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Milk waste is considered a highly polluting material and its disposal is an economic and environmental problem for the dairy
sector. Despite this, it can be turned into a source of nutraceutical products and biodiesel substrate. The objective of this study was
to determine the qualitative and quantitative variation of single fatty acids in cow milk samples before expiration date and within
28 days after expiration date in order to monitor how the profile of the lipid fraction is influenced by different physicochemical
parameters. It was shown that lipolysis in milk is a process independent of time but dependent on the values of pH and total
titratable acidity, while crucial parameters for the lipid oxidation are temperature and time of exposure to atmospheric oxygen. All
of these factors are at the basis of the efficacy of milk storage conditions. Moreover, our data demonstrate that milk, several weeks
after its expiry date, is a rich source of fatty acids that may be recovered as potential substrates for the formulation of economically
viable products and eco-friendly diesel-like fuels.

1. Introduction

Milk is considered a complete food, with true nutraceutical
properties. It contains a wide range of bioactive compounds
that exert healthy properties to both neonates and humans
[1] such as proteins, sugars, mineral salts, vitamins, and
lipids. Nutraceutical formulations are often based on milk
bioactive peptides, which are usually latent and become active
when released after proteolysis of the parent proteins [2].
Nevertheless, lipids represent another important component

of milk, being able to influence the physical, organoleptic,
and nutritional properties of dairy products and playing an
important role in human health promotion and diseases
prevention. However, lipid composition of dairy products
undergoes far-reaching changes during storage, which can
reduce the shelf life and quality ofmilk andmodify the overall
flavor [3]. For these reasons, milk is increasingly subjected
to quality control and safety assessment [4] through the
evaluation of the chemical composition and purity as well as
levels of different microorganisms which are responsible for
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the lipolysis and lipid oxidation phenomena. Lipolysis inmilk
consists in the hydrolysis of triglycerides into free fatty acids
(FFA) and partial glycerides. This process can be mediated
by the lipoprotein lipases (LPLs) naturally occurring in milk
or by the microbial lipases from psychrotrophic bacteria
contaminating the raw milk during cold storage [5, 6]. Since
LPLs are relatively unstable to heat, pasteurization inactivates
most of the enzyme, so that lipolysis rate is significantly
decreased in pasteurized homogenized milk [7]. The release
of short- and medium-chain FFA (from C4 to C10) and their
subsequent conversion to other acids and/or ethyl esters by
microbial lipases produce detrimental features such as rancid
smell and taste and functionality defects [8].

Milk fatty acid composition is a key factor determining
its storage condition. Cow milk, similar to sheep and goat
milk, contains almost 3 times less C14:0 (myristic) acid and
2 times more C16:0 (palmitic) acid than buffalo milk [9]. It
has been reported that cow milk fat in comparison to goat
milk fat contains 54.6% less C6:0 acid, 69.9% C8:0, 80.2%
C10:0, and 56.3% CLA and 75% more C4:0 acid [9]. Donkey
milk contains several times more saturated fatty acids (SFAs)
(C8:0, C10:0, and C12:0), twice less of C14:0 and C16:0 fatty
acids, and ten times less of (C18:0) stearic acid (1.12%) than
cow. In donkey milk, the amount of C18:1 (oleic) acid is 3
times smaller than in milk of other species. Among common
species, donkey milk is one of the richest in polyunsaturated
fatty acids (PUFAs), C18:2, and C18:3 (linoleic and linolenic)
[9].

Milk fatty acid composition mainly depends on the
nutrition of the animals [10, 11]. Actually, many strategies
have been adopted in the attempt to adjust the fatty acid
profile of milk in order to ameliorate its nutritional quality
and to increase its benefits on human health. Dairy cows have
been fed on oils and mixture of vegetable fats to increase the
content of PUFAs in milk [12, 13]. Nevertheless, any increase
in PUFA content had negative effects on milk, making it
more susceptible to oxidation [14]. In fact, lipid oxidation
in milk is highly influenced by its content of unsaturated
fatty acids at a rate that especially depends on the degree of
unsaturation (Timmons et al. (2001) [15]). Therefore, dairy
products from cows fed on diets rich in PUFAs are prone
to oxidation if no precautions against oxidation are taken,
such as adding natural antioxidants to the raw milk [16, 17].
Moreover, numerous nutraceutical formulations for the treat-
ment of oxidative stress conditions [18] and cardiovascular
diseases [19] are based on natural phytochemical extracts
such as polyphenols [20, 21] and carotenoids also recovered
from food by-products [22] together with PUFA from dairy
wastewater, characterized by high fat content. In large dairy
industries, while cleaning the equipment, the residual butter
and related fats are washed out and collected in the effluent
treatment plant. This by-product is usually disposed as
solid waste or incinerated. However, this strategy is not
economically advantageous and generates pollutants. One
possible solution could be to convert the dairy wastewater
into biodiesel and use it as an alternative fuel [23]. Recently,
global attention has been focusing on food industry waste
products as fat sources for developing safe, alternative fuels
that are economically viable and environmentally friendly

[24]. Biodiesel, which is defined as a non-petroleum-based
diesel fuel, is a mono-alkyl (methyl, propyl, or ethyl) ester of
long chain fatty acids. Biodiesel is regarded as an alternative
fuel with similar performance characteristics to petroleum
diesel. It is produced by reacting fats and oils (e.g., vegetable
oils and animal fats) with alcohol in the presence of a catalyst.
The feedstock for biodiesel is largely triglyceride oils which
may be edible vegetable oils such as soybean (commonly
used for biodiesel production in the United States) and
rapeseed (canola) oil (major feedstock for its production in
Europe). However, the global emphasis has been focusing on
the production of biodiesel from low-cost feedstock, such
as waste cooking oil (WCO), which is more economical
and environmentally friendly [25]. Similarly, other fat-based
waste products may be taken into consideration for the
production of alternative fuels such as dairy waste.

In the light of these considerations, the objective of
this study was to determine the qualitative and quantitative
variation of single fatty acids in cow milk samples before
expiration date and within 28 days after expiration date in
order to monitor how the profile of the lipid fraction is
influenced by different physicochemical parameters.

2. Materials and Methods

2.1. Materials. Acetonitrile, clarifying reagent for dairy prod-
ucts, ethylenediaminetetraacetic acid, 𝑁,𝑁-dimethylforma-
mide, 𝑛-hexane, 4-nitrophenol, 4-nitrophenyl butyrate, phe-
nolphthalein, phenylmethanesulfonyl fluoride, 2-propanol,
sodium sulfate, sodium hydroxide, and Tris-buffered saline
(TBS) were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

2.2. Sampling and Sample Preparation. Commercial samples
of bovine milk (skimmed, semiskimmed, and whole) from
Centrale del latte di Salerno (CdLdS) (Salerno, Campania,
Italy) were analyzed; samples were preserved at room tem-
perature and the corresponding fatty acids were extracted
at different weeks after expiration date. The lipid fraction
was obtained from milk by liquid-liquid extraction (LLE).
An aliquot of 15mL of milk was treated with 50mL of a
mixture of isopropanol and 𝑛-hexane (3 : 2 v/v).This solution
was stirred vigorously for 10–15min and the hexane phase
was recovered. The extraction procedure was repeated twice
and the combined hexane fractions were dehydrated first
with 15mL of 0.47M Na2SO4 solution and then treated with
Na2SO4 (3 g) for final dehydration. After solvent removal
under vacuum, the lipid extract was dried at 40∘C to constant
weight. An aliquot of 50𝜇g of lipid extract was dissolved
in dry toluene (1mL) and then treated with 1M sodium
methoxide in dry methanol (1mL) to convert fatty acids
and complex lipids into their corresponding methyl esters
(FAMEs) and analyzed by GC-MS.

2.3. Gas Chromatography-Mass Spectrometry Analysis. Gas
chromatography-mass spectrometry analyses (GC-MS) were
carried out employing an Agilent 6850 Series II apparatus
coupled to an Agilent Mass Selective Detector (MSD) 5273.
A fused silica HP-5MS capillary column was used (30m
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× 0.25mm i.d., 0.33 𝜇m film thickness). MS detection was
performed using an ionization voltage of 70 eV, an electron
multiplier energy of 2000V, and a scan range of 40–550.
Injector and detector temperatures were set at 250 and 280∘C,
respectively. Column temperature was set at 140∘C for 10min,
followed by a first ramp of 15∘C/min until 200∘C. This
temperature wasmaintained for 1min; then a second ramp of
10∘C/min was used until 230∘C. After 1min, a third ramp of
0.4∘C/min was applied until the temperature of 233∘C. After
3min, the final ramp of 0.5∘C/min was used till reaching
the final temperature of 238∘C and maintained for further 2
minutes. Total analysis time was 41.50min. Gases flow rates
(White Martins) were 30mL/min for hydrogen, 30mL/min
for nitrogen, and 250mL/min for synthetic air. Each injection
(1.2 𝜇L)was performed in duplicate.The peak areas of FAMEs
were determined using ChromQuest 4.1 software.

2.4. Acidity and pH Analysis. The pH value and total acidity
were determined in commercial milk samples (skimmed,
semiskimmed, and whole milk) at different weeks after
their expiration date. The pH values were measured using
a digital pH meter of a glass electrode (BASIC 20, Crison).
Prior to use, the pH meter was calibrated with standard
buffer solution (pH 4 and 7). Total titratable acidity (TA)
was determined according to the AOAC method [26]. TA
was determined by measuring the volume (mL) of 0.25N
sodium hydroxide required to titrate 100mL of milk sample,
using phenolphthalein as an indicator (five drops). The milk
sample was titrated to a faint pink color that persisted
after vigorous shaking (end-point). The volume of titrant
consumed corresponded to the amount of lactic acid present
in the sample. The results were expressed in Soxhlet-Henkel
degree (∘SH).

2.5. Total Lipase Activity Assay. A spectrophotometric
method was developed in order to determine the total
activity of the lipase (TLA) inmilk samples, thus determining
the amount of free fatty acids (FFA) liberated from the
triglycerides contained in bovine milk [27]. Through this
method it is possible to quantify the level of 𝑝-nitrophenol
(𝐴max 400 to 420 nm) released after the lipase-catalyzed
hydrolysis of 𝑝-nitrophenyl butyrate, used as a substrate. The
analysis was performed on different milk samples (skimmed,
semiskimmed, and whole milk) at different weeks after their
expiration date. The lipase activity was assayed by detecting
𝑝-nitrophenol on a Genesys 10S UV-Vis Spectrophotometer
(Thermo Fisher Scientific Inc., San Jose, California). The
analyses were carried out at room temperature and the
absorbance was measured at 420 nm. 𝑝-Nitrophenol was
liberated by incubating 500 𝜇L of milk sample with 50 𝜇L of
0.05mM 𝑝-nitrophenol butyrate standard solution and 2mL
of 0.05M Tris buffer, pH 7.6, at 37∘C for exactly 30min. The
reaction was terminated by incubation at 37∘C for 10min
with 400 𝜇L of a solution composed by 3 : 1 (v/v) 0.06M
EDTA, pH 7.6, in NaOH 2N and phenylmethanesulfonyl
fluoride (PMSF) 0.06M in dimethylformamide.This solution
was diluted with 2mL of clarifying reagent solution at 37∘C
for 5min to render casein micelles and fat globules soluble
and allow direct spectrophotometric measurements without

preliminary separation. The final solution was analyzed
at 420 nm against corresponding solvent blank that was
prepared in the same assay conditions, except that lipase
activity inhibitors were added to the milk sample before
adding the substrate solution. Lipase activity was determined
by comparing sample 𝐴420 values with those of a standard
curve prepared with 𝑝-nitrophenol.

2.6. Data Analysis. The experimental results were expressed
as mean ± standard deviation (SD, 𝑛 ≥ 3). Statistical analysis
of data was performed by Student’s 𝑡-test or by two-way
ANOVA followed by the Tukey-Kramermultiple comparison
post hoc test. The level of significance (𝛼-value) was 95%
(𝑃 < 0.05). The degree of linear relationship between two
variables was measured using the Pearson product moment
correlation coefficient (𝑅). Correlation coefficients (𝑅) were
calculated using Microsoft Office Excel.

3. Results and Discussion

3.1. Lipase Activity in theMilk Samples. Lipases are an impor-
tant group of enzymes, being associated with fat metabolism.
In particular, these enzymes hydrolyse the glycerol esters of
fatty acids at the oil/water interface and are responsible for the
production of undesirable rancid flavors [28]. The activity of
lipase in milk is highly correlated to its acidity, a determining
factor for assessing the quality ofmilk products.There are two
main conventions for expressing acidity in dairy products:
titratable acidity and pH. Titratable acidity (TA) plays a
fundamental role in all phases of milk coagulation. This
includes the aggregation rate of para-casein micelles and the
reactivity of rennet. TA also influences the rate of syneresis
and determines the suitability of milk for cheese making.
The pH of milk affects not only the enzymatic reactions
but also its colloidal stability. Table 1 shows the pH and TA
values of 15 commercial milk samples analyzed at several
weeks after their expiry date. The results show that pH values
were in the range of 6.71–4.23 in skimmed milk, 6.72–4.28
in semiskimmed milk, and 6.72–4.61 in whole milk. The
values of TA were in the range of 6.36–58.15 in skimmed
milk, 6.17–52.22 in semiskimmed milk, and 6.17–56.75 in
whole milk. This decrease in pH was attributed to increased
lactic acid levels produced by fermenting bacteria. TA also
increased for the same reasons.

Both the pH values and the degree of acidity did not
change in a regular manner over time. This could probably
be ascribed to the different types of fermentation (both
acidic and putrefactive) which can occur in milk, since
its initial microbial load is heterogeneous. However, as
shown in Table 1, TA was inversely correlated with the
lipase activity level (𝑅 = 0.9178, 0.8545 and 0.8392 for
skimmed, semiskimmed, andwholemilk, resp.) that has been
demonstrated to be highly sensitive to pH. Most of lipases
in milk have pH optimum values of 8.5–9.0, while other
lipases have pH optimum values ranging from 6.5 to 7.9. In
the milk samples analyzed, lipase activity was significantly
low at acidic pH values. In fact, at pH values of 6.71, 5.85,
4.91, 4.33, and 4.23, the amount of𝑝-nitrophenol generated in
skimmedmilkwas 70.8%, 57.1%, 18.3%, and 1.7%, respectively.
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Table 1: pH, titratable acidity, and lipase activity of skimmed, semiskimmed, and whole milk samples at four weeks after their expiration
date.

Milk samples 𝑇0 Week I Week II Week III Week IV

pH value∗
Skimmed milk 6.71 ± 0.01a 4.33 ± 0.01d 4.23 ± 0.01e 4.91 ± 0.01c 5.85 ± 0.02b

Semiskimmed milk 6.72 ± 0.02a 5.51 ± 0.01b 4.55 ± 0.01c 4.28 ± 0.01e 4.41 ± 0.01d

Whole milk 6.72 ± 0.02a 5.38 ± 0.05b 4.61 ± 0.01e 5.22 ± 0.02c 4.73 ± 0.01d

Titratable acidity∗,#
Skimmed milk 6.36 ± 0.03e 35.57 ± 0.49b 58.15 ± 0.46a 28.93 ± 0.40c 16.70 ± 0.01d

Semiskimmed milk 6.17 ± 0.03e 23.41 ± 0.40d 52.22 ± 0.08a 37.00 ± 0.50c 41.66 ± 0.31b

Whole milk 6.17 ± 0.10e 30.20 ± 0.05c 56.75 ± 0.03a 20.56 ± 0.47d 45.45 ± 0.19b

Lipase activity∗,§
Skimmed milk 0.024 ± 0.007a 0.0044 ± 0.0030d 0.0004 ± 0.0005e 0.0137 ± 0.0120c 0.017 ± 0.011b

Semiskimmed milk 0.011 ± 0.003a 0.0037 ± 0.0021b 0.0008 ± 0.0005c 0.0011 ± 0.0004c 0.001 ± 0.005c

Whole milk 0.006 ± 0.001a 0.0012 ± 0.0011c 0.0001 ± 0.0005d 0.0054 ± 0.0010b 0.001 ± 0.001c

∗Milk samples were analyzed in triplicate. Values are expressed ± SD. #Data were expressed in Soxhlet-Henkel degree. §Data were expressed as 𝜇mol of 𝑝-
nitrophenol/mL reaction mixture. Means in the same row followed by different inline letters (a, b, c, d, and e) are statistically different according to Tukey’s
HSD test (𝑃 < 0.05).

Conversely, the percentage of lipase activity in whole milk
decreased by 10.0%, 80.0%, 83.3%, and 98.3%, corresponding
to increasing TA values. In contrast to other enzymes, the rate
at which a lipase-catalyzed reaction proceeds is not governed
by the substrate concentration at the interface between the
lipid substrate and the aqueous phase of an emulsion, but
it is dependent on the amount of free fatty acids, which are
released by disruption of the milk fat globule, exposing the
lipid substrate to the lipase [29].

3.2. FattyAcid Profile ofMilk before ExpirationDate. Thefatty
acid composition of skimmed, semiskimmed, andwholemilk
samples before their expiration date is reported in Table 2.
The saturated fatty acids accounted for 64.3, 47.3, and 42.9%
of total fatty acids in whole, semiskimmed, and skimmed
milk, respectively. The most abundant among saturated fatty
acids was palmitic acid (16:0) (43%), followed bymyristic acid
(14:0) (16%), stearic acid (18:0) (17.5%), and short-chain fatty
acids (C4:0–C10:0) (15%) in all milk samples. Monounsatu-
rated fatty acids represented 31.0, 46.8, and 51.7% of total fatty
acids in whole, semiskimmed, and skimmed milk, respec-
tively. Oleic acid (18:1) was the main monounsaturated fatty
acid, accounting approximately for 77.5%. Polyunsaturated
fatty acids accounted for 4.7, 5.9, and 5.4 of total fatty acids
in whole, semiskimmed, and skimmed milk, respectively.
Among them, the main constituents were dihomo-gamma-
linolenic acid (20:3n-6) (28.4%) and conjugated linoleic acid
(CLAc9t11) (23.8%).The ratio between 𝑛-6 and 𝑛-3 fatty acids
in whole and semiskimmedmilk was 2,1 : 1, while in skimmed
milk it was 2,3 : 1.

3.3. Fatty Acid Profile after Expiration Date. Analysis of
milk samples carried out at different weeks after their
expiration date showed a gradual decrease in their amount
of unsaturated fatty acids, while unchanged quantities of
saturated fatty acids were detected. After first, second, third,
and fourth weeks, the percentage of degradation of both

monounsaturated and polyunsaturated fatty acids of whole
and semiskimmed milk was 25%, 44%, 58%, and 69%,
respectively (Tables 3 and 4).Thedegradation process of some
unsaturated fatty acids in skimmed milk was not constant as
that observed for the other samples (Table 5). The amount of
trans-9 cis-12 octadienoic acid after oneweekwas unchanged,
while alpha-linolenic acid remained constant up to two
weeks. Linolelaidic, heptadec-10-enoic and cis-vaccenic acids
decreased by 20% at first week, 40% at second week, and 60%
at third and fourth weeks.

On the basis of the above-mentioned data, it is evident
that the amount of unsaturated fatty acids decreased over
time, apparently independent of pH, titratable acidity, and
type of milk. On the contrary, crucial parameters for the
fatty acid degradation were storage temperature and time
of exposure to atmospheric oxygen, at the base of the lipid
oxidation process in milk samples.

Knowing how to dispose of waste milk properly is
an essential part of dairy industry management. Serious
problems can developwhenwastemilk is handled incorrectly.
These include damage to the environment and, potentially,
a failed wastewater treatment system. In fact, improper
handling of waste milk is the main reason why wastewater
systems fail. Due to its high organic compound and phos-
phorus content, milk can promote the growth of algae and
aquatic plants which increase the oxygen demand and the
likelihood of fish death. Several milk disposal methods have
been recently proposed in order to face the environmental
pollution question, mainly: feeding to livestock, use as a soil
fertilizer, and manufacturing soaps.

Actually, the employment of waste milk as a source
for alternative biofuels has recently gained general inter-
est. Lateef et al. [30] have shown that inclusion of waste
milk as a cosubstrate during biohydrogen production from
cow manure could improve hydrogen production that is
readily turned into methane, the final product of anaerobic
digestion process. Nevertheless, biodiesel which is derived
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Table 2: Fatty acids composition (MG/G total fatty acids) of the commercial samples of bovine milk (skimmed, semiskimmed, and whole)
from Centrale del Latte di Salerno before their expiration date.

Fatty acids Whole milk Semiskimmed milk Skimmed milk
𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗ 589.04 ± 0.58a 111.31 ± 0.30b 2.99 ± 0.24c

Butyric (C4:0) 34.25 ± 0.74a 6.39 ± 0.21b 0.17 ± 0.05c

Caproic (C6:0) 21.29 ± 0.39a 3.97 ± 0.27b 0.11 ± 0.06c

Caprylic (C8:0) 11.77 ± 0.27a 2.19 ± 0.32b 0.06 ± 0.07c

Capric (C10:0) 22.46 ± 0.37a 4.19 ± 0.43b 0.11 ± 0.08c

Lauric (C12:0) 25.52 ± 0.42a 4.76 ± 0.54b 0.13 ± 0.09c

Tridecanoic acid (C13:0) 0.84 ± 0.57a 0.16 ± 0.05b 0.004 ± 0.001c

Myristic (C14:0) 93.78 ± 0.66a 17.51 ± 0.76b 0.48 ± 0.40c

Pentadecanoic (C15:0) 13.80 ± 0.71a 2.58 ± 0.88b 0.07 ± 0.01c

Palmitic (C16:0) 251.70 ± 0.85a 46.99 ± 0.92b 1.28 ± 0.47c

Margaric (C17:0) 8.07 ± 0.74a 1.51 ± 0.84b 0.04 ± 0.03c

Stearic (C18:0) 103.90 ± 0.68a 19.40 ± 0.74b 0.53 ± 0.21c

Arachidic (C20:0) 1.66 ± 0.51a 1.66 ± 0.65a 0.008 ± 0.003b

𝑀𝑜𝑛𝑜𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗ 283.68 ± 0.44a 110.13 ± 0.56b 3.61 ± 0.43c

Myristoleic (C14:1) 8.99 ± 0.32a 3.49 ± 0.47b 0.09 ± 0.04c

Palmitoleic (C16:1) 12.13 ± 0.26a 4.70 ± 0.50b 0.12 ± 0.05c

Heptadec-10-enoic acid (C17:1) 5.60 ± 0.18a 2.17 ± 0.33b 0.05 ± 0.06c

Elaidic (C18:1𝑛-9t) 25.51 ± 0.25a 9.89 ± 0.27b 0.27 ± 0.04c

Oleic (C18:1𝑛-9c) 216.70 ± 0.34a 84.05 ± 0.11b 2.92 ± 0.87c

Vaccenic acid (C18:1𝑛-7t) 9.47 ± 0.47a 3.78 ± 0.57b 0.10 ± 0.04c

cis-Vaccenic acid (C18:1𝑛-7c) 5.28 ± 0.50a 2.05 ± 0.63b 0.056 ± 0.004c

𝑃𝑜𝑙𝑦𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗ 42.88 ± 0.63a 13.97 ± 0.70b 0.38 ± 0.35c

Linolelaidic (C18:2𝑛-6t) 5.56 ± 0.72a 1.81 ± 0.81b 0.05 ± 0.04c

trans-9, cis-12 octadienoic acid (C18:2t9c12) 2.54 ± 0.92a 0.83 ± 0.09b 0.02 ± 0.01c

Gamma-linoleic (C18:2𝑛-6) 8.01 ± 0.84a 2.61 ± 0.79b 0.07 ± 0.03c

Alpha-linolenic (C18:3𝑛-3) 3.82 ± 0.79a 1.24 ± 0.68b 0.03 ± 0.07c

Dihomo-gamma-linolenic acid (C20:3𝑛-6) 11.99 ± 0.60a 3.91 ± 0.57b 0.11 ± 0.05c

Conjugated linoleic acid (CLAc9t11) 10.18 ± 0.53a 3.32 ± 0.46b 0.09 ± 0.04c

Conjugated linoleic acid (CLAt10c12) 0.78 ± 0.04a 0.25 ± 0.03b 0.007 ± 0.001c

∗Milk samples were analyzed in triplicate. Values are expressed ± SD. Means in the same row followed by different inline letters (a, b, and c) are statistically
different according to Tukey’s HSD test (𝑃 < 0.05).

from triglycerides by transesterification has been attracting
considerable attention as a renewable, biodegradable, eco-
friendly, and nontoxic fuel [24]. Biodiesel is currently more
expensive than pure diesel, since costs of biodiesel production
are highly dependent on the costs of feedstock [31, 32]. At
present, partially or fully refined and edible-grade vegetable
oils such as soybean, rapeseed, sunflower, and palm oil are
the predominant feedstock for biodiesel production, which
obviously results in the high price of biodiesel. Therefore,
waste edible oil such as waste cooking oil seems to be a good
substitute in order to reduce cost [33]. Our data (Tables 3–5)
demonstrated that expired milk is still rich in those fatty
acids that are the main constituents of the waste cooking
oils used for the biodiesel production, such as palmitic,
myristic, and oleic acids [34]. What is more, a significant
amount of these glycerides in the expiredmilk already occurs

in a hydrolysed form so that minor quantities of catalysts
than employed for waste cooking oils for the esterification
and transesterification reactionswould be necessary, partially
solving an economical and environmental question.

4. Conclusion

In conclusion, the present study showed that lipolysis in milk
is a process independent of time but dependent on the values
of pH andTA,while crucial parameters for the lipid oxidation
are temperature and time of exposure to atmospheric oxygen.
All of these factors are at the base of the efficacy of milk
storage conditions. Moreover, our data demonstrated that
milk several weeks after its expiration date is a rich source
of fatty acids that may be recovered as a potential substrate
for the formulation of alternative diesel-like fuels.
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Table 3: Fatty acid profile (MG/G total fatty acids) of whole milk samples at different weeks after their expiration date.

Whole milk 𝑇0 Week I Week II Week III Week IV
𝑀𝑜𝑛𝑜𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Myristoleic (C14:1) 8.99 ± 0.32a 6.74 ± 0.49b 5.06 ± 0.23c 3.79 ± 0.36d 2.84 ± 0.32e

Palmitoleic (C16:1) 12.13 ± 0.41a 9.10 ± 0.55b 6.82 ± 0.34c 5.12 ± 0.48d 3.84 ± 0.32e

Heptadec-10-enoic acid (C17:1) 5.60 ± 0.58a 4.20 ± 0.32b 3.15 ± 0.45c 2.36 ± 0.88c,d 1.77 ± 0.17d

Elaidic (C18:1𝑛-9t) 25.51 ± 0.60a 19.13 ± 0.32b 14.35 ± 0.56c 10.76 ± 0.93d 8.07 ± 0.27e

Oleic (C18:1𝑛-9c) 216.70 ± 1.18a 162.53 ± 0.62b 121.89 ± 1.05c 91.42 ± 1.01d 68.57 ± 0.93e

Vaccenic acid (C18:1𝑛-7t) 9.47 ± 0.72a 7.10 ± 0.73b 5.33 ± 0.66c 4.00 ± 0.13d 3.00 ± 0.22e

cis-Vaccenic acid (C18:1𝑛-7c) 5.28 ± 0.86a 3.96 ± 0.48a,b 2.97 ± 0.74b,c 2.23 ± 0.14c,d 1.67 ± 0.24d

𝑃𝑜𝑙𝑦𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Linolelaidic (C18:2𝑛-6t) 5.56 ± 0.76a 4.17 ± 0.74a,b 3.13 ± 0.83b,c 2.35 ± 0.28c,d 1.76 ± 0.33d

trans-9, cis-12 octadienoic acid (C18:2t9c12) 2.54 ± 0.64a 1.91 ± 0.66a,b 1.43 ± 0.37b,c 1.07 ± 0.37c,d 0.80 ± 0.36d

Gamma-linoleic (C18:2𝑛-6) 8.01 ± 0.53a 6.01 ± 0.59b 4.51 ± 0.58c 3.38 ± 0.46d 2.53 ± 0.21e

Alpha-linolenic (C18:3𝑛-3) 3.82 ± 0.41a 2.87 ± 0.40a,b 2.15 ± 0.49b,c 1.61 ± 0.45c,d 1.21 ± 0.27d

Dihomo-gamma-linolenic acid (C20:3𝑛-6) 11.99 ± 0.37a 8.99 ± 0.33b 6.74 ± 0.31c 5.06 ± 0.55d 3.79 ± 0.46e

Conjugated linoleic acid (CLAc9t11) 10.18 ± 0.22a 7.64 ± 0.28b 5.73 ± 0.22c 4.29 ± 0.68d 3.22 ± 0.68d

Conjugated linoleic acid (CLAt10c12) 0.78 ± 0.34a 0.59 ± 0.16a,b 0.44 ± 0.32b,c 0.33 ± 0.23b,c 0.25 ± 0.22c

∗Milk samples were analyzed in triplicate. Values are expressed ± SD.Means in the same row followed by different inline letters (a, b, c, d, and e) are statistically
different according to Tukey’s HSD test (𝑃 < 0.05).

Table 4: Fatty acid profile (MG/G total fatty acids) of semiskimmed milk samples at different weeks after their expiration date.

Semiskimmed milk 𝑇0 Week I Week II Week III Week IV
𝑀𝑜𝑛𝑜𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Myristoleic (C14:1) 3.49 ± 0.23a 2.62 ± 0.32b 1.96 ± 0.21c 1.47 ± 0.37c,d 1.10 ± 0.63d

Palmitoleic (C16:1) 4.70 ± 0.34a 3.53 ± 0.47b 2.64 ± 0.32c 1.98 ± 0.47c,d 1.49 ± 0.74d

Heptadec-10-enoic acid (C17:1) 2.17 ± 0.45a 1.63 ± 0.14b 1.22 ± 0.17c 0.92 ± 0.26c,d 0.69 ± 0.53d

Elaidic (C18:1𝑛-9t) 9.89 ± 0.56a 7.42 ± 0.25b 5.56 ± 0.56c 4.17 ± 0.75d 3.13 ± 0.94d

Oleic (C18:1𝑛-9c) 84.05 ± 1.05a 63.04 ± 0.37b 47.28 ± 0.32c 35.46 ± 0.64d 26.59 ± 0.85e

Vaccenic acid (C18:1𝑛-7t) 3.78 ± 0.66a 2.84 ± 0.44b 2.13 ± 0.33c 1.59 ± 0.53c,d 1.20 ± 0.77c,d

cis-Vaccenic acid (C18:1𝑛-7c) 2.05 ± 0.74a 1.54 ± 0.35a 1.15 ± 0.63a,b 0.86 ± 0.46a,b 0.65 ± 0.63b

𝑃𝑜𝑙𝑦𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Linolelaidic (C18:2𝑛-6t) 1.81 ± 0.83a 1.36 ± 0.46a,b 1.02 ± 0.44a,b 0.76 ± 0.32a,b 0.57 ± 0.50a

trans-9, cis-12 octadienoic acid (C18:2t9c12) 0.83 ± 0.17a 0.62 ± 0.05a 0.47 ± 0.57a,b 0.35 ± 0.29a,b 0.26 ± 0.17b

Gamma-linoleic (C18:2𝑛-6) 2.61 ± 0.28a 1.96 ± 0.14b 1.47 ± 0.63c 1.10 ± 0.16c,d 0.83 ± 0.46d

Alpha-linolenic (C18:3𝑛-3) 1.24 ± 0.49a 0.93 ± 0.17a 0.70 ± 0.71a,b 0.52 ± 0.24b 0.39 ± 0.32b

Dihomo-gamma-linolenic acid (C20:3𝑛-6) 3.91 ± 0.31a 2.93 ± 0.22b 2.20 ± 0.83b,c 1.65 ± 0.37c,d 1.24 ± 0.30d

Conjugated linoleic acid (CLAc9t11) 3.32 ± 0.12a 2.49 ± 0.25b 1.87 ± 0.21c 1.40 ± 0.43c,d 1.05 ± 0.18d

Conjugated linoleic acid (CLAt10c12) 0.25 ± 0.02a 0.19 ± 0.04a,b 0.14 ± 0.14a,b 0.11 ± 0.08b,c 0.08 ± 0.03c

∗Milk samples were analyzed in triplicate. Values are expressed ± SD.Means in the same row followed by different inline letters (a, b, c, d, and e) are statistically
different according to Tukey’s HSD test (𝑃 < 0.05).

Additional Points

Practical Applications. The present work can contribute to
clarifying the factors that are at the base of the efficacy of
milk storage conditions. Data regarding the milk fatty acid
profile after its expiration date may encourage the recovery

and use of this waste product as a potential substrate for the
formulation of alternative diesel-like fuels.

Conflicts of Interest

The authors declare that there are no conflicts of interest.



Journal of Food Quality 7

Table 5: Fatty acid profile (MG/G total fatty acids) of skimmed milk samples at different weeks after their expiration date.

Skimmed milk 𝑇0 Week I Week II Week III Week IV
𝑀𝑜𝑛𝑜𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Myristoleic 0.09 ± 0.02a 0.07 ± 0.04a 0.05 ± 0.03a 0.04 ± 0.04a 0.03 ± 0.07a

Palmitoleic 0.12 ± 0.03a 0.09 ± 0.05a 0.07 ± 0.07a 0.05 ± 0.05a 0.04 ± 0.06a

Heptadec-10-enoic acid 0.05 ± 0.05a 0.04 ± 0.02a 0.03 ± 0.03a 0.02 ± 0.01a 0.02 ± 0.04a

Elaidic 0.27 ± 0.06a 0.20 ± 0.06a,b 0.15 ± 0.07b,c 0.11 ± 0.01c,d 0.09 ± 0.07d

Oleic 2.92 ± 0.07a 2.19 ± 0.07b 1.64 ± 0.14c 1.23 ± 0.22d 0.92 ± 0.04e

Vaccenic acid 0.10 ± 0.08a 0.08 ± 0.02a 0.06 ± 0.01a 0.04 ± 0.06a 0.03 ± 0.05a

cis-Vaccenic acid 0.06 ± 0.04a 0.04 ± 0.03a 0.03 ± 0.02a 0.02 ± 0.07a 0.02 ± 0.03a

𝑃𝑜𝑙𝑦𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑∗

Linolelaidic 0.05 ± 0.05a 0.04 ± 0.02a 0.03 ± 0.02a 0.02 ± 0.02a 0.02 ± 0.08a

trans-9, cis-12 octadienoic acid 0.02 ± 0.05a 0.02 ± 0.02a 0.01 ± 0.01a 0.01 ± 0.01a 0.01 ± 0.01a

Gamma-linoleic 0.07 ± 0.04a 0.05 ± 0.01a 0.04 ± 0.02a 0.03 ± 0.01a 0.02 ± 0.08a

Alpha-linolenic 0.03 ± 0.03a 0.02 ± 0.02a 0.02 ± 0.02a 0.01 ± 0.01a 0.01 ± 0.07a

Dihomo-gamma-linolenic acid 0.11 ± 0.02a 0.08 ± 0.02a,b 0.06 ± 0.03b,c 0.05 ± 0.08b,c 0.03 ± 0.03c

Conjugated linoleic acid 0.09 ± 0.02a 0.07 ± 0.04a,b 0.05 ± 0.01b 0.04 ± 0.07b 0.03 ± 0.01b

Conjugated linoleic acid 0.007 ± 0.004a 0.005 ± 0.004a 0.004 ± 0.001a 0.003 ± 0.001a 0.002 ± 0.001a

∗Milk samples were analyzed in triplicate. Values are expressed ± SD.Means in the same row followed by different inline letters (a, b, c, d, and e) are statistically
different according to Tukey’s HSD test (𝑃 < 0.05).
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