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Nutritional habits and free grazing regimen of productive
animals along with specific ingredients are influential factors
for the antioxidant properties of milk: From farm to market
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Abstract. Milk is a fundamental product of animal origin for
human health and well‑being. It possesses crucial biological
properties, which depend on its composition and production
methodology. To this end, one of the aims of the present
study was to assess the impact of the nutritional and dwelling
patterns of productive animals on the antioxidant potency
of their generated milk. Thus, samples of sheep milk were
collected for 30 consecutive days during the spring months
from 5 different farms with different traits and its antioxidant activity was measured. Furthermore, this study aimed
to evaluate the antioxidant capacity of 15 commercially
available milk samples of different animal origin (i.e., cow
and buffalo) and type (i.e., full‑fat, light and chocolate)
derived from 5 different companies. For all the experiments,
the assay that examines the ability of the milk samples to
reduce the DPPH• radical was used. It was thus found that
the free‑grazing regimen of the farm sheep dwelling at high
altitude resulted in the production of milk with a greater antioxidant potential. On the other hand, it was also found that
the samples of chocolate milk exhibited notably mote potent
antioxidant activity than the full‑fat and light samples, obviously due to the excessively high composition in antioxidant
molecules present in cocoa. From this study that holistically
examined the antioxidant properties of milk derived from
three different productive animal species, it becomes evident
that the nutritional and grazing practices, as well as specific
ingredients (i.e., cocoa) lead to the generation of milk with
high added biological value.
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Introduction
Milk is a food stuff with exceptional nutritional value and
one of the few components of human nutrition that can be
consumed without any further processing. Its history dates
back to 9,000 B.C. and since then it is a necessary constituent
of human and animal diet from infancy until the end of adult
life (1). Milk has manifold uses, including the feeding of infants
and partly the nourishment of children and adults, the presence
in several processed foods (i.e., pastry products and candies)
and in other milk‑based goods, such as yoghurt and butter (2).
Although obvious, defining milk is not a simple task. This is
the reason for the existence of several definitions, and two of
the most influential are hereby presented. The World Health
Organization and the Food and Agriculture Organization of
the United Nations defined it in the Codex Alimentarius in
2011 as ‘the normal mammary secretion of milking animals
obtained from one or more milkings without either addition
to it or extraction from it, intended for consumption as liquid
milk or for further processing’ (3). Milk has also been defined
by the prestigious and historic Merriam Webster Dictionary
as ‘a fluid secreted by the mammary glands of females for
the nourishment of their young’, ‘milk from an animal and
especially a cow used as food by people’ and ‘a food product
produced from seeds or fruit that resembles and is used similarly to cow's milk’.
The composition of milk varies in terms of the mammal
from which it originates, the animal breed, the lactation
period, as well as the feeding, the dwelling and grazing
conditions (4). When comparing sheep and cow milk, sheep
milk contains fat in small globules, which are smaller than
those of cow milk, whereas milk derived from sheep contains
short‑chain fatty acids in higher amounts (20‑25%) than cow
milk (10‑12%) (4). Additionally, the protein content of sheep
milk is 40% higher than that of cow milk, whereas the ratio of
casein and whey protein are the same. As regards whey protein,
sheep milk contains higher proportions of β‑lactoglobulin and
lower concentrations of serum albumin and immunoglobulin
compared to cow milk (5). Furthermore, sheep milk is richer
than cow milk in crucial minerals (i.e., calcium, potassium and
phosphorus), as well as in vitamins and several antioxidant
enzymes (5). Buffalo milk on the other hand is a product of
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Table I. Characteristics of the 5 farms (i.e., A, B, C, D and E) where the sheep milk samples were obtained from.
Farm
A
B
C
D
E

Characteristics
The animals were reared exclusively at stall (<600 m of altitude)
Fed with silage from corn, wheat and from by‑products of olive oil industry
The animals were reared both at stall and in very restricted pasture area
The nutritional value of the grass has been degraded due to over‑pasture
The animals were reared both at stall and in a pasture area (<600 m of altitude)
Fed also with straw from wheat, barley, corn and from by‑products of olive oil industry
The animals were reared in a free‑grazing regimen
Grazing in pasture both at 600‑800 m and >1,700 m of altitude
The animals were reared exclusively at stall
Fed with silage from corn, barley, rye and soy were used

high nutritive value due to its constituents, but also due to its
chemical and physical traits, although relevant experimental
evidence is limited (6). Buffalo milk contains higher amounts
of fat than cow milk (6.5‑8.5%) and it is also more beneficial
to human health due to its high concentration of minerals and
antioxidant enzymes (6). In general, however, the constituents
of milk, namely whey protein, casein, lactoferrin, carotenoids,
tocopherols and ascorbate along with glutathione peroxidase
and other enzymes, exert potent antioxidant effects. It has been
demonstrated that these constituents prevent the lipid oxidation of milk, thus reassuring its high quality (7). Apart from
the antioxidant potential of milk components, it has also been
reported that the oral administration of lactoferrin is a positive
treatment against psychological stress in humans (8). In addition, casein has been shown to induce the proliferation of bone
marrow mononuclear cells and to increase survival in a mouse
model of leukemia (9).
As stated above, the quality and nutritional value of milk
are inextricably linked to the grazing and development conditions of the productive animals (10). Milk fat is the constituent
that is affected the most by the aforementioned factors followed
by proteins and carbohydrates (1). The impaired milk quality
is partly the outcome of the disruption of the equilibrium
between oxidative and antioxidant processes in the productive
animals and in the product per se. Fatty acid composition is
affected by the aforementioned disruption and leads to milk
with low antioxidant potential (11). It has been reported that
free grazing animals are more efficient in milk production than
others that are fed both in stalls and in unrestricted areas (12).
Free grazing is a fundamental factor that affects the nutritional
and antioxidant profile of sheep milk along with the feeding
habits of the animals (13).
On the basis of the above, it has become evident that
the antioxidant capacity of milk samples available in the
market is dependent on their constituents and the productive
animal species. However, if one focuses on a previous stage
of milk production, namely its secretion and collection from
the respective animal, other factors, such as the grazing
regimen, the altitude of the areas where the animals live and
the feed are decisive as regards its antioxidant potential. The
scope of this study, hence, was to investigate the putative
antioxidant properties of sheep milk samples obtained from
5 farms with different characteristics in order to associate

them with parameters, such as the grazing regimen and the
feeding profile. In addition, the antioxidant potential of several
full‑fat, light and chocolate milk samples derived from cows
and buffalo dwelling in different prefectures of Central and
Northern Greece were examined in order to evaluate the role
of the extra components added in the milk that is found in the
market on its antioxidant action.
Materials and methods
Collection of milk samples from Greek farms. Five farms
located in the region of Western Thessaly (Trikala), Greece
were selected for the sample collection. These farms differed
in the following factors: The place where the animals (i.e.,
sheep) dwell, namely totally or partly free or totally or partly
at stall, the feeding regimen (i.e., free grazing, commercial
feed or both) and their altitude. These characteristics are
described in detail in Table I. Milk samples (50 ml) were
collected for 30 consecutive days during the spring months
from each farm and were transferred on ice to the laboratory
for analysis.
Collection of milk samples from the Greek market. Milk
samples with different geographical origin were collected
from the Greek market. These samples were full‑fat, light and
chocolate milk from cows and buffalo which originated from
Eastern Thessaly (Volos), Central Macedonia (Thessaloniki),
Eastern Macedonia (Serres), Eastern Macedonia (Drama) and
Central Macedonia (Thessaloniki). Immediately following
their purchase, they were transferred to the laboratory for
analysis.
DPPH • radical scavenging assay. This assay was based on
the ability of the milk samples to reduce the commercially
available DPPH• radical, as previously described (14,15).
The reaction mixture contained the DPPH• radical solution
prepared on the day of the experiment dissolved in methanol
and the milk samples in a wide range of volumes expressed in
μl. The reaction samples were mixed, incubated in the dark
at room temperature for 20 min and their absorbance was
monitored at 517 nm using a HITACHI U‑1500 spectrophotometer supplied by Analytical Instruments SA. The tested
sample alone was used as the blank and the DPPH• radical
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Table II. The mean scavenging capacity of the sheep milk samples
obtained from 5 different farms of Western Thessaly (Trikala)
assessed via their ability to scavenge DPPH• expressed as the µl
of the samples at the IC50 value.

Farm

Mean DPPH• scavenging capacity after
30 consecutive days of sampling
(μl of the sample at IC50±SD)

A
B
C
D
E

159±7a
125±4a
143±6a
105±3
112±4a

Statistically significant compared to the samples from farm D. SD,
standard deviation.
a

with methanol was the control. The antioxidant activity of the
samples was calculated on the basis of the percentage reduction of the DPPH• radical compared to the control. The volume
of each sample that reduced the DPPH• radical at 50% was
considered as the IC50 value.
Statistical analysis. The data were analyzed with one‑way
ANOVA followed by Dunnett's test using the statistical
package for social sciences (SPSS, Inc., version 21.0). All
results are expressed as the means ± standard deviation (SD).
The level of the statistical significance was set at P<0.05.
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Results
Antioxidant properties of the milk samples obtained from the
5 different farms. The range of the mean DPPH• scavenging
capacity of the milk samples following 30 consecutive days
of sampling ranged between 105 and 159 µl at IC50 (Table II).
The samples from farm D were the most potent since they
exhibited statistically significantly lower IC50 values from the
samples of the remaining 4 farms (P<0.05).
Antioxidant properties of the milk samples that are available on the market. The DPPH• scavenging capacity of the
full‑fat milk samples (both cow and buffalo) ranged between
110 and 200 µl at IC50, the capacity of the light samples ranged
between 155 and 200 µl at IC50, whereas in the chocolate milk
samples, it was measured between 4 and 5 µl at IC50 (Table III).
A statistically significant difference was observed in the mean
IC50 values of the chocolate milk compared to those of the
full‑fat and the light samples (P<0.05). No significant differences were observed between the full‑fat and light samples,
whereas no distinct differences were observed on the basis of
the geographical origin of the samples.
Discussion
The present study examined the antioxidant properties of
several full‑fat, light and chocolate milk samples derived
from cow and buffalo and originating from different regions
of Central and Northern Greece. The results revealed that
the samples of chocolate milk exerted a greater scavenging
capacity against DPPH• radical compared to the other tested

Table III. The characteristics and the scavenging capacity of the tested milk samples assessed via their ability to scavenge DPPH•
expressed as the μl of the samples at the IC50 value.
			 DPPH• scavenging capacity
Type
Animal origin
Geographical origin
(µl of the sample at IC50±SD)
Full‑fat
Cow
		
		
		
Buffalo
		
Light
Cow
		
		
		
Buffalo
		
Chocolate
Cow
		
		
		
Buffalo
		

Eastern Thessaly (Volos)
Central Macedonia (Thessaloniki)
Eastern Macedonia (Serres)
Eastern Macedonia (Drama)
Central Macedonia (Thessaloniki)
Mean value
Eastern Thessaly (Volos)
Central Macedonia (Thessaloniki)
Eastern Macedonia (Serres)
Eastern Macedonia (Drama)
Central Macedonia (Thessaloniki)
Mean value
Eastern Thessaly (Volos)
Central Macedonia (Thessaloniki)
Eastern Macedonia (Serres)
Eastern Macedonia (Drama)
Central Macedonia (Thessaloniki)
Mean value

Statistically significant compared to the mean values of the chocolate milk samples. SD, standard deviation.

a

167±3
200±3
200±8
110±3
200±11
175±39a
155±4
182±3
195±10
200±5
200±10
186±19a
4.3±0.6
5±0.7
4±0.6
4±0.3
4±0.6
4.3±0.4
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samples. The geographical origin of the milk did not seem to
play a key role in its antioxidant activity. Furthermore, samples
of sheep milk from 5 farms with different characteristics were
collected for 30 days and their antiradical activity against
DPPH• was examined. The milk samples originating from
farm D, which was the only farm where the animals were fed
in a free‑grazing regimen at high altitude, exhibited the most
potent antioxidant activity.
The antioxidant activity of the tested milk samples was
assessed through the assay involving their ability to reduce the
commercially available DPPH• radical. This biomarker is widely
used in studies that intend to evaluate the antioxidant activity
of differential compounds, such as plant (15‑17), plant‑derived
products such as coffee beans (18), as well as animal feeds in the
form of silage (19‑21). Furthermore, the DPPH• radical is also the
central molecule for the assay that evaluates the total antioxidant
capacity of human and experimental animal blood and tissues
after redox‑altering stimuli, namely exercise (22‑24), nutritional interventions (25,26) and toxicological treatments (27).
Therefore, it appears that this is a reliable assay providing useful
results in a wide range of experimental approaches (28,29).
Milk is a fundamental food for human health as is the
case for the products that are derived from it (11). The antioxidant properties of the constituents of milk are one of the
reasons for its high nutritional value. Specifically, it has been
demonstrated that the caseins of milk exert potent antioxidant
effects (30,31). Whey protein is also present in milk and its
strong antioxidant activity has been described as well (32‑34).
Apart from its native compounds, milk products that are available for the consumers may have been enriched with other
ingredients that enhance its antioxidant action. One of these
is cocoa whose antioxidant properties have been extensively
described (35). Taking into consideration that the chocolate
milk samples tested herein exhibited an exceptionally higher
ability to reduce DPPH• radical, it can be implied that cocoa is
the constituent that intensifies these samples against putative
oxidative modifications of milk. It is worth mentioning that this
is the only factor discriminating the herein measured samples
whereas geographical or animal origin were not effective.
As regards the results obtained from the milk samples
originating from the 5 different farms of the Western
Thessaly region, the ones that exhibited the most potent
antioxidant activity were derived from farm D. This was
the only farm that was substantially different compared
to the other 4 farms. Notably, the animals of farm D were
reared in a free‑grazing regimen. Additionally, the grazing
of the animals took place in areas of high altitude, between
600 and 800 m and also >1,700 m in particular. These two
parameters are crucial for the exceptional antioxidant activity
of the derived milk. To this end, it has been found that the
grazing pasture contains higher amounts of polyunsaturated
fatty acids, lower saturated fatty acids and the generated
milk is of higher nutritional value compared to milk derived
from animals fed exclusively at stall (13,36). In line with the
above‑mentioned studies and with the results reported in this
study, the diversity of the pasture with which free‑grazing
animal are fed contains numerous nutritious compounds that
are absent from the grass present at stalls (37).
It is important to highlight that the antioxidant properties
of the milk samples derived from the 5 farms that were

examined herein are crucial regarding the generation of sheep
milk feta cheese. Feta cheese is a traditional Greek product
with protective designation of origin (PDO) that possesses
marked characteristics, such as the salty taste and texture.
These traits are unique; therefore, feta‑like cheeses produced
in countries other than Greece cannot be compared with the
original product. Factors, such as the animal species, the
soil and the climate of the region in which feta is produced
give to this cheese an exceptional character among all
Greek products (38). The antioxidant activity of feta cheese
is decisive in order to acquire a product with high additive
value and quality (39). To this end, in the present study, it is
proposed that the investigation of the antiradical properties
of sheep milk samples, obtained from farms during the
spring months, against DPPH• and other similar radicals can
be a solid base for a producer in order to generate feta cheese
with superior quality and probably low cost for him and the
consumers.
In conclusion, there is limited evidence in the literature
concerning the role of the grazing regimen and the feeding
practice of productive animals (i.e., sheep) on the antioxidant activity of the generated milk. Furthermore, to the best
of our knowledge, there is currently no available evaluation
of the most frequently consumed cow and buffalo milk
samples in the Greek market in terms of their antioxidant
properties associated with their major constituents. It was
thus concluded that free grazing at a high altitude is a
decisive factor for the production of milk with potent antioxidant activity and a high nutritional value. Furthermore,
the chocolate milks found in the market are far more
potent antioxidants compared to the full‑fat and light ones,
evidently due to their high content in cocoa, regardless of
the geographical or animal origin. This holistic approach
from farm to market is anticipated to provide new insight
into the conditions of the development of the productive
animals in farms and the composition of milks present in
the Greek market.
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