs.
Holstein; Hermansen et al., 2005). The concentrations
of Ca and Mg increase with stage of lactation from
increased degradation of ag-casein due to pH changes
(Sapru et al., 1997; Coulon et al., 1998). Although not
discussed by Gabryszuk et al. (2008), stage of lactation
might have contributed to higher concentrations of Ca
(P < 0.01) and Mg (P < 0.05) in milk from HI conven-
tional (lactation average 162 d), and LI organic cows
(lactation average 193 and 173 d), compared with LI
conventional cows (lactation average 117 d). Cuboi et
al. (2008) reported higher Ca levels in bulk organic milk
but found no difference in the total protein concentra-
tion between organic and conventional milk. The bulk
milk samples in this study originated from 1 organic
and 1 conventional herd of similar size and breed (Slo-
vac Prinzgau), located in the same geographical area
with morning and evening milks sampled over several
months (May to February). No explanation for differ-
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ences in Ca concentration was given, but minimum pro-
tein concentrations were reported in different months in
organic (August) and conventional (May) milks. This
might indicate differences in casein concentration and
potential differences in stage of lactation between the
farms. The use of Na fertilizer or Na supplements can
also increase the Ca and Mg status in bovine milk while
decreasing the SCC (Phillips et al., 2000).

Iodine and Selenium. Contents of I and Se in
organic and conventional milks have been extensively
researched, with both elements being essential for
animal and human health. The concentration of both
elements in milk greatly depends on dietary intake, and
dairy cows have been supplemented with I for decades
to prevent deficiencies (Bath et al., 2012). Iodine is
readily taken up from the diet and introduced into
milk, with milk produced by concentrate-fed cows
showing higher I levels than milk from cows grazing
pasture (Gabryszuk et al., 2008). In countries with
winter housing, concentrations of I in milk are largely
influenced by season and the subsequent change in diet,
with levels decreasing in summer (Haug et al., 2007).
A study of retail milk in the United Kingdom showed
that although there were regional variations in I levels,
conventional retail milk contained up to 42% more I
than organic milk (Bath et al., 2012). Similar results
have been reported in studies from Germany (Johner et
al., 2012), Norway (Dahl et al., 2003), and Spain (Rey-
Crespo et al., 2013). For all studies, I concentration
was significantly lower in organic milk, a difference that
was even more pronounced during summer season when
pasture feeding increases. Use of iodophor sanitizers for
teats and equipment could additionally contribute to
I levels in milk, and might explain the variability in I
concentrations observed in conventional milk (Bath et
al., 2012; Rey-Crespo et al., 2013). Selenium is also an
essential mineral, and ruminants are susceptible to Se
deficiency caused by a lack of absorption from the diet
(van Hulzen et al., 2009). This is especially prevalent in
animals fed high amounts of pasture rather than silage
or TMR (Gabryszuk et al., 2008). Pilarczyk et al. (2011)
found that in areas of low soil Se levels, conventional
cows fed diets based on hay, cereals, and pasture had
significantly lower Se levels in milk than cows feeding
on TMR. Selenium content in milk from organic cows
that consumed a diet high in hay and maize silage was
significantly higher (P < 0.001) than that of conven-
tional cows with access to pasture (Pilarczyk et al.,
2011). Fall and Emanuelson (2011) could not establish
any differences between Se levels in milk of organic and
conventional cows in Sweden during winter, however,
citing the similarity in diets as an explanation.

Heavy Metals. Concentrations of heavy metals in
bovine milk have been a research objective in many
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countries (Licata et al., 2004; Qin et al., 2009; Ab-
dulkhaliq et al., 2012), with the research focus being
predominantly related to concerns for human health.
Environment and diet are the main factors influenc-
ing concentrations of metals in milk, with different
breeds affected differently (Hermansen et al., 2005)
and correlations between elements observed (Pilarczyk
et al., 2013). Anacker (2007) reported that although
no difference was observed between organic and con-
ventional milk, the concentrations of As, Cd, Cu, and
Hg changed significantly between years. The main
source for heavy metals (e.g., As, Cd, Hg, and Pb) in
agricultural systems is fertilizer (Gray et al., 2003; Mir-
lean et al., 2008). Differences in fertilizer application
and pasture growth rate might explain the variation
in heavy metal concentrations for different years re-
ported by Anacker (2007). No differences and generally
very low concentrations for Cd and Pb were observed
by Ghidini et al. (2005), who compared organic and
conventionally produced milk and meat in Italy. Com-
parable results for Cd, Cu, Fe, and Zn concentrations
in organic and conventional bulk milk were found by
Zagorska and Ciprovica (2005), who analyzed samples
from different regions of Latvia. Hanus et al. (2008a)
reported elevated Cu levels in conventional milk in a
comparative study of organic and conventional farms
in the Czech Republic. Similarly, Rey-Crespo et al.
(2013) observed higher concentrations of Cu, Se, and
Zn in conventional milk on the farm and retail levels
compared with organic farm milk, which was explained
with the high supplementation rate of these essential
elements in concentrate feed.

Hormones

Milk and dairy products naturally contain estrogens
(Malekinejad et al., 2006) and the possible effect on hu-
man health has been of research interest (Daxenberger
et al., 2001). Estrone (E;) and estradiol (aE, and BE,)
concentrations in bovine milk are positively correlated
with stage of gestation in the animal. Estrogen concen-
trations in retail milk vary depending on the milk fat
percentage, which can be explained by the lipophilic
character of these hormones (Pape-Zambito et al.,
2010). No significant difference in estrone concentration
between organic and conventional milk was detected.
The concentration of estradiol (BE,) in organic milk
increased at a greater rate with an increase in fat com-
pared with conventional milk. Although these differ-
ences were significant, they were not considered biologi-
cally relevant. A higher fat percentage in organic milk
than indicated on the label might have been the cause
for the reported difference (Pape-Zambito et al., 2010).
Vicini et al. (2008) analyzed estradiol and progesterone
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concentrations in organic and conventional retail milk
from 48 states within the United States collected over
3 wk. They reported higher levels of both hormones in
organic milk (P < 0.05) and explained these differences
by potentially lower feed intake of organic cows, and
differences in average gestation state between organic
and conventional cows.

CONVENTIONAL VERSUS ORGANIC MILK:
OTHER ASPECTS

Udder Health and SCC

Management issues such as milking hygiene and cow
cleanliness (Ellis et al., 2007a) influence the incidence
of udder infection, which can affect milk yield and com-
position. Milk protein and fat yields and percentages
can be negatively correlated with a high SCC (Juo-
zaitiene et al., 2004; Ogola et al., 2007; Guo et al.,
2010). Consequently, conclusions on compositional dif-
ferences between organic and conventionally produced
milk should be made after taking into account udder
health. The SCC of organic and conventional milk has
been compared in a range of published studies, most
of which reported no significant difference between the
milk types (Muller and Lehmann, 2007; Miiller and
Sauerwein, 2010; Mullen et al., 2013; Stiglbauer et al.,
2013). Sundberg et al. (2009) studied records of 471 or-
ganic herds and almost 14,000 conventional herds from
1998 to 2005 in Sweden, and found no differences in
SCC at a given production level. Others reported lower
SCC in organic milk (Ellis et al., 2007a; Cuboi et al.,
2008; Garmo et al., 2010). Roesch et al. (2007) found
higher median SCC in organic milk 31 d postpartum
and similar SCC for organic and conventional herds at
102 d postpartum. Similarly, cases of subclinical and
clinical mastitis were not different between organic and
conventional cows (Sundberg et al., 2009). Vaarst and
Bennedsgaard (2001) analyzed incidences of mastitis
treatments for 27 organic and 57 conventional herds
in Denmark. The farming system (organic vs. conven-
tional) appeared to have less influence on udder health
compared with management factors (e.g., routine teat
dipping). Valle et al. (2007) reported that differences
in health handling (e.g., seeking veterinary treatment)
rather than differences in actual animal health between
organic and conventional cows may influence mastitis
statistics. No differences in animal health between
farming types were found, with the exception of a lower
incidence of clinical mastitis in organic farms, which
was thought to be due in part to the lower milk produc-
tion of organic cows (Valle et al., 2007). Richert et al.
(2013) noted that farming intensity rather than system
(organic vs. conventional) influenced the frequency of
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veterinary visits. Ahlman et al. (2011) reported a higher
culling rate due to poor udder health for organic cows
compared with conventional cows, when studying 402
organic and 5,335 conventional herds between 1998 and
2003. Ahlman et al. (2011) observed, similar to Valle et
al. (2007), that culling reasons might not depend solely
on udder health status but on the priorities and toler-
ance levels of individual farmers. A generalization on
whether or not organic farmers have a lower tolerance
for poor udder health is not possible because ethical
considerations may differ and regulations regarding the
use of antibiotics as treatment option for organic cows
do differ between countries (Mullen et al., 2013).

Flavor and Taste

Organic milk is associated not only with the image of
being safe and environmentally friendly, but also with
being more flavorful than conventional milk (Managi et
al., 2008; Liu et al., 2013). Flavor differences have been
studied in milk from cows fed different amounts of con-
centrate and pasture (Croissant et al., 2007; Bloksma
et al., 2008; Bovolenta et al., 2009), with no difference
in consumer acceptance reported. Similarly, no obvi-
ous difference in taste was established when comparing
organic and conventional milk but trials found organic
milk to be creamier and with greater intensity of grassy
flavor (Bloksma et al., 2008). Consumption temperature
of milk (7 vs. 15°C) affected the intensity of specific
flavors (Croissant et al., 2007), which can be explained
by the increased volatility of flavor compounds with
higher temperatures. Cmen et al. (2010) suggested that
a lower concentration of fat in organic milk in spring
was related to a loss in flavor, whereas Coggins et al.
(2008) reported that trained panelists were not able
to differentiate between plain yogurts of different fat
contents or milk varieties (organic vs. conventional).
Gallina Toschi et al. (2012) similarly observed that con-
sumers did not distinguish between odor and taste of
yogurt produced from organic and conventional milks
but noted that the most-liked conventional yogurt
scored higher when it was labeled as organic.

Identification

Partly due to the demand of premium prices for or-
ganic milk in a growing retail market, researchers have
investigated factors to identify or distinguish organic
from conventional milk. Several molecular markers
have been considered in regard to their significantly dif-
ferent concentrations in organic and conventional milk.
The supposed difference in concentration relates back
to a significant difference in diet between organic and
conventional cows. To date, all suggested markers have
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failed when organic and conventional diets were similar
(e.g., in LI organic and LI conventional farms). Phy-
tanic acid, for example, which is converted from phytol
released from chlorophyll, can be used as an indicator
of the amount of green fodder in the diet of a dairy
cow (Vetter and Schroder, 2010; Schroder et al., 2011).
Therefore, phytanic acid could be used to identify or-
ganic milk, with the limitation that comparisons could
only be made between milk from conventional cows
that had limited access to green fodder and milk from
organic cows mainly fed forage. The same limitations
were found for ALA as a marker molecule (Molkentin,
2009). Organic milk generally contains higher amounts
of ALA, caused by greater amounts of fresh forage in
the diet, but Flowers et al. (2008) showed that supple-
mentation with 5% linseed oil doubled the levels of
ALA in conventional milk, thereby matching the values
observed in organic milk. The method described by
Molkentin, (2008) determines the carbon stable isotope
ratio (§'°C) in milk. The method is based on the fact
that maize (which is commonly used in concentrate
feed for conventional cows) is a C, plant (compared
with other common feed plants), which uses a different
biosynthetic pathway to fixate atmospheric CO,. This
leads to a stronger accumulation of the "C isotope in
the plant, which can be detected in milk. The method
would therefore enable determination of the amount of
maize in the diet of the animal. The limitations of this
method are related to the need for a difference in maize
concentration between organic and conventional diets,
and to the inability to establish whether the maize was
produced organic or conventionally. A characterization
of organic and conventionally produced milk using me-
tabolomics has been applied by Boudonck et al. (2009).
Hippurate, proline, ribose 5-phosphate, and carnitine
were among the 14 identified metabolites significantly
different between organic and conventional whole-milk
brands. Whether or not these differences are caused by
differences in diet or metabolic pathways in the animals
needs to be established. Hippuric acid was considered
as a marker molecule but was found to be unsuitable
because its content depended on the feeding regimen
rather than the production system (Boudonck et al.,
2009; Carpio et al., 2010). Capuano et al. (2014) ex-
amined the feasibility of distinguishing between milk
samples from cows with or without pasture access via
Fourier transform infrared spectroscopy. However, as
in other studies, classification of a sample as organic
or conventional had to be considered more cautiously
and general conclusions could not be made. All current
approaches described in the literature depend on a sig-
nificant difference between diets that either results in a
measurable change in the amount of a certain marker
molecule or in a characteristic alteration of an isotope
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ratio in milk. As such, these methods are not able to
differentiate between intensive organic and extensive
conventional farming systems.

CONCLUSIONS

Numerous factors affect milk composition, and
knowledge about their interactions is limited. The
same can be said about the large number of studies
comparing organic and conventional milk and the lim-
ited number of generally accepted research conclusions
on the differences between organic and conventionally
produced milk. This limitation arises for 2 reasons,
the first of which is the lack of comparable conditions
within and between trials. In general, most researchers
have not controlled sufficient variables to allow a valid
comparison between organic and conventionally pro-
duced cow milk. Diet composition and breed of cow are
the minimum factors that need to be considered and
reported when aiming to compare milk samples. The
second reason is that current regulations for organic
milk production do not allow for a distinct separation
from conventionally produced milk. In other words, no
“organic effect” exists that can be credited to a holistic
combination of factors affected by the organic system.
If animal genetics, health, breed, diet, management, or
environment differs, then so will the composition of the
milk produced.
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