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Abstract
Background and Objective:  The quality of cow's milk from imported races is a new subject in the field of milk production in Algeria while
taking into account the new breeding conditions these animals are subjected to. Consequently, this study aims to study the effect of one
of these conditions, the lactation stage, on milk physico-chemical parameters along with its impact on Fatty Acids (FA) content.
Methodology:  A group of 340 dairy cows were spread out over 3 dairy-farms located in the surrounding of Algiers. They were monitored
for 10 month’s lactation at a rate of one sampling a month in order to cover 3 stages: Early, mid and late lactation. Results: The study
showed that lactation stage significantly contributes (p<0.05) to variation of some physico-chemical parameters (acidity, density and Fat
Levels (FL)) of milk delivered to local transformers. Milk (FA) profile significantly changed too (p<0.05) with a weak proportion of Saturated
Fatty Acids (SFA) at early lactation, increasing very significantly (p<0.0002) at late lactation (60.73 vs. 66.16% respectively). The Short and
Medium Chain Fatty Acids (SMCFA), except for C4:0 were rather in weak proportion at early lactation stage and increased during the
advance of the process. However, Long Chain Fatty Acids (LCFA), particularly C18:0 and C18:1 showed an opposite tendency with a high
proportion at early lactation. No lactation stage influence was shown on C18:2 and C18:3 contents (p>0.05). Conclusion:  By controlling
the breeding conditions, the study showed that lactation stage significantly contributes to variation in Algiers milk fat composition and
alters the activity of fatty acid pathways. Besides, milk will get interesting nutritional qualities.
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INTRODUCTION

Bovine milk is a complex liquid containing approximately
4.6% lactose, 3.9% fat, 3.2% protein and 0.7% minerals1. Milk
lipids are made up of more than 98% of triglycerides, source
of more than 400 Fatty Acids (FA)2.
Milk FAs take source from dietary intake, de novo

synthesis in the mammary gland, they are also formed in the
rumen through ruminal biohydrogenation and can be
released from body lipids mobilization3,4.

However, several factors affect the milk physico-chemical
composition and particularly the lipid fraction. It generally,
varies in accordance with seasons, lactation number, feeding
and health-status4-6.
Many studies have been carried out in Algeria in order to

study physico-chemical parameters or milk hygienic quality
from  farms   or   dairy   units  but  few  of them have studied
the fatty acid composition7-11. This  study contributes to
investigate among dairy cows introduced in the country, the
evolution of some physico-chemical parameters according to
the lactation stage of milk intended to transformation. The
objective was to assess the ideal cow lactation stage to
increase the cheese-yield and to suggest the best possible
stage lactation distribution to increase the FA contents,
healthy for the consumers’ while reducing harmful ones and
therefore, provide a qualitative nutritional intake product.

MATERIALS AND METHODS

Location of the dairy cows: This  study  is  carried  out over
340 dairy  cows  from  a  variety of imported races introduced
in  Algeria   (Holstein   and  Montbeliard), accompanied as far
as  their   10th   lactation   month and spread over 3 dairy
farms located in the  Mitidja,  a  grassland from Northern
Algeria  (Algiers  latitude 36E46’34” N, longitude 3E3’36” E,
Blida latitude 36E29’ N, longitude 2E50’ E, Tipaza latitude
36E35’31” N, longitude 2E26’58” E).

Dairy cow’s feeding:  The   experiment   was   held   in  real
dairy-farming conditions with similar total mixed ration over
the 3 farms and made up of oathay, straw and concentrate
feed defined and prepared in-situ within the farm by the
breeder (Table 1). Grass rationing is served at will and watering
made 3-4 times per day.

Sampling procedure: Milk sampling was carried out from the
morning on every lactation month. All samples were stored at
4EC until prior to used for analysis.

Table 1: Formulation of total mixed ration distributed (all farms)
Compositions Percentage
Oat hay 42.31
Straw 19.23
Concentrate feed 38.46
Total 100.00
Concentrate feed
 Maize grains  33.00
 Wheat bran  57.00
 Barley grains  8.00 
 Minerals and vitamins  2.00
 Total  100.00

Three lactation steps are taken into consideration during
this study: Early, mid and late ones. The initial step shows the
first three months lactation average value. The second one
refers to the 4th until the 6th month and the third one from
7th-10th month.

Analysis: The acidity and density measures were determined
according  to the AFNOR standards (NF V04-206, 1969) and
(NF V04-204, 2004)12. Total Dry Extract (TDE) was determined
using an infrared desiccator.  Protein  Levels (PL) were
obtained after measuring  the total amount of nitrogen
protein according to the Kjeldhal method (ISO 8968-1, IDF
020-1: 2014)13,  whereas Fat Levels (FL) were determined by
the Gerber’s method (NF V04-210, 2000)12.

The conversion factor (0.945) enables to infer Total Fatty
Acids (TFA) proportions contained in milk fat14.

Fatty Acid Methyl Esters (FAMEs) were prepared
according to ISO Standards15 after fat extraction16. They were
analyzed by an Agilent GC 6890A gas chromatograph (Agilent
Co. Ltd, USA) coupled to a mass-selective detector (MSD 5973)
from the same  company,  using  a  fused  silica capillary
column (HP-Wax, 60 m×0.25 mm, 0.25 µm film thickness,
Agilent Co. Ltd, USA). The carried gas was helium at flow rate
0.5 mL/min. The injection volume was 1 µL in 1:20 split mode.
The injector temperature was maintained at 250EC. The initial
oven temperature was held at 40EC for 4 min, increased to
140EC at a rate of 10EC/min (held for 1 min) and then
increased by 2EC/min to a final temperature of 240EC (held for
2 min).

Identification  of  common  FA  (Fig. 1) was performed
with NIST’02 [US National Institute of Standards and
Technology (NIST), Gaithersburg, MD, USA] mass spectral
database.

Three replicates were performed for each sample. The
average of these three values and Standard Deviation (SD)
were determined for each identified component.

Statistical analysis: Data from 340 dairy cow’s milk (all races
combined) were statistically treated by ANOVA one factor
criterion by analysis of variance using STATISTICA version 6.1
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Fig. 1: Chromatogram   of   some   common   fatty   acids   in   milk,   C4:0:  Butyric, C6:0: Caproic, C8:0: Caprylic, C10:0: Capric,
C12:0:  Lauric,  C14:0:  Myristic,  C15:0:  Pentadecanoic,  C16:0:  Palmitic,  C16:1:  Palmitoleic,  C17:0: Margaric, C18:0: Stearic,
C18:1: Oleic, C18:2: Linoleic and C18:3: Linolenic

Table 2: Means and significance effects of lactation stage on milk physico-chemical composition
Lactation stage
-------------------------------------------------------------------------------------------------------------------

Physico-chemical parameters Early Mid Late p-value
pH 6.60±0.06 6.65±0.02 6.67±0.02 NS1

Acidity (ED) 17.93±0.95a 17.26±0.16ab 16.69±0.18b 0.04
Density 1030.93±0.23ab 1030.27±0.04b 1031.66±0.75a 0.03
TDE (g LG1) 120.73±2.39b 120.37±0.58b 126.37±2.90a 0.02
Fat-free dry matter (g LG1) 84.93±0.04 84.20±0.15 85.02±0.93 NS
PL (g LG1) 30.43±0.87 31.64±0.34 31.86±0.70 NS
FL (g LG1) 35.80±2.80b 36.17±0.66b 41.11±2.72a 0.03
TFA (g LG1) 33.83±2.64b 34.18±0.63b 38.85±2.57a 0.03
1p>0.05, In each column, values (mean±SD) mentioned with different letters are significantly different (p<0.05) by using Duncan’s test. The letter “a” corresponds to
the highest adjusted mean. In a same column, values with different letters differ significantly from each other

(Statsoft, France). Analysis is based on a model described by a
categorical explanatory variable (one variability  factor) which
is in our case lactation stage.

When ANOVA results are significant (p<0.05), Duncan’s
test multiple averaging was applied. It permits to study in
detail significant variations recorded in each different lactation
stage group: Early, mid and late.

RESULTS AND DISCUSSION

Typical milk characteristics: The variance results (ANOVA
using one-way analysis of variance) showed a significant
lactation stage effect (p<0.05) on acidity, density, TDE, FL and
also TFA, but, it revealed no effect (p>0.05) on PL, fat-free dry
matter and pH (Table 2). 

Titratable acidity raised at early and mid lactation
compared to the late one (p<0.02) with +1.24ED, which
confirms  Coulon  et  al.17   results  with  +1.10ED and
Boudalia’s et al.9  ones at early lactation. However, TDE, FL and
TFA showed an opposite trend: They were higher in late
lactation compared with the early and the mid ones. The same
tendency was observed for density, which remains in the
standards  but  with a difference of +1.39 (Table 2), a result
that was already reported both by Benyounes et al.7 and
Legarto et al.18. However, Boudalia et al.9 recorded lower
values at early lactation (1028-1029).

The  TDE  increases  as  lactation progresses  (p<0.02;
Table 2). This tendency is in accordance with the one obtained
by Nantapo et al.19 but  lower  than  that  obtained  by
Boudalia et al.9 at early lactation (125-130 g LG1).
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Besides, FL and TFA are at their lowest levels at early
lactation stage (Table 2). These minimal contents correspond
to the average amount of the first three month’s lactation
period characterized by a depression phase during the peak
milk yield18,20,21. This could explain their weakness observed
during this step compared to the two other lactation ones.
They increase in mid lactation in order to reach the maximal
values in  late  lactation (p<0.03) in agreement with the
Legarto et al.18 results.

Moreover, PL have ofcourse increased during lactation
but  without any impact of the lactation stage (p >0.05). Off
the first  lactation week and to a lesser extent in the last
month, some studies have proved that the proportion of
casein contained in proteins don’t vary under lactation-stage
effect17,  whereas  others20  have   shown   a  very significant
content-variation in PL during lactation.

Duchacek et al.22 and  Bousbia  et al.23 have noticed that
FL differences are better marked than PL changes during the
17 first weeks of lactation.

Fatty acids profiles: Statistical analysis showed a significant
effect of lactation stage on milk FA profile with a highly effect
on SFA and unsaturated ones (UFA) (p<0.0003), but for this
last family, the effect is oriented mainly on mono-unsaturated
fatty acids (MUFA),  whereas  it  showed no significant effect
(p>0.05) on the poly-unsaturated ones (PUFA).

The amount of SFA significantly increases from 60.73 % at
early lactation up to 64.30% in  midlactation  (p<0.002) to
reach a value of 66.16% in late lactation (p<0.03, Fig. 2). These 

results  are   in   accordance   with   those   obtained  by
Legarto et al.18, Craninx et al.21  and Soyeurt et al.24, which
reported a 3 to 6 percent increase in the 4 to 6 lactation early
months.

For milk transformers, the high SFA contents do improve
conservation and stability of the final products by extending
their shelf-life but maybe at the expense of the consumer’s
health increasing the risks of circulatory diseases19.

Among SFA, butyric acid (C4:0) highly decreased from
early to late lactation  (p<0.0003, Table 3). It comes out that
the early lactation stage of cows’ milk from Algiers area are
significantly richer in C4:0 than the mid and late lactation
ones. These results are in accordance with some studys20,25-27.

Fig. 2: Milk  fatty  acids  distribution  according  to  lactation 
stage.  *Significantly  different  (p<0.05),  SFA:   Short 
fatty  acids, UFA: Unsaturated fatty acids, MUFA:
Monounsaturated fatty acids, PUFA: Polyunsaturated
fatty acids

Table 3: Means contents and significance of effects of lactation stage on milk fatty acids composition
Lactation stages
-----------------------------------------------------------------------------------------------------------------------

Fatty acids (%) Early Mid  Late p-value
SMCFA
C4:0 3.21±0.36 a 2.17±0.27b 1.68±0.13c 0.0003
C6:0 0.63±0.05 0.49±0.21 0.80±0.16 NS1

C8:0 0.82±0.21 0.83±0.12 0.86±0.05 NS
C10:0 2.25±0.22b 2.27±0.23b 2.63±0.09a 0.04
C12:0 2.93±0.33b 3.37±0.11a 3.53±0.13a 0.02
C14:0 8.90±0.46b 11.70±1.07a 12.60±0.13a 0.0003
C15:0 1.26±0.07 1.39±0.15 1.47±0.10 NS
C16:0 27.50±1.17b 30.70±0.97a 31.80±0.30a 0.0007
C17:0 0.90±0.04 0.98±0.12 1.18±0.17 NS
LCFA
C18:0 11.50±0.04a 9.30±0.69b 8.50±0.11c 0.00005
MUFA
C16:1 2.40±0.28a 2.26±0.13a 1.91±0.12b 0.02
C18:1 30.40±0.98a 26.90±1.30b 25.50±0.08b 0.0005
PUFA
C18:2 5.50±0.02 5.51±0.04 5.55±0.05 NS
C18:3 0.24±0.01 0.25±0.01 0.25±0.02 NS
Others 1.66±0.08 1.88±0.15 1.72±0.16 NS
1p>0.05, In each column, values (mean±SD) mentioned with different letters are significantly different (p<0.05) by using Duncan’s test. The letter “a” corresponds to
the highest adjusted mean. In a same column, values with different letters differ significantly from each other. SMCFA: Short and medium chain fatty acids, LCFA: Long
chain fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids
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Among SMCFA, lauric (C12:0), myristic (C14:0) and
palmitic  (C16:0)  acids  markedly  increased   in  mid lactation
(p<0.03,   p<0.0009 and   p<0.002  respectively)  up to +0.44,
+2.80 and +3.20% respectively, to get steady until late
lactation. Stoop et al.26 mentioned an increase of C16:0
between early and mid lactation of +2.1%, which is in
accordance with the trend observed in our study. Kay et al.25

and Bilal et al.27 highlighted the same trend for these FA from
early to mid lactation.
Lauric (C12:0), myristic (C14:0) and palmitic (C16:0) acids

were proved to be the increase of total plasma and LDL
cholesterol cause; therefore, their presence with high contents
is unwanted28-30.
Stearic acid (C18:0) in high content at early lactation,

linearly   failed    and   decreased   in   mid   (11.50   vs. 9.30%,
p<0.0004)  and   in   late   lactation  (9.30  vs.  8.50, p<0.03;
Table  3). This  trend  is  in  accordance  with  the once
obtained by Craninx et al.21, Stoop et al.26, Bilal et al.27 and
Bainbridge et al.31. A  study showed the C18:0 protective
effects from some circulatory diseases32.
However, the high content in butyric acid compared to

the other short-chain FA can be explained because its
synthesis  is  not  inhibited  at  all resulting from two
inhibition-free Acetyl CoA Carboxylase sources: One half,
comes directly from a four preformed carbon atoms group
called $-hydroxybutyrate; the second half is formed through
a free malonyl-CoA way using the condensation of the acetyl
units5,33. The whole short-chain FA, derived from denovo
synthesis in the mammary gland, make up an important
source of energy to the consumer as they are quickly
synthesized in the digestive tract and then metabolized by
liver33.
Moreover, UFAs and that of MUFAs decrease significantly

from 39.27-35.70% from early to mid lactation (p<0.001) to
reach 33.84% in late lactation (p<0.05) for  the  UFA  and
33.52-29.94% from early to mid, to reach 28.05% in late
lactation (p<0.0003) for MUFA (Fig. 2). Among this latter
family, C18:1, known to be favourable to human health34

showed  high  contents  at early lactation and a significant
drop of 3.5% at mid lactation to be steady until late lactation
(Table 3). 
This   result   is   in   accordance   with   those   of 

Palmquist et al.5, Duchacek et al.22, Kay et al.25, Stoop et al.26,
Nogalski  et   al.35,   Samkova   et   al.36   and   Stadnik  et al.37,
who suggest that high content of C18:1 during early lactation
could be explained by the fact that the dairy cow would be in
a negative energetic balance situation with on one hand, a
LCFA rallying increase from the adipose tissue reserves and

SMCFA  de novo  inhibition synthesis in the mammary gland
and  on  the  other  hand,  a  weak  ingested  dietary  amount,
hence the poor availability of acetate and $-hydroxybutyrate
FA precursors.
These changes may show a  counterbalance between

SMCFA  concentrations  and  the  circulatory  lipids  FA.
Usually, these latter increases while C18:0 and C18:1 FA
decrease during lactation development21,38. However, some
researchers noticed that C18:0 and a C18:1 rising in late
lactation20,26.
These changes reveal some variations concerning the

synthetic FA amounts in the mammary gland3. Indeed, studies
showed that FAs going from C4:0-C14:0 and about 50% of
C16:0 result from de novo  synthesis within mammary gland
whereas LCFA, such as C18:1 come from in circulatory system
lipids and result either from nutritional sources or from body
lipids4,33.
On the other hand, linoleic (C18:2) and "-linolenic (C18:3)

acids showed  a  little  change  during lactation (Table 3).
These results are in accordance with those obtained by
Legarto et al.18 wand  Bitman  and  Wood38.  Nevertheless,
Wang  et  al.39  noticed   a   0.32%  decrease  of  C18:2 from
early to late  lactation  but  without significant difference
concerning  C18:3.  Garnsworthy   et   al.20,  Craninx et al.21 and
Nantapo et al.19 noticed a significant influence of lactation
stage over C18:2 and C18:3 content variation during lactation,
especially as these latter are considered to be vital “Fatty
Acids” and fundamental to Human Health30,40. Consequently,
the C18:2 high proportions noticed in  this  study, inform
about the good nutritional quality and the PUFA richness of
Algiers-milk.

SIGNIFICANCE STATEMENT

The aim of this study was to determine the influence of
lactation stage on milk fatty acid profile from a variety of
imported cow’s races introduced in Algeria. The objective was
to suggest the best lactation stage in order to increase for
consumers the content of healthy fatty acids, with reducing
those which are harmful. Results shown that, relatively to mid
and late lactation stages, Algerian cow’s milk from early
lactation stage contain interesting nutritional qualities for
consumers and dairy transformers.
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