
International Journal of Nutritional Science and Food Technology Volume 5 Issue 6, July 2019

Citation: Hayam Mohamed Abbas et al. (2019) , Bioactive-Lipids Distribution in Buffalo Fatty Products Int J Nutr Sci & Food Tech. 5:6, 34-42

International Journal of Nutritional Science and 
Food Technology 

Bioactive-Lipids Distribution in Buffalo Fatty Products
ISSN 2471-7371

34

Laila Badawy Abd El-Hamid1, Hayam Mohamed Abbas*2, Abd El-Hamid Abo El Hassan Asker1, Jihan Mohamed 
Kassem2, Mohamed Ibrahim Salama2

1Faculty of Agriculture, Ain Shams University, Shobra El- Khema, Egypt
2Dairy Department, National Research Centre, 33 th El- Bohouth St, Giza, Egypt

Copyright: © 2019 Hayam Mohamed Abbas et al.This is an open-
access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source 
are credited

Citation: Hayam Mohamed Abbas et al. (2019) , Bioactive-Lipids 
Distribution in Buffalo Fatty Products Int J Nutr Sci & Food Tech. 5:6,
34-42

 Received: July 03, 2019
 Accepted: July 10, 2019  
 Published: July 31 , 2019

Abstract

Corresponding author: Hayam Mohamed Abbas
Dairy Department, National Research Centre, 33 th El- Bohouth St, 
Giza, Egypt 
Email: prof.hayamabbas@yahoo.com.

Research Article

Objective: Bioactive lipids play an important role in human health and there is a serious concern about the impact of the technological 
steps on the distribution of bioactive lipids and phospholipids between the fatty product and their by-products. So, this research is an ef-
fort to illustrate the effect of skimming and churning on bioactive lipids distribution. Thirty two individual samples of buffalo raw milk were 
skimmed to obtain cream and skim milk. Cream was churned to get butter and butter milk.
Methods: Fatty acids profile included butyric acid (BA), short chain fatty acids (SCFAs), conjugated linoleic acid (CLA), odd & branched 
chain fatty acids (OBCFAs) and trans fatty acids (TFAs) had been assayed by using GC-MS apparatus. Phospholipids (PLs) fractions were 
determined using 31P-NMR technique. 
Results: Data detected that buffalo cream samples had higher content of BA (1.27%) than skim milk (1.07%).
While, butter milk samples contained higher values of BA (1.03%) than butter samples (0.98%). On the other hand, obtained results, mani-
fested that cream sample had higher values of conjugated diene and triene acids (0.7775 and 0.1675%) than skim milk sample (0.7027 and 
0.0933%), respectively. At the same time, butter contained higher contents of total OBCFAs than butter milk. Their average values were 
10.90% for butter whilst they were 5.53% for butter milk, respectively. With respect to phospholipids, it was found that cream had higher 
contents of PE phosphatidylethanolamine, SM sphingomyelin and PG than skim milk. Their average values were 37.6, 29.7 and 3.1% versus 
31.7, 20.7 and 2.6% of total PLs, in the same order. On contrary, skim milk had higher values of PC Phosphatidylcholine, PS and PI than cream, 
where their average values were 25.3, 10.3 and 9.4% versus 13.6, 7.2 and 8.8%, of total PLs respectively. It could be observed that butter milk 
was higher in Phosphatidylcholine (PC), phosphatidylethanolamine (PE), and sphingomyelin (SM) as compared to butter (37.3, 32.5 and 
18.2% versus 22.4, 29.3 and 17.1% of total PLs) in the same order. 
Conclusion: The technological steps lead to remarkble  differences in the distribution of bioactive lipids in both cream and butter and their 
by-products. Each product could be consumed to prevent or treat from specific diseases.

Introduction:
Milk fat not only is a source of energy and fat soluble vitamins, but 
also typical transport system for plentiful fatty acids associated with 
improved human health.
Over the past few years, scientific proof has appeared that bioactive 
compounds which naturally found in milk can lower the risk of a cer-
tain diseases (Martínez- Monteagudo et al., 2015). Bioactive lipids 
which defined as an active specific signaling pathway are participatory 
in the regulation and maintenance of normal body, functions, and al-
lowing cells to respond appropriately (Evans and Hutchinson, 2010).
Milk bioactive lipids comprise monoglycerides, diglycerides, tri-
glycerides correlated to beneficial fatty acids like short chain, medium 
chain, conjugated linoleic acid (CLA), and polyunsaturated fatty acids 
(PUFAs). The minor lipid components such as phospholipids, also carry 
biological and health promoting activities (Dhankhar et al., 2016).
Butyric acid (BA) which considered one of bioactive lipids; known as 
butanoic acid. All of ruminant milk types and their dairy products con-
tain Butyric acid. Some authors Williams et al., (2003) notified that lit-
tle concentrations of butyric acid can prohibit growth of human cancer 
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cell lines. Also, BA plays an important role in controlling cell growth, 
differentiation and preventing tumor genesis in colon cells (Dhankhar 
et al., 2016).
On another hand, conjugated linoleic acid (CLA) is defined as a group 
of positional and structural linoleic acid isomers which methylene 
(CH2) group in-between the two double bonds doesn't exist. There 
are four geometric CLA isomers: cis-trans; tans-cis; trans-trans and cis-
cis (Yurawecz et al., 2006). The main precursor of CLA is linoleic acid 
as referenced by Hur et al., (2017); thence CLA can be synthesized via 
conversion of linoleic acid by ruminal bacteria (Propionibacterium) 
and lactic acid bacteria (Lactobacillus, Lactococcus, and Streptococ-
cus) with bio-hydrogenation. As stated by Abbas et al., (2014) and Park 
& Wu (2014); dairy products are considered the major source of CLA 
which affected on the reduction of body fat, prevention of cancer & 
cardiovascular diseases, modulation of immune & inflammatory re-
sponses, and improvement of bone health.
Moreover, Milk fat consists of a varied range of odd and branched-
chain fatty acids (OBCFAs), with 56 specific isomers and chain lengths 
varying from 4 to 26 carbon atoms (Jensen, 2002). In (2006) Vlae-
minck et al., mentioned that there are three main classes of branch-
chain fatty acid in milk fat were even-chain iso acids, odd- chain iso 
acids, and odd-chain anteiso. Likewise, there are seven major OBCFAs 
in food products submitted by Ollberding, (2016), which include iso-
14:0, iso-15:0, anteiso-15:0, iso-16:0, iso-17:0, anteiso-17:0, and iso-18:0. 
The healthy benefits of odd and branched fatty acids were proved by 
insignificant studies.
Wongtangtintharn et al., (2004) outlined that both anteiso and iso 
branch-chain fatty acids inhibited tumor outgrowth and the highest 
activity was observed with 16:0 iso. Odd and branched-chain fatty ac-
ids prevent fatty acid synthesis of tumor cells through direct effects on 
fatty acid synthetase and reduce in fatty acid precursor supply.
In another view; phospholipids (PLs) are an important group of bio-
molecules. They are mainly existed in milk fat globule membranes 
(MFGM). They play a fundamental role in milk through the emulsifica-
tion of fat in the aqueous phase. (Contarini & Povolo, 2013). The prop-
erties of the raw material and applied technological processes deep-
ly affected in PLs content of dairy products. Any treatment caused a 
perturbation of the membrane with separation or fractionation of fat 
globules, such as homogenization or centrifugation, of polar and neu-
tral components of fat influenced PLs composition and distribution in 
the final product (Ali et al., 2018). Milk fat globule membrane (MFGM) 
contains approximately 60–70% of total PLs in milk which represented 
0.5–1% of the total lipids in milk. Lately, great attempt has been devot-
ed to inspect the possible link between lipid metabolism and various 
human diseases such as diabetes, stroke, cancer, arthritis, and Alzhei-
mer's (Gallier et al., 2010; González-Domínguez et al., 2014; Aoyagi et 
al., 2017). A considerable link between phospholipids, gangliosides (a 
type of glycolipids) and infant cognitive development had been pre-
sented by recent infant clinical trials (Timby et al., 2014 and Liua et 
al., 2018). It was known that PE is a zwitterionic phospholipid mainly 
located in the internal layer of the MFGM and considered the most 
unsaturated class but PI is considered an anionic phospholipid mostly 
found in the internal layer too of the MFGM (Deeth, 1997). The PE con-
centration influences the phase behavior of PLs mixtures, transform-
ing to a reversed hexagonal phase instead of a lamellar phase at higher 
concentrations (Waninge et al., 2003). The PC is one of little substanc-
es able to penetrate into blood-brain barrier in the body, going directly 
into the brain cells where it is used for producing acetylcholine (ACh), 
that may act as a neurotransmitter for memory enhancement (Smith 
et al., 2016).  Miranda et al., (2008), illustrated that exogenous PC was 
in fact participate in anti-inflammatory signaling networks and exert-

ed an immune-modulatory effect. Moreover, exogenous PC intake 
could enhance intestinal barrier defense by inhibiting pro-inflamma-
tory cytokine production (Olson, 2014). Sphingomyelin is found in high 
quantities in the brain and neural tissues, and phosphatidylcholine is 
the major dietary source of choline (a precursor of acetylcholine syn-
thesis) and also plays a vital role in neuronal membranes (Ohlsson et 
al., 2010). On the other side, Boyle et al., 2019 manifested that PL in-
take improved both of post-stress reaction time performance on an 
attention-switching task and mid- stress induction energetic arousal. 
So, they proved that man can increase his cognitive performance ad-
vantages dietary when supplementing with bovine milk PLs under con-
ditions of psychosocial stress.
The U.S. Food and Drug Administration, (2003) defined trans fatty ac-
ids (TFAs) as "all unsaturated fatty acids that contain one or more iso-
lated double bonds intrans configuration". Multiple researches have 
implicated that a high consumption of trans fatty acids may be a cause 
of cardiovascular disease (CVD) and coronary heart disease (CHD). In-
take of TFAs should not exceed 1% of total energy as recommended by 
World Health Organization, (2003) to reduce CVD risk. Both of Men-
sink et al., (2003) and Mozaffarian et al., (2006) exhibited that TFAs 
could raise low-density lipoprotein (LDL) cholesterol concentrations 
and plasma triglycerides in blood so it might be a cause of atheroscle-
rosis, sudden cardiac death, and other aspects of chronic diseases.
Consequently, the main goal of this research was to elucidate the in-
fluence of some technological steps such as skimming and churning 
on the distribution of the different bioactive-lipids in buffalo cream 
and butter and their by-products. Also, this research can be utilized 
nowadays in face of various diseases prevalent, in recommendation to 
consume a specific type of bioactive lipid to prevent a specific disease.
Materials And Methods: 
Materials:
Raw milk
Thirty-two buffalo raw milk samples (each 0.5 kg) were obtained in 
winter season (November to January) from the Dairy department, Fac-
ulty of Agriculture, Cairo University, Giza, Egypt. Every 8 samples of 
milk were mixed well and give 4 kg, to represent 4 replicates.
Experiments:
1- Cream and skim milk:
Milk samples were skimmed using a milk cream separator (Model 100 
L/H 110V USA/Canada Plug) to obtain the cream (~40.0 % fat) and the 
skimmed milk (~0.5 % fat).
2- Butter and butter milk
A part of the resultant cream was churned by the blender (Heidolph 
No 50111,
Model RZR1 ; Speed from 35 to 2200 rpm with the hard flipping) for 
obtaining butter (~80.0 % fat) and separate the butter milk (~1.5 % fat ).
Methods:
Extraction of lipids and phospholipids:
The total lipids and phospholipids were extracted according to the 
method originally described by Bligh and Dyer, (1959) as following: Six 
ml of sample was added to falcon tube 50 ml with 22.5 ml mixture of 
chloroform and methanol 1:2 (v/v) and vortex well for 2 minutes then 
7.5 ml chloroform was added and vortex well for 2 minutes. Followed 
by add 7.5 ml distilled water and vortex well for 2 minutes.
Centrifugation was carried out at 4000 rpm for 5 minutes to sepa-
rate the two phases; the upper phase (methanol layer) and the low-
er phase (chloroform layer) by separation funnel. Then, washing the 
upper phase and the bottom phase three times to obtain a very clean 
extraction. Finally, the solvents were removed by rotary evaporator 
(BUCHI Rotavapor® R110 model, Rotation speed 20 - 280 rpm and con-
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trolled temperature ranged from 20-95°C) to obtain the lipid and phos-
pholipid extracts free from solvents.
Determination of total conjugated diene and triene fatty acids 
contents: 
Conjugated diene (CDA) and triene (CTA) fatty acids were determined 
according to the modified version of the AOAC, (2012). CDA and CTA 
contents were calculated using the following equations:
CDA (%) = (0.84 x A) / (bc-K0) CTA (%) = (0.84 x A1) / (bc-K0)
Where: A is the absorbance at 233 nm, b is the length of cell (cm), c is 
gram per liter A1  is the absorbance at 280 nm K0 is the absorptivity by 
ester groups (0.07).
Determination of fatty acid profile:
Preparation of fatty acids methyl esters (FAME):
Fatty acids methyl esters were prepared according to the method of 
Wirasnita et al., (2013); the extracted lipid fraction, about 50 mg, was 
saponified with  5 ml 0.5 M solution of KOH/ Met OH and subjected to 
methylation (10 min. at 75°C) in 5 ml 14% (v/v) BF3/ Met OH. Then, water 
was added to reaction and the methyl esters of fatty acids were ex-
tracted with 20 ml of hexane. Fatty acids methyl esters were washed 
with 10 ml 10% sodium bicarbonate and dried over anhydrous sodium 
sulphate. The organic phase was evaporated under reduced pressure 
and stored in - 27°C until chromatographically analysis.

Determination of fatty acids by GC- MS apparatus:
Fatty acid profile was assessed using gas chromatography coupled 
with a mass spectrometer. The exact structure of iso and anteiso iso-
mers of fatty acids were confirmed also by isolation of M+ ions for 
branched-chain-fatty acid methyl ester (BCFAME) for fragmentation in 
EIMS2 mode, according to Ran-Ressler et al., (2014).

Preparation of phospholipid samples
The phospholipids were prepared according to the method men-
tioned by Murgia et al., (2003); the extracted phospholipid fraction, 

about 100 mg of sample was extracted with 200 ml of acetone, and the 
insoluble residue was collected. The residue was then dispersed in 60 
ml chloroform/ methanol 2:1 (v/v) and filtered. After filtration, the solu-
tion was washed with the same volume of a 0.01M Na4-EDTA- 0.1M 
NaCl solution. The organic phase was recovered, dried with anhydrous 
Na2SO4, filtered, and then evaporated at 35°C in a rotary evaporator. 
One-tenth of dried samples were dissolved in 0.5 ml triethylamine /
dimethylformamide /guanidinium hydrochloride (15, 50 ml, and 5 g, re-
spectively) in order to acquire 31P-NMR spectra.

Determination of phospholipid classes by 31P-NMR technique
High-resolution 31P-NMR spectra, acquired at the NMR Service of 
Istituto di Chimica Biomolecolare del CNR (Pozzuoli, Italy), were ob-
tained at 27°C on a Bruker Avance-400 operating at 161.97 MHz, us-
ing an inverse probe fitted with a gradient along the Z-axis. The 
1H-decoupled, one-dimensional 31P spectra were obtained using the 
following conditions: spectral width 200 ppm, delay time 7 s, pulse 
width of 8.0 µs (60° spin-flip angle), number of scans 3000, number of 
data points 32 K. Phospholipids samples contained 10% dimetylforma-
mide-d7 for internal lock, and internal phosphatidylcholine was used 
as reference. Sphingomyelin from chicken egg yolk, rac-1,2- dipalmi-
toyl-glycero-3-phosphoethanolamine (phosphatidylethanolamine), 
1,2-dipalmitoyl-sn-glycero-3-phosphocoline (phosphatideylcholine), 
3-sn-phosphstidyl-L-serine from bovine brain (phosphatidylserine), 
sn-glycerol-3-phosphate (phosphatidylglycerol) and phosphatidyli-
nositol sodium salt from soybean (from Sigma-Aldrich) were used as 
standards for phospholipids assignments.
Results And Discussion:
Bioactive lipids in buffalo cream, butter and their by-products:
The distribution of the different bioactive lipids in cream, skim milk, 
butter and butter milk had been illustrated in the following Fig. 1 
(a,b,c,d) ; the results were individually calculated and expressed in 
separated tables

(a)

(b)
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(c)

(d)

Fig. (1): GC/MS chromatograms of buffalo cream, skim milk butter and butter milk.
(a): cream (b): skim milk (c): butter (d): butter milk

Butyric acid (BA) and short chain fatty acids:
Butyric acid and short chain fatty acids (SCFAs) contents of buffalo 
cream, butter, skim milk and butter milk were presented in Table (1). 
It was demonstrated that there were significant differences (p≤ 0.05) 
between fatty products and their by- products in all SCFAs contents. 

The average values of butyric, caproic, caprilyic and capric acids were 
1.27, 0.56, 0.65 and 1.89% for cream, while they were 1.07, 0.75, 0.82 and 
2.22% for skim milk, respectively. On the other hand, the corresponding 
values of butter samples were 0.98, 0.49, 0.51 and 2.31% whilst for but-
ter milk were 1.03, 0.34,0.39 and 1.70% of total FAs, in the same order.

Table 1: Butyric and short chain fatty acids contents (as % of total fatty acids) of buffalo cream, butter and their by- products
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It was obvious that the highest value of butyric acid was noticed in 
cream followed by skim milk and finally butter milk and butter. On the 
same side, Hassanzadazar et al., (2017) determined the contents of bu-
tyric, caproic, caprilyic and capric acids in cow butter samples. Their av-
erage values were 0.69, 0.75, 0.63 and 1.81% of total FAs, respectively.
Total conjugated diene (CDA) and triene (CTA) fatty acids:
Conjugated diene and triene fatty acids contents of buffalo cream, but-
ter and their by-products had been demonstrated in Table (2). Their 
contents between all samples had great significant differences (p≤ 

0.05). Buffalo butter had higher conjugated diene acids (CDA) content 
(0.8580%) than butter milk (0.7290%). As well, buffalo cream contained 
higher value of CDA (0.7775%) as compared to skim milk (0.7027%).
The same trend was realized for conjugated triene acids (CTA); there 
values were 0.1655 and 0.1577% for butter and butter milk, while they 
were 0.1675 and 0.0933% for cream and skim milk, respectively. These 
data were in harmony with the results of Seçkin et al., (2005) who dis-
played that CDAS content of Turkish butter was higher than in Turkish 
cream (0.79 versus 0.69%), in order.

Table (2): Total conjugated diene (CDA) and triene (CTA) fatty acids contents (as % of total fatty acids) in buffalo cream, butter and 
their by- products

Conjugated linoleic acid (CLA) and its isomers:
Conjugated linoleic acid and its isomers contents in buffalo cream, but-
ter and their by- products were exhibited in Table (3). It could be rec-
ognized that CLA (cis-9, trans-11) contents were 0.54 and 0.26% whilst 
cis-10, cis-12 was 0.50 and 0.65% of total FAs for cream and skim milk, 
respectively. The identical values of butter samples were 0.74 and 
0.44%, while they were 0.17 and 0.42% of total FAs for butter milk, in or-
der. As shown in the same table; non-significant differences (p≥0.05) 

were observed between cream and butter and their by- products in 
trans-10, cis-12 and trans-9, trans-11 contents. Their average values 
were 0.45 and 0.07% for cream versus
0.47 and 0.07% for skim milk whilst they were 0.41 and 0.08% in butter 
versus 0.39 and 0.06% of total FAs in butter milk, in the same order.On 
the same side, Seçkin et al., (2005) mentioned that Turkish cream had 
higher CLA (cis-9, trans-11) content (5.74 mg/g of fat) when compared 
to Turkish butter (4.67 mg/g of fat).

Table (3): Conjugated linoleic acid and its isomers contents (as % of total fatty acids) of buffalo cream, butter and their by- products

Odd and branched chain fatty acids (OBCFAs):
Odd and branched chain fatty acids contents of buffalo cream, butter and 
their by- products were represented in Table (4). Observably; both buffalo 
cream and butter and their by- products gained significant differences (p≤ 
0.05) in total OBCFAs contents. Cream had higher contents (11.43%) of 
total OBCFAs, than skim milk (7.03%). Also, butter gained higher value of 
total OBCFAs as compared with butter milk (10.90 versus 5.53% of total 

FAs). It was also identified that C15:0 was the most abundant in cream fol-
lowed by C11:0, C13:0 iso and C17:0 (2.15, 1.91, 1.47 and 1.46%), while in 
skim milk were C15:0, C17:0, C14:0 anteiso and C17:0 anteiso (1.83, 1.49, 
0.86 and 0.68 % of total FAs), respectively. On contrary, cis9-C15:1 was the 
prevelant in butter followed by C15:0, C17:0 and cis9-C17:1 (2.08, 1.97, 
1.61 and 1.50%), while in butter milk were C17:0, C15:0, C14:0 anteiso and 
C17:0 anteiso (1.44, 1.41, 0.58 and 0.55% of total FAs), in the same order. 
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Cream and butter had higher content of total OBCFAs than skim milk 
and butter milk. Same line was observed by Rutkowska et al., (2015) who 

pointed that the contents of total OBCFAs in cow cream samples were 4.87 
and 4.16% of total FAs for Wielkopolska and Opolskie City, respectively

Table (4): Odd and branched chain fatty acids contents (as % of total fatty acids) of buffalo cream, butter and their by- products

Trans fatty acids:
Trans fatty acids (TFAs) contents of buffalo cream, butter and skim 
milk & butter milk were depicted in Table (5). From the table, it was 
conducted that skim milk gained higher contents of trans9-C18:1 
(4.64%) than cream (3.65%). Moreover, cream contained slight higher 
value of trans9-C16:1, trans11-C18:1 and trans11- C20:1 than skim milk. 
Their average values were 0.17, 1.42 and 0.05% for cream, while they 
were 0.14, 1.28 and 0.04% of total FAs for skim milk, respectively. In 

the same line, butter contained higher proportion of trans9-C16:1, 
trans11-C18:1 and trans11-C20:1 than butter milk. Their average values 
were 0.15, 1.48 and 0.09% for butter, while they were 0.10, 1.27 and 
0.08% for butter milk, in order. Furthermore, the average value of 
trans9-C18:1 was 5.07% in butter milk versus 3.96% of total FAs in butter 
. Likewise, the results by Rutkowska et al., (2015) appeared that con-
tents of total trans-C18:1 in cow cream samples were 2.43 and 3.05% of 
total FAs whilst trans11-C18:1 content of cow cream was 1.80 and 2.23% 
of total FAs for Wielkopolska and Opolskie City, in the same order.

Table (5): Trans fatty acids contents (as % of total fatty acids) of buffalo cream, butter and their by- products.
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Total polar lipids (PLs) contents:
Table (6) announced total polar lipids content of buffalo cream or but-
ter and skim milk & butter milk. It was obvious that there were signif-
icant differences (p≤0.05) in total PLs contents of cream and butter 
or their by- products. As it was expected, butter milk had the highest 
PLs content where its average value was 3.95 g/100g fat because it 
contains the large amount of the MFGM which considered the main 
source of phospholipids. As for cream, the content was 0.29 g/100g 
fat, while it was 0.43 g/100g fat for skim milk and 0.15 g/100g fat for 

butter, respectively. These differences in distribution of PLs among 
products are due to the disruption of MFGM and migration of PLs to 
aqueous phases. The trend was in agreement with Avalli and Contari-
ni, (2005) who proved that butter milk had higher contents of total po-
lar lipids (44.85 mg/g of fat) than cream and butter (5.32 and 1.95 mg/g 
of fat), in order. As well, Rombaut et al., (2006) detected that the polar 
lipids content in skimmed milk were significantly higher than cream. 
They concluded that the polar lipids are mainly enriched in aqueous 
phases like skimmed milk, butter milk and butter serum.

Table (6): Total polar lipids contents (g/100g fat) of buffalo cream, butter and their by- products.

Phospholipids classes.
Phospholipids classes content of cream, butter and their by- prod-
ucts were illustrated in Fig. (2). Buffalo cream had higher significant 
(p≤0.05) values of phosphatidylethanolamine (PE), sphingomyelin 
(SM) and phosphatidylglycerol (PG) than skim milk. Their values were 
37.6, 29.7 and 3.1% of total PLs for cream versus 31.7, 20.7 and 2.6% for 
skim milk, respectively. As for skim milk; it contained higher values of 
phosphatidylcholine (PC), phosphatidylserine (PS) and phosphatidy-
linositol (PI) than cream, where their average values were 25.3, 10.3 
and 9.4% for skim milk versus 13.6, 7.2 and 8.8% of total PLs for cream, 
respectively. Further, butter samples had high values of PS, PI and PG 
than butter milk (16.2, 11.4 and 3.6% versus 9.3, 1.3 and 1.4% of total PLs, 

respectively. It could be noticed that butter milk was higher in PC, PE 
and SM as compared to butter (37.3, 32.5 and 18.2% versus 22.4, 29.3 
and 17.1% of total PLs), in the same order. So, these results were in 
compatible with those of Avalli and Contarini, (2005) who mentioned 
that butter milk had higher value of PC (35.5%) and lower value of PI 
(2.4%) when compared to butter (24.7 and 11.9%) and cream (25.9 and 
8.6% of total PLs), respectively. Moreover, cream contained higher val-
ue of SM (20.4%) than butter (17.0%) and butter milk (18.5%). However, 
the findings of this study were not in accordance with the findings of 
Rodríguez- Alcalá and Fontecha, (2010) who stated that the contents 
of PC, PE, SM, PI and PS in butter milk were 31.0, 30.0, 20.0, 7.0 and 
5.0% of total PLs, respectively. 

Fig. (2): Phospholipid fractions (as % of total PLs) of buffalo cream, butter and their by- products.
PC= Phosphatidylcholine; PE= phosphatidylethanolamine; PS= phosphatidylserine; SM= sphingomyelin; PI= phosphatidylinositol; PG= 
phosphatidylglycerol
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Conclusion And Recommendations:
Egyptian buffalo milk is a rich source of bioactive lipids which consider 
as good substances for human health. Data displayed that the highest 
value of butyric acid was noticed in cream followed by skim milk and 
finally butter milk and butter. Also, it had been observed that buffalo 
cream had higher contents of total OBCFAs than skim milk. On con-
trary, butter milk had lower values of caproic, caprilyic and capric acids 
than butter. Furthermore, butter milk gained the highest contents of 
total polar lipids and PC, PE and SM when compared to butter. The 
technological steps had a clear effective influence on the distribution 
of all bioactive lipids in milk products.
Thus, it could be recommended that the diet supplementation with 
butter milk (enriched with phosphatidylcholine) is benefit for memo-
ry improvement and as anti- inflammatory agent. Phosphotidycholine 
produces acetylcholine (ACh) which if it decline by the time aging may 
be reduce in learning and memory impairment. It also can be adviced 
that the intake of conjugated linoleic acid-enriched-diet reduced body 
weight and normalize glucose levels in diabetes patients.
Further studies are required to investigate the influence of total phos-
pholipids and their classes on biological activities of human body to 
employ these characteristics to treat special patient's conditions. 
More information about these bioactive lipids advantages must be 
achieved in multiple researches in the near future.
Acknowledgment:
The authors would like to express many thanks for Prof. Dr. Antoni 
Szumny, Head of the Chemistry Department, Wroclaw University of 
Environmental and Life Sciences, Poland; for carrying out and facility 
of samples measurement within the agreement signed between the 
Egyptian Academy of Scientific Research & Technology and the Polish 
Academy of Sciences.
References:
1. Abbas, H.M.; Shahein, N.M.; Abd Rabou, N.S.; Kassem, J.M. and 
Yossef, Y.B. (2014).Conjugated Linoleic Acid: Biosynthesis, Benefits on 
Human Health and Contents in Milk and Milk Products. Life Science 
Journal, 11(2s): 215-227.
2. Ali, A. H. ; Wei, W.; Sherif, M. Abed; Sameh, A. Korma; Ahmed, H. 
Mousa; Hamada, M. Hassan; Qingzhe, J. and Xingguo, W. (2018). Im-
pact of technological processes on buffalo and bovine milk fatcrystal-
lization behavior and milk fat globule membrane phospholipids pro-
file. LWT - Food Sci. and Techn.; 90:424- 432.doi.org/10.1016/j.lwt.201 
7.12.058.
3. A.O.A.C. (2012). Association of Official Analytical Chemists. Official 
Methods of Analysis, 19th edition, Benjamin Franklin Station Washing-
ton, DC, USA.
4. Aoyagi, R.; Ikeda, K.; Isobe, Y. andArita, M. (2017). Comprehensive 
analyses of oxidizedphospholipids using a measured MS/MS spectra 
library, J Lipid Res 58: 2229–2237.
5. Avalli, A. and Contarini, G. (2005). Determination of phospholipids 
in dairy products by SPE/HPLC/ELSD. Journal of Chromatography A, 
1071(1-2): 185–190.
6. Bligh, E. G. and Dyer, W. J. (1959). A rapid method of total lipid ex-
traction and purification. Canadian Journal of Biochemistry and Physi-
ology, 37(8): 911-917.
7. Boyle, N. B.; Dye, L.; Arkba, K.; Thorell, L.;Frederiksen, P.; Croden, 
F. and Lawton, C. (2019). Effects of milk-based phospholipids on cog-
nitive performance and subjective responses to psychosocial stress: 
Arandomized,double-blind,placebo-controlledtrialinhigh-perfection-
istmen. Nutrition 57: 183-193.
8. Contarini, G. and Povolo, M. (2013). Phospholipids in milk fat: com-
position, biological and technological significance, and analytical strat-
egies. International Journal of Molecular Sciences, 14(2): 2808-2831.

9. Deeth, H. (1997). The role of phospholipids in the stability of milk fat 
globules.AustralianJournal of Dairy Technology, 52(1), 44.
10. Dhankhar, J.; Sharma, R. and Indumathi, K. P. (2016). Bioactive lip-
ids in milk. International Food Research Journal, 23(6): 2326-2334.
11. Evans, J. F. and Hutchinson, J. H. (2010).Seeing the future of bioac-
tive lipid drug targets. Nature Chemical Biology, 6(7): 476 - 479.
12. Gallier, S.; Gragson, D.; Cabral, C.; Jiménez-Flores, R. and Everett, 
D. W. (2010). Composition and fatty acid distribution of bovine milk 
phospholipids from processed milk products. Journal of Agricultural 
and Food Chemistry, 58(19): 10503- 10511.
13. González-Domínguez, R.; García-Barrera, T. and J.L. Gómez-Ariza,J.L. 
(2014). Combination of metabolomic and phospholipid-profiling ap-
proaches for the study of Alzheimer's disease. J. Proteom 104: 37–47.
14. Hassanzadazar, H.; Salim, A.; Forghani, M. and Aminzare, M. (2017). 
Chemical Quality and Fatty Acid Profile of Zanjan Traditional Butter. 
Annual Research and Review in Biology, 20(4): 1-7.
15. Hur, S. J.; Kim, H. S.; Bahk, Y. Y. and Park, Y. (2017). Overview of con-
jugated linoleic acid formation and accumulation in animal products. 
Livestock Science, 195: 105-111.
16. Jensen, R. G. (2002). The composition of bovine milk lipids: January 
1995 to December 2000. Journal of Dairy Science, 85(2): 295-350.
17. Liua, Z.; Rochforta, S. and Cocks,B. (2018). Milk lipidomics: What we 
know and what we don't.Progress in Lipid Research, 71:70-85.
18. Martínez-Monteagudo, S. I., Leal-Dávila, M., Curtis, J. M., and Sal-
daña, M.(2015). Oxidative stability of ultrahigh temperature milk en-
riched inconjugated linoleic acid and trans-vaccenic acid. International 
DairyJournal, 43, 70–77.
19. Mensink, R. P.; Zock, P. L.; Kester, A. D. and Katan, M. B. (2003). 
Effects of dietary fatty acids and carbohydrates on the ratio of serum 
total to HDL cholesterol and on serum lipids and apolipoproteins: A 
meta-analysis of 60 controlled trials. American Journal of Clinical Nu-
trition, 77: 1146–1155.
20. Miranda, D. T.; Batista, V. G.;Grando, F. C.; Paula, F. M.; Felício, C. 
A.; Rubbo, G. F. et al., (2008). Soy lecithin supplementation alters mac-
rophage phagocytosis and lymphocyte response to concanavalin A: A 
study in alloxan-induced diabetic rats. Cell Biochemistry and Function, 
26(8), 859–865.
21. Mozaffarian, D.; Katan, M. B.; Ascherio, A.; Stampfer, M. J. and Wil-
lett, W. C. (2006). Trans fatty acids and cardiovascular disease. New 
England Journal of Medicine, 354: 1601–1613.
22. Murgia, S.; Mele, S. and Monduzzi, M. (2003). Quantitative charac-
terization of phospholipids in milk fat via 31P NMR using a monophasic 
solvent mixture. Lipids, 38: 585–591.
23. Ohlsson, L.; Burling, H.; Duan, R. D. and Nilsson, A. (2010). Effect-
sofasphingolipid-enriched dairy formulation on postprandial lipid con-
centrations.Eur. JClin.Nutr.,64:1344–9.
24. Ollberding, N. J.; Woo, J. G.; Brenna, T. and Morrow, A. L. (2016). 
Branched- chain fatty acid composition of human milk and the impact 
of maternal diet: the Global Exploration of Human Milkre (GEHM). 
American Journal of Clinical Nutrition, 1: 1-8.
25. Olson, A.; Diebel, L. N.; andLiberati, D. M. (2014). Exogenous phos-
phatidylcholine supplementation improves intestinal barrier defense 
against clostridium difficile toxin. Journal of Trauma and Acute Care 
Surgery, 77(4), 570–576.
26. Park, Y. W. and Wu, Y. (2014). Health benefits of conjugated fatty 
Acids. In: Conjugated Linoleic Acids and Conjugated Vegetable Oils, 
Sels, B. and Philippaerts, A. (Eds.). The Royal Society of Chemistry, UK. 
pp. 94-116.
27. Ran-Ressler, R. R.; Bae, S.; Lawrence, P.; Wang, D. H. and Brenna, 
J. T. (2014). Branched-chain fatty acid content of foods and estimated 
intake in the USA. British Journal of Nutrition, 112(4): 565-572.
28. Rodríguez-Alcalá, L. M. and Fontecha, J. (2010). Major lipid classes’ 

41

mailto:https://www.intechopen.com/books/soybean-and-health/conjugated-linoleic-acid-a-milk-fatty-acid-with-unique-health-benefit-properties
mailto:https://www.intechopen.com/books/soybean-and-health/conjugated-linoleic-acid-a-milk-fatty-acid-with-unique-health-benefit-properties
mailto:https://www.intechopen.com/books/soybean-and-health/conjugated-linoleic-acid-a-milk-fatty-acid-with-unique-health-benefit-properties
mailto:https://www.sciencedirect.com/science/article/pii/S0023643817309520
mailto:https://www.sciencedirect.com/science/article/pii/S0023643817309520
mailto:https://www.sciencedirect.com/science/article/pii/S0023643817309520
mailto:https://keio.pure.elsevier.com/en/publications/comprehensive-analyses-of-oxidized-phospholipids-using-a-measured
mailto:https://keio.pure.elsevier.com/en/publications/comprehensive-analyses-of-oxidized-phospholipids-using-a-measured
mailto:https://keio.pure.elsevier.com/en/publications/comprehensive-analyses-of-oxidized-phospholipids-using-a-measured
mailto:https://www.sciencedirect.com/science/article/pii/S002196730500169X?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S002196730500169X?via%3Dihub
mailto:https://www.nrcresearchpress.com/doi/abs/10.1139/o59-099%23.XS1SplQzZnI
mailto:https://www.nrcresearchpress.com/doi/abs/10.1139/o59-099%23.XS1SplQzZnI
mailto:https://www.nrcresearchpress.com/doi/abs/10.1139/o59-099%23.XS1SplQzZnI
mailto:https://www.sciencedirect.com/science/article/pii/S0899900718303629
mailto:https://www.sciencedirect.com/science/article/pii/S0899900718303629
mailto:https://www.sciencedirect.com/science/article/pii/S0899900718303629
mailto:https://www.sciencedirect.com/science/article/pii/S0899900718303629
mailto:https://www.mdpi.com/1422-0067/14/2/2808
mailto:https://www.mdpi.com/1422-0067/14/2/2808
mailto:https://www.mdpi.com/1422-0067/14/2/2808
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291521-3803%2819990601%2943%3A3%3C185%3A%3AAID-FOOD185%3E3.0.CO%3B2-V
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291521-3803%2819990601%2943%3A3%3C185%3A%3AAID-FOOD185%3E3.0.CO%3B2-V
mailto:https://www.nature.com/articles/nchembio.394
mailto:https://www.nature.com/articles/nchembio.394
mailto:https://www.sciencedirect.com/science/article/pii/S1874391914000268?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S1874391914000268?via%3Dihub
mailto:http://www.journalarrb.com/index.php/ARRB/article/view/26214
mailto:https://www.sciencedirect.com/science/article/abs/pii/S1871141316302682
mailto:https://www.sciencedirect.com/science/article/abs/pii/S1871141316302682
mailto:https://www.sciencedirect.com/science/article/pii/S0022030202740794
mailto:Milk%20lipidomics:%20What%20we%20know%20and%20what%20we%20don't.Progress%20in%20Lipid%20Research
mailto:Milk%20lipidomics:%20What%20we%20know%20and%20what%20we%20don't.Progress%20in%20Lipid%20Research
mailto:https://www.sciencedirect.com/science/article/abs/pii/S0958694614002428
mailto:https://www.sciencedirect.com/science/article/abs/pii/S0958694614002428
mailto:https://academic.oup.com/ajcn/article/77/5/1146/4689813
mailto:https://academic.oup.com/ajcn/article/77/5/1146/4689813
mailto:https://academic.oup.com/ajcn/article/77/5/1146/4689813
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1002/cbf.1517
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1002/cbf.1517
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1002/cbf.1517
mailto:https://www.nejm.org/doi/full/10.1056/NEJMra054035
mailto:https://link.springer.com/article/10.1007/s11745-003-1500-3
mailto:https://link.springer.com/article/10.1007/s11745-003-1500-3
mailto:https://link.springer.com/article/10.1007/s11745-003-1500-3
mailto:https://www.nature.com/articles/ejcn2010164
mailto:https://www.nature.com/articles/ejcn2010164
mailto:https://www.nature.com/articles/ejcn2010164
mailto:https://academic.oup.com/ajcn/article/105/1/177/4633925
mailto:https://academic.oup.com/ajcn/article/105/1/177/4633925
mailto:https://journals.lww.com/jtrauma/Abstract/2014/10000/Exogenous_phosphatidylcholine_supplementation.8.aspx
mailto:https://journals.lww.com/jtrauma/Abstract/2014/10000/Exogenous_phosphatidylcholine_supplementation.8.aspx
mailto:https://journals.lww.com/jtrauma/Abstract/2014/10000/Exogenous_phosphatidylcholine_supplementation.8.aspx
mailto:https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/s11745-011-3530-8
mailto:https://aocs.onlinelibrary.wiley.com/doi/abs/10.1007/s11745-011-3530-8
mailto:https://www.sciencedirect.com/science/article/pii/S0021967310003092?via%3Dihub


International Journal of Nutritional Science and Food Technology Volume 5 Issue 6, July 2019

Citation: Hayam Mohamed Abbas et al. (2019) , Bioactive-Lipids Distribution in Buffalo Fatty Products Int J Nutr Sci & Food Tech. 5:6, 34-42

separation of buttermilk, and cows, goats and ewes milk by high per-
formance liquid chromatography with an evaporative light scattering 
detector focused on the phospholipid fraction. Journal of Chromatog-
raphyA, 1217(18): 3063-3066.
29. Rombaut, R.; Camp, J.V. and Dewettinck, K. (2006). Phospho- and 
sphingolipid distribution during processing of milk, butter and whey. 
International Journal of Food Science and Technology, 41(4): 435–443.
30. Rutkowska, J.; Bialek, M.; Adamska, A. and Zbikowska, A. (2015). 
Differentiation of geographical origin of cream products in Poland ac-
cording to their fatty acid profile. Food Chemistry, 178: 26-31.
31. Seçkin, A. K.; Gursoy, O.; Kinik, O. and Akbulut, N. (2005). Conjugat-
ed linoleic acid (CLA) concentration, fatty acid composition and cho-
lesterol content of some Turkish dairy products. LWT, 38(8): 909-915.
32. Smith, R. E.; Rouchotas, P. and Fritz, H. (2016). Lecithin (phosphati-
dylcholine): Healthy dietary supplement or dangerous toxin? The Nat-
ural Products Journal, 6(4), 242–249.
33. Timby, N.;Domellof, E.;Hernell, O.;Lonnerdal, B. and M. Domellof, 
M. (2014). Neurodevelopment, nutrition, and growth until 12 mo of 
age in infants fed a low- energy, low-proteinformula supplemented 
with bovine milk fat globule membranes: a randomizedcontrolled trial, 
Am J ClinNutr 99: 860–868.
34. U.S. Food and Drug Administration (2003). Questions and answers 
about trans fat nutrition labeling; www.cfsan.fda.gov/~dms/qatrans2.
html.2003.

35. Vlaeminck, B.; Fievez, V.; Cabrita, A. R. J.; Fonseca, A. J. M. and De-
whurst, R.J. (2006). Factors affecting odd-and branched-chain fatty 
acids in milk: A review. Animal Feed Science and Technology, 131(3-4): 
389-417.
36. Waninge, R.; Nylander, T.; Paulsson, M. andBergenståhl, B. (2003). 
Phase equilibria ofmodel milk membrane lipid systems. Chemistry and 
Physics of Lipids, 125(1), 59–68.
37. Williams, E.A.; Coxhead, J.M. and Mathers, J.C. (2003). Anti-cancer 
effects of butyrate: use of micro-array technology to investigate mech-
anisms. Proceedings of theNutrition Society, 62: 107–115.
38. Wirasnita, R.; Hadibarata, T.; Novelina, Y.M.; Yusoff, A.R.M. and 
Yusop, Z. (2013). A modified methylation method to determine fatty 
acid content by gas chromatography. Bulletin of the Korean Chemical 
Society, 34(11):3239-3242.
39. Wongtangtintharn, S.; Oku, H.; Iwasaki, H. and Toda, T. (2004). Ef-
fect of branched-chain fatty acids on fatty acid biosynthesis of human 
breast cancer cells. Journal of Nutritional Science and Vitaminology, 
50(2): 137-143.
40. World Health Organization (2003). Diet, nutrition and the preven-
tion of chronic diseases. Report of a Joint WHO/FAO Expert Consulta-
tion. WHO Technical Report Series, No. 916; www.who.int/dietphysica-
lactivity/publications/trs916.
41. Yurawecz, M. P.; Mossoba, M. M.; Kramer, J. K. G.; Pariza, M. W. 
and Nelson,G. J. (2006). Advances in CLA Research, Vol. 3.American Oil 
Chemists Society, Champaign, IL.pp.45-93.

42

mailto:https://www.sciencedirect.com/science/article/pii/S0021967310003092?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S0021967310003092?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S0021967310003092?via%3Dihub
mailto:https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2621.2005.01091.x
mailto:https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2621.2005.01091.x
mailto:https://www.sciencedirect.com/science/article/pii/S0308814615000382?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S0308814615000382?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S0023643804002634
mailto:https://www.sciencedirect.com/science/article/pii/S0023643804002634
mailto:https://www.sciencedirect.com/science/article/pii/S0023643804002634
http://www.cfsan.fda.gov/~dms/qatrans2.html.2003
http://www.cfsan.fda.gov/~dms/qatrans2.html.2003
mailto:https://www.sciencedirect.com/science/article/pii/S0377840106002707?via%3Dihub
mailto:https://www.sciencedirect.com/science/article/pii/S0377840106002707?via%3Dihub
mailto:https://www.ncbi.nlm.nih.gov/pubmed/14625076
mailto:https://www.ncbi.nlm.nih.gov/pubmed/14625076
mailto:https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/anticancer-effects-of-butyrate-use-of-microarray-technology-to-investigate-mechanisms/F89D2FE43F71DB16F7AAEF81E81481BC
mailto:https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/anticancer-effects-of-butyrate-use-of-microarray-technology-to-investigate-mechanisms/F89D2FE43F71DB16F7AAEF81E81481BC
mailto:https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/anticancer-effects-of-butyrate-use-of-microarray-technology-to-investigate-mechanisms/F89D2FE43F71DB16F7AAEF81E81481BC
mailto:http://koreascience.or.kr/article/JAKO201335057740923.page
mailto:http://koreascience.or.kr/article/JAKO201335057740923.page
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15242018
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15242018
mailto:https://www.ncbi.nlm.nih.gov/pubmed/15242018
http://www.who.int/dietphysicalactivity/publications/trs916
http://www.who.int/dietphysicalactivity/publications/trs916

