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Abstract

The aim of this study was to determine concentrations of retinol, B-carotene, lutein and zeaxanthin
in Jersey milk during different seasons and their correlation with milk colour parameters. During a six-
months period the Jersey cows (n=77) were kept free-stall and fed with total mixed ratio (TMR; farm
season), for the next three months the cows were kept for four hours on pasture and the rest of the
day free-stall fed with TMR (transition season), and for the remaining three months they were kept
predominantly on pasture (grazing season). A bulk milk samples (200 mL) were collected during the
last week of each month in the period between May 2018 and April 2019. Retinol and carotenoids
concentrations in cow milk were quantified using high performance liquid chromatography, while milk
chemical composition was analysed by a MilkoScan FT 120 infra-red analyser. The season significantly
(P<0.05) affected chemical composition of milk, and the highest (P<0.05) content of milk fat, protein
and non-fat dry matter was found during the farm season. Retinol, B-carotene, lutein and zeaxanthin
concentrations (ug/100 mL) were as follows: 2.56+0.29, 4.15+0.27, 4.43+0.40 and 0.97+0.04. Lutein
and retinol concentrations in Jersey milk were affected (P<0.05) by the season. The highest lutein
concentration was found during the grazing season, while the farm season yielded the highest retinol
concentration. Moderate and positive correlations (P<0.05) were found between B-carotene and lutein
concentrations and colour parameter b*, resulting in a more intense yellow colour i.e. high values of co-
lour parameter b*. The obtained results suggest that milk colour could be used to estimate carotenoid
concentrations in milk.

Key words: Jersey breed, milk chemical composition, carotenoids, diet, carotenoid content
indicator



Introduction

Milk plays a meaningful role in human nutrition
and represents an important source of different
essential nutrients such as lipids, proteins, miner-
als and vitamins, which are all required for normal
growth and development (Ramalho et al, 2012).
Vitamins, as complex organic micronutrients, are
grouped into fat- and water-soluble and are pres-
ent in milk in different forms (Plozza et al, 2012).
The most abundant vitamin in milk is the fat-soluble
vitamin A that can be found in mixture of retinyl
fatty acid esters and as free retinol. Thw amount
of vitamin A in milk can range from 10 to 100
pg/100 mL milk (Haug et al., 2007). Generally, milk
and milk products contribute 15-20 % of vitamin
A recommended dietary allowance (Hulshof et al,
2006; Ramalho et al, 2012). Regarding the human
health, vitamin A has an important role in growth
and development, cell differentiation, function of
different tissues types, immune system function,
embryo development, reproduction and postnatal
growth (Beliveau, 2012). It is present in glyco-
protein synthesis and growth hormone produc-
tion (Weber and Grune, 2011). Aside from these
important functions, one of the most known and
predominant roles of vitamin A is in human health
vision (Beliveau, 2012; Ramalho et al, 2012).

Milk also contains provitamin A carotenoids. Ca-
rotenoids are fat-soluble, coloured pigments rang-
ing from light yellow through orange to deep red.
They are produced by different prokaryotes and eu-
karyotes (photosynthetic bacteria, some non-pho-
tosynthetic bacteria, yeasts, fungi, cyanobacteria,
algae, higher plants) (Beliveau, 2012). Carotenoids
are divided into xanthophylls (lutein and zeaxanthin)
and carotenes (Vogdanou, 2014). The most prev-
alent carotenoid in cow milk is B-carotene, with
amounts ranging from 3 to 50 pg/100 mL, account-
ing for almost 90 % of all carotenoids present in
milk. These concentrations are followed by lutein
and zeaxanthin (Hulshof et al, 2006; Noziére et
al, 2006a; Morrissey and Hill, 2009). Animals
cannot synthesize carotenoids de nova and diet is
the only source of these nutrients. Regarding hu-
man health, carotenoids are important antioxidants
and have preventative effects for various diseases
like cardiovascular and eye disease, and certain
cancers (Coultate, 2002). Using singlet oxygen

and lipoperoxides B-carotene and retinol can pre-
vent and limit milk fatty acid oxidation (Bergamo
et al, 2003). As a result, carotenoids can improve
oxidative stability of milk since they are character-
ized by antioxidative activity (Granelli et al, 1998).

Milk composition is affected by genetic factors,
like breed and season, nutrition, stage of lactation,
milking system as well as environmental factors
(Ramalho et al, 2012). Numerous studies have
evaluated effect of different environmental factors
on milk vitamin concentrations (Havemose et al,
2004; Hulshof et al, 2006; Noziere et al., 2006b;
Calderon et al, 2007; Ellis et al, 2007). The
greatest influence on milk fat percentage and con-
centrations of fat-soluble vitamins and carotenoids
have type of diets used in dairy cow nutrition. Grass-
based diets, especially on pasture, result in higher
milk B-carotene concentration than diets rich in con-
centrates or corn silage (Havemose et al, 2004;
Noziere et al, 2006a). Type of forage is considered
to be the main cause of seasonal variations in retinol
and carotenoid concentrations of bulk milk. Higher
milk retinol and carotenoid concentrations are found
during summer months (grazing period) compared
to period of conserved forages feeding (winter farm
period) (Jensen et al, 1999). Thus, seasonal vari-
ations in dairy cows’ rations can result in different
concentrations of carotenoids in milk. Carotenoids
are also able to influence the sensory characteris-
tics of products, such as more intense yellow col-
our, but could also improve antioxidant properties
of milk (Calderon et al, 2007; Kilcawley et al,
2018). Assessment of the presence and intensity
of yellow colour in milk is considered as a poten-
tial biomarker, indicating feed management quality
in dairy cows (Prache et al, 2002). Milk colour is
related to B-carotene content in milk fat, but other
components also contribute to milk colour (Solah
et al, 2007). Agabriel et al. (2007) found that 30
to 43 percent of the variations in the intensity of
the yellow milk colour indices can be explained by
milk B-carotene content. Cows fed grass silage
tend to produce milk with yellower fat and great-
er B-carotene content than milk produced by cows
on a hay diet (Noziere et al, 2006b; Calderon
et al,, 2007). Dairy breeds which produce milk with
a greater carotenoid and fat content, like Jerseys,
produce milk that is more yellow than breeds such
as Holstein-Friesians (Winkelman et al.,, 1999).
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Based on all of the previously mentioned facts
and relations, the aims of this study were to deter-
mine the concentration of retinol, B-carotene, lutein
and zeaxanthin in Jersey milk cow during different
seasonal diets and to investigate their correlation
with milk colour parameters.

Materials and methods

The experimental trial was conducted at a dairy
farm (n=77 Jersey dairy cows) situated in Lika-Senj
County near the city Gospi¢, Croatia. The average
milk lactation production during the analysed pe-
riod was 4800+135 L. Three different rations were
included with varying nutritional contents, while
milk sampling was done during three seasons: graz-
ing, transition season and farm season.

A total mixed ration (TMR) presented in Ta-
ble1 was used during the farm season, which last-
ed from October to March. The transition season
occurred in April, August and September when the
dairy cows were kept for half a day at pasture and
half a day at the farm were TMR was available (Ta-
ble 1). The grazing season on perennial pastures
lasted from May to July, when dairy cows were kept

TABLE 1. Composition of the total mixed ration (TMR) during
farm and transition season and supplemental ration during
grazing season

ration components season
farm ‘ transition ‘ grazing

(kg/cow)
grass hay 30 3.0 -
alfalfa haylage 17.0 9.0 -
ground corn grain 45 30 6.0
oat grain 1.28 1.35 1.5
wheat meal 10 - 20
wheat grain 0.85 0.85 15
soybean cake 10 - -
sunflower cake 10 06 -
molasses 10 0.6 -
vitamins and minerals 0.18 015 0.15
calcium carbonate 0.07 0.07 0.07

the whole day, between morning and evening milk-
ing, on pasture and supplemental feeding was ap-
plied as shown in Table 1.

Milk sampling was done in the period between
May 2018 and April 2019, which included sampling
at last week of each month during farm, transition
and grazing season. Milk produced throughout the
last week of each month was collected in a bulk
tank and sampling of the accumulated milk oc-
curred at the end of the week. For each sampling
(n=12), 200 mL of bulk tank milk was collected in
sterile tubes and stored at -20 °C until the analyses.

Concentrations of fat, protein, lactose and non-
fat dry matter in milk samples were analysed by a
MilkoScan FT 120 infra-red analyser (Foss Electric
A/S, Hillerad, Denmark).

Carotenoids and retinol extraction from milk
samples were done as described by Hulshof et al.
(2006) and Noziere et al. (2006a). Milk samples
were thawed and homogenized, and 2 mL of ali-
quot, in duplicate, was transferred to glass centrif-
ugation tubes. To each tube 1 mL of distilled water,
2 mL of ethanol and 2 mL of hexane was added.
Samples were vortexed (Velp Scientifica ZX3) and
centrifuged (Eppendorf Centrifuge 5417R) for 10
minutes at 4000 g. The upper layers were collect-
ed and transferred into 50 mL plastic tubes. The
residue was re-extracted until the extract was col-
ourless. To the organic phase, 2 mL of 15 % NaOH
in ethanol was added and mixture was saponified
overnight. The organic phase was then washed by
adding 6 mL of water to each tube and then the
mixture was vortexed and centrifuged for 5 min-
utes at 4000 rpm. After centrifugation, the water
phase was removed and the procedure was repeat-
ed three times in order to wash away all remain-
ing NaOH. During the last wash, the hexane layer
was collected in a flask and evaporated on a rotary
evaporator (Laborata 400 efficient, Heidolph, Ger-
many). The residue was dissolved in 300 pL ace-
tonitrile : methanol : methylene chloride solution
(45:20:35, v/v/v).

Retinol and carotenoids were separated and
quantified by HPLC (High Performance Liquid Chro-
matogryphy) and UV/Vis spectrophotometry. A re-
versed phase column Vydac 201TP54 (5 pm; 4.6 x
150 mm; Grace Davison Discovery Sciences, USA)
was used in order to determine carotenoids contetn
and Zorbax RX-C18 column (5 pm; 4.6 x 150 mm;



Agilent Technologies, USA) was used for retinol
determination, containing silica polymerically modi-
fied with C18. A Supelguard Discovery (5 pm; 4 x 20
mm; Supelco, USA) C18 column was also used as a
guard for other colums.

The HPLC system SpectraSystem (Thermo Sep-
aration Products, Inc, USA) was equipped with a
quarter gradient pump (model P4000), a solvent
degasser (model SCM 1000), a temperature-con-
trolled auto sampler (model AS3000), pump heat-
er, UV-visible forward optical scanning detector
(model UV2000) and a fluorescent detector (model
FL3000). Data was collected and analysed using
ChromQuest 5.0 software (Thermo Fisher Scientific,
USA).

Separations were achieved using a mixture
of acetonitrile : methanol : methylene chloride
(75:20:5, v/v/v), 0.05 % triethylamine (TEA) and 0.1
% BHT. The column flow rate was 0.7 mL/min at
room temperature. Injection sample volume was 30
pL. Separations were monitored at 325 nm (0-5.75
min) and at 450 nm (5.75-20 min) for the identifi-
cation and quantification of retinol and carotenoids,
respectively (Hulshof et al, 1997).

Retinol and B-carotene standards were obtained
from Sigma Chemical Company, prepared in etha-
nol and the concentrations of the standards were
measured in a spectrophotometer using the extinc-
tion coefficients. Final working standards were pre-
pared in methanol/THF (3:1 v/v) after stock stand-
ards were appropriately diluted. Individual standards
were injected into the HPLC system and retention
time was detected in order to determine each in-
dividual analysed element. Using different aliquots
of standard solutions, five standards with different
concentrations for five points of a calibration line
were prepared. Combined retinol and B-carotene

aliquots were evaporated on rotary evaporator and
dissolved in 1 mL acetonitrile: methanol : methyl-
ene chloride solution (45:20:35, v/v/v). Carotenoid
contents were presented as micrograms per 100
mL of milk.

Milk colour was determined as described by
McDermott et al. (2015). Milk colour was meas-
ured using a Chroma Meter CR400 (Konica Minolta,
Nieuwegein, the Netherlands) with a closed cone,
set on the L* a* b* system. The Chroma meter was
calibrated on a white tile priori measurement. Ten
mL of each milk sample was added to a cuvette
and expressed using the CIE-L* a* b* uniform colour
space (CIELAB, 1976). The CIE-L*a* b* uniform col-
our space L* represents lightness (on a scale from
0 to 100, where O = black and 100= white), redness
index a* (where -a* has a green colour and +a* has
a red colour), and yellowness index b* (where -b*
has a blue colour and +b* has a yellow colour).

Data was analysed in SAS V9.4 (SAS Inst. Inc,
2013), using GLM procedure and Tukey test. PROC
CORR was used to calculate Spearman correlation
coefficients. Significance level was set at P<0.05.

Results and discussion

The chemical compositions of milk samples are
shown in Table 1. Results obtained in this study, re-
garding the Jersey milk chemical composition, were
improved compared to results reported by Holstein
and Simmental dairy cows included in a milking
control in Croatia (Ministry of Agriculture, 2019).
This is in line with the results reported by Capper
and Cady (2012), who claimed the Jersey breed
is known to produce milk with higher milk fat and
protein contents than other dairy breeds, especially

TABLE 2. Chemical composition (%) of Jersey milk during different seasons

Season of sampling Milk fat Protein Lactose Non-fat dry matter
Grazing 5.19+0.212 3.56+0.08% 4.41+0.06 9.05+0.08*
Transition 5.69+0.21% 391:0.08° 4.37+0.06 9.40+0.08°

Farm 6.10£0.16° 4.12+0.06° 4.28+0.04 9.59:+0.06°

Mean 5.74:0.16 392028 4.34+0.11 9.39:026

25 SMEAN+SE; values within column marked with different letter differ significantly (P<0.05)
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Holstein. Larsen et al. (2012) reported that milk
fat and protein content in Danish Jersey milk is sim-
ilar to the results obtained in this study.

The season had a significant (P<0.05) effect on
milk fat, protein and non-fat dry matter content,
while milk lactose content was consistent through-
out the seasons (Table 1). During the grazing sea-
son the lowest (P<0.05) content of milk fat, milk
protein and non-fat dry matter was found, com-
pared to other seasons. The similar effect of sea-
son on milk chemical composition was reported by
Yasmin etal. (2012) and Bernabucci et al. (2015).

The season significantly (P<0.05) affected lutein
and retinol concentration in analysed milk samples
(Figure 1). The highest (P<0.05) concentration of lu-
tein was found during the grazing season, followed
by transition and then farm-feeding season. The
same pattern of seasonal changes was found for
B-carotene concentration (P>0.05). On the other
hand, the highest (P<0.05) retinol concentrations
were found during the farm season, followed by the
grazing and then transition season. These results
contradict those previously reported (Jensen et
al, 1999). However, for this study, the predominant
voluminous forage used during the farm season in
the dairy cow ration was alfalfa haylage which pre-
sumably resulted in the higher retinol content dur-
ing this season. A similar seasonal effect on milk
carotenoid concentration was reported by Mari-
no et al. (2012). Calderon et al. (2007) reported
lower concentrations of B-carotene and lutein, but
higher concentrations of retinol in Montbeliarde
milk when compared to the results obtained in this
study. Similarly, lower carotenoid concentrations in
milk of Brown Swiss and Holstein were reported by
Marino et al. (2012) and Johansson et al. (2014).
However, Johansson et al. (2014) reported high-
er retinol concentration than found in the present
study. Higher concentration of B-carotene, but low-
er retinol and lutein concentrations were reported
by Hulshof et al. (2006) in Holstein milk. The die-
tary and nondietary effects on carotenoid concen-
trations in milk of dairy cows has been previously
reported by Noziere et al. (2006a). The type of
forage and ration composition are the main dietary
factors contributing to variations in milk B-caro-
tene concentrations (Calderon et al, 2007). Due
to that, results of B-carotene concentration pre-
sented in different studies may differ notably even
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FIGURE 1. Concentrations (ug/100 mL) of B-carotene, lutein,
zeaxanthin and retinol in Jersey milk during different seasons

when comparing the same dairy breed. The com-
parison of the results from previous studies with
the present results is very often complicated due
to the fact that different units are used to quantify



TABLE 3. Colour parameters of Jersey milk during different
seasons

Season of | L* a* b*
sampling

Grazing 93.67+1.83 -5.54+027° 21.39+1.36°
Transition 95.10+£1.83 | -499+0.27%® 16.97+1.36%
Farm 95.28+1.29 -459+0.19° 16.71+0.95°
Mean 94.83+0-85 | -4.93+0.17 17.94+0.86

2D SMEAN+SE values within column marked with different
letter differ significantly (P<0.05)

concentration of different carotenoids and vitamins
(ug/g milk fat, pg/mL, pg/100 mL, pg/100 g).

In Table 2 CIE L*a*b* colour parameters of
Jersey milk are shown. Lower values of L* and b*
colour parameters were reported by Vogdanou
(2014) in Jersey milk fed with grass silage harvest-
ed during different seasons, while values of a* col-
our parameter were similar. Similarly, McDermott
etal (2016) reported lower L* and b* parameters in
Jersey milk kept in grazing system, whereas the val-
ue of parameter a* was similar. It is more common-
ly found that Jersey cows produce milk with higher
carotenoid and fat contents, and consequently their
milk has a more intense yellow colour than milk of
some other dairy breeds (Winkelman et al, 1999).
Values of colour parameter b* in Holstein milk from
grazing system, reported by McDermott et al
(2016), were lower compared to results obtained
in this study. However, in the present study similar
values of colour parameters b* were found to those
reported in Holstein milk during seasonal feeding

regimes (Solah et al, 2007). More precisely, differ-
ences in milk colour are mainly affected by dietary
factors and milk colour can be altered greatly de-
pending on dairy cows” ration composition (Aga-
briel et al, 2007). A more intense (P<0.05) white
colour (L*) was found in milk produced during the
transition and farm-feeding seasons compared to
grazing season results (Table 3). Negative values
of parameter a* were found during all three sea-
sons, with the grazing season being higher (P<0.05)
in comparison to the farming season. More in-
tense yellow colour (i.e. higher parameter b*) was
found during the grazing season compared to the
farm-feeding season (P<0.05). These results are
most probably due to higher concentration of ca-
rotenoids in the fresh voluminous forage that were
transferred into milk throughout the grazing season
(Noziere et al, 2006a).

Correlation coefficients between milk carote-
noid concentration and milk colour parameters in
Jersey milk are shown in Table 3. Moderate positive
correlations (P<0.05; P<0.001) were found between
B-carotene and lutein concentration and milk colour
parameter b*. On the other hand, moderate nega-
tive correlations (P>0.05) of B-carotene and lutein
concentration with milk colour parameter a* were
found. This was expected as parameter a* covers
the colour spectra between red and green, and all
milk carotenoids contribute to milk’s yellowness (i.e.
value of parameter b*). These results correspond
to the results reported by Calderon et al. (2006)
and Kilcawley et al. (2018). Zeaxanthin, as a minor
milk carotenoid, showed low correlation coefficients
(P>0.05) with the analysed milk colour parameters

TaBLE 4. Correlation coefficients between carotenoid concentrations and colour parameters of Jersey milk

L* a* b* B-carotene Lutein Zeaxanthin Retinol

L - 0.730" -0.118 -0.176 0.289 0.296 -0.148
a* - -0.491 -0.476 -0.362 -0.188 -0.458
b* - 0.566* 0.664** 0.032 0442
B-carotene - 0.541* 0.144 -0.458
Lutein - 0412 -0.231
Zeaxanthin - 0.183
Retinol -

P<0.05, "P<0.001
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(Table 3). The yellow colour (b*) of bovine milk is
closely related to the level of B-carotene and fat
content, and it was found that the B-carotene
concentration explains about 40 % of variability

in milk colour (Noziere et al, 2006b). As a result,

greater milk fat and B-carotene content results in
an increase of milk colour parameter b*, resulting
in more yellow colour. It has been suggested that
feeding strategies can be used to alter carotenoid
content in milk and consequently in dairy products
(Noziere et al, 2006a).

Conclusion

The present study confirmed the presence of high
milk fat and protein content in Jersey milk, and it was
found that these contents are affected by seasonal
changes in nutrition. Namely, during the farm season
higher concentrations of both, fat and protein, were

found. Seasonal changes in the types of forage and
ration compositions impacted the concentrations of
lutein and retinol in Jersey milk. Lutein concentration
was higher during a grass-based diet, while retinol
concentration was higher during the farm season
where alfalfa haylage feedings were given. Regard-
ing previous studies, a more intense yellow colour (i.e.
high values of milk colour parameter b*) was found
in Jersey milk, especially during the grazing season.
Moderate and positive correlations were found be-
tween B-carotene and lutein concentration and col-
our parameter b*, suggesting that milk colour can be
used to estimate carotenoid concentrations in milk.
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Koncentracija retinola i karotenoida u mlijeku krava Jersey pasmine
tijekom razlicitih sezona te mogucnost primjene parametra boje kao
pokazatelja sadrZaja karotenoida u mlijeku

Sazetak

Cilj ovog rad bio je utvrditi utjecaj sezone na koncentraciju retinola, B-karotena, luteina i zeaksantina
u mlijeku Jersey krava, te njihovu povezanost s pokazateljima boje mlijeka. Krave (n=77) su tijekom
Sestomjesecnog razdoblja drZzane u staji i hranjene kompletno mijeSanim obrokom (TMR; farmska
sezona), tijekom tri mjeseca boravile se Cetiri sata na pasnjaku i ostatak dana u staji te hranjene
TMR-om (prijelazna sezona), dok su tri mjeseca cijeli dan drZane na pasi uz dohranu koncentratom
(pasna sezona). U razdoblju od svibnja 2018. do travnja 2019. godine tijekom zadnjeg tjedna svakog
mjeseca prikupljani su skupni uzorci mlijeka (200 mL). Koncentracije retinola i karotenoida u mlijeku
su kvantificirane primjenom tekucinske kromatografije visoke djelotvornosti, dok je kemijski sastav
mlijeka odreden primjenom uredaja MilkoScan FT 120. Sezona je imala znacajan (P<0,05) utjecaj na
kemijski sastav mlijeka te je najveci (P<0,05) prosje¢ni sadrZzaj mlijecCne masti, bjelancevina i bezmasne
suhe tvari u mlijeku utvrden tijekom farmske sezone Prosjecne koncentracije (ug/100 mL) retinola,
B-karotena, luteina i zeaksantina u mlijeku su iznosile: 2,56+0,29; 4,15+0,27; 4,43+0,40; i 0,97+0,04.
Utvrden je znacajan (P<0,05) utjecaj sezone na koncentracije luteina i retinola pri Cemu je najveca
koncentracija luteina utvrdena je tijekom pasne sezone, dok je najveca koncentracija retinola utvrdena
u mlijeku tijekom farmske sezone. Umjerene i pozitivne korelacije (P<0.05) utvrdene su izmedu kon-
centracije B-karotena, odnosno koncentracije luteina i b* parametra boje mlijeka 3to se ocituje u Zucoj
boji mlijeka, odnosno vecoj vrijednosti parametra boje b*. Stoga, boja mlijeka moZe posluZiti u procjeni
koncentracije karotena u mlijeku.

Kljucne rijeci: kemijski sastav mlijeka, karotenoidi mlijeka, Jersey pasmina, hranidba
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