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Whey buttermilk, a by-product from whey cream processing to butter, is rich in milk fat globule
membrane (MFGM) constituents, which have technological and potential health properties. The objec-
tive of this work was to produce a dairy ingredient enriched in MFGM material, especially phospholipids,
from whey buttermilk. Whey buttermilk was concentrated by ultrafiltration (10�) and subsequently
diafiltered (5�) (10 kDa molecular mass cutoff membrane) at 25 �C and the final retentate was spray-
dried. The whey buttermilk powder was submitted to supercritical extraction (350 bar, 50 �C) using
carbon dioxide. The membrane filtration removed most of the lactose and ash from the whey buttermilk,
and the supercritical extraction extracted exclusively non-polar lipids. The final powder contained 73%
protein and 21% lipids, of which 61% were phospholipids. This ingredient, a phospholipids-rich dairy
powder, could be used as an emulsifier in different food systems.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The milk fat globule membrane (MFGM) is a surface-active
membrane derived from the apical membrane of the secretory cell
in the mammary gland (Wiking, Nielsen, Bavius, Edvardsson, &
Svennersten-Sjaunja, 2006). It surrounds each of the milk fat
globules (MFG) allowing them to remain dispersed in milk. The
MFG core is essentially composed of triglycerides, while the MFGM
envelope is a true polar lipids bilayer with proteins, enzymes,
neutral lipids and other trace elements (Danthine, Blecker, Paquot,
Innocente, & Deroanne, 2000). Phospholipids and glycoproteins
from the MFGM affect several cell functions, such as growth,
molecular transport system, memory processing, stress responses,
and central nervous system myelination (Astaire, Ward, German, &
Jiménez-Flores, 2003). Moreover, several studies have shown the
beneficial effects of these components on human health (Fong,
Norris, & Macgibbon, 2007; Kilara & Panyam, 2003; Noh & Koo,
2004; Riccio, 2004; Spitsberg, 2005; Spitsberg & Gorewit, 1997;
Wang, Hirmo, Millen, & Wadstrom, 2001). Also, MFGM compo-
nents, especially the phospholipids, have an important role as
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emulsifiers in food systems and can be used to improve the features
of bread, chocolate, margarine and dairy products (Dewettinck
et al., 2008; Singh & Tokley, 1990; Turcot, Turgeon, & St. Gelais,
2001). The application of MFGM polar lipids in other industrial
fields would include their potential use in a delivery or carrier
system for drugs and other substances (Kisel et al., 2001; Thompson
& Singh, 2006).

The technological and potential health properties of the MFGM
components have led to an interest in isolating and concentrating
these materials from dairy sources. Several methods have been
used to reach this goal, especially microfiltration procedures
applied to regular buttermilk, the aqueous phase derived from the
churning of cream to butter (Astaire et al., 2003; Corredig, Roesch,
& Dalgleish, 2003; Morin, Britten, Jiménez-Flores, & Pouliot, 2007;
Morin, Jiménez-Flores, & Pouliot, 2004; Roesch, Rincon, &
Corredig, 2004; Sachdeva & Buchheim, 1997). The major diffi-
culty in isolation and concentration of the MFGM components
from buttermilk is the presence of skim milk solids, especially
casein micelles, which restricts the concentration of MFGM, since
the microfiltration concentrates both MFGM fragments and casein
micelles. Therefore, preliminary treatments, such as washing the
cream prior the churning (Morin & Britten, et al., 2007), and
adding citrate (Corredig et al., 2003; Roesch et al., 2004), rennet,
citric acid and lactic cultures (Sachdeva & Buchheim, 1997) have
on and supercritical fluid extraction to obtain a whey buttermilk...,
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been used to remove the casein fraction from the buttermilk
before the filtration.

An alternative to avoid the presence of casein in the MFGM
concentrates is using raw materials with a naturally lower concen-
tration of this protein, such as butter serum (Rombaut, Camp, &
Dewettinck, 2006) and acid whey (Rombaut, Dejonckheere, &
Dewettinck, 2007). Another material less explored is the whey
buttermilk, the aqueous phase liberated after the churning of whey
cream to obtain whey butter, which contains residual triglyceride
and water-soluble compounds from milk, including some derived
from MFGM fragments (Corredig & Dalgleish, 1997). Whey butter-
milk can be considered a suitable source of the MFGM components
since it generally contains either low or no detectable amounts of
casein (Morin, Pouliot, & Jiménez-Flores, 2006; Sodini, Morin, Olabi,
& Jiménez-Flores, 2006).

The production of ingredients that contain high concentrations
of MFGMmaterial is normally also associated with high triglyceride
content. Supercritical fluid extraction (SFE) has been utilized to
extract lipids from foods, such as nuts and spices (Araújo, Machado,
França, & Meireles, 2000; Coelho, Oliveira, & Pinto, 1997; Lameira,
Coelho, & Mothé, 1997; Nobrega, Monteiro, Meireles, & Marques,
1997; Silva, Mendes, Pessoa, & Queiroz, 2008). More recently,
some research groups have successfully used this technology on
dairy products. Astaire et al. (2003) applied SFE on buttermilk
powders while Yee, Walker, Khalil, and Jiménez-Flores (2008) used
this technology on grated Cheddar and Parmesan cheeses to
remove triglycerides and cholesterol from the products.

The goal of the present study was to produce a dairy ingredient
enriched in MFGM compounds, especially phospholipids, from
whey buttermilk by combining the use of membrane filtration
(ultrafiltration and diafiltration) and supercritical fluid extraction.

2. Material and methods

2.1. Dairy ingredient production

Three batches of whey cream, around 120 L each, were donated
by Hilmar Cheese Company (Hilmar, CA, USA). The product was
derived from unsalted whey obtained from renneted cheese pro-
cessing. The cream was processed at 12 �C using a rotatory churn
(Blentech Corporation, Santa Rosa, CA, USA) to obtain whey butter
and buttermilk. Buttermilk was recovered in milk cans, after butter
fines were removed by filtration through cheese cloth, and stored
overnight at 4 �C until membrane filtration.

A pilot plant scale system (R-12 model, GEA-Niro Filtration,
Hudson, WI, USA) using two spiral polymeric membranes fitted in
parallel on the module (10 kDa molecular mass cutoff, 11.33 m2

total surface area) was used for buttermilk concentration. The
process was carried out at 25 �C, the transmembrane pressure was
around 6 bar and feed pump was operated at 35 Hz. The ultrafil-
tration (UF) was conducted until a ten-fold volumetric concentra-
tion factor was reached. Diafiltration (DF) was done adding
continuously tap water at 25 �C to the feed tank to replace the
removed permeate until reaching a five-fold diafiltration factor
(5 � DF). In each step of the filtration, samples of retentates were
collected for composition analysis and the permeate flux
(L h�1 m�2) was measured. The final retentates from all experi-
ments were spray-dried (Niro Filterlab Spray-drier, Hudson, WI,
USA) using 35 bar of pressure, and inlet and outlet air temperatures
of 185 �C and 95 �C, respectively, to obtain whey buttermilk
powders (WBP). All filtration trial runs were performed in
triplicate.

A portion of the powder obtained from each whey cream batch
was submitted to supercritical fluid extraction (SFE). The SFE
system and components were acquired from Thar Designs, Inc.
Please cite this article in press as: Costa, M.R., et al., Use of ultrafiltrati
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(Pittsburgh, PA, USA), including: the 500 mL sample vessel, the
model P-50 high-pressure pump, the automated back pressure
regulator (model BPR-A-200B), and the PolyScience brand water
bath and pump unit (model 9505). Circulated deionized water at
3 �C was used for cooling different zones in the SFE apparatus.
Carbon dioxide tanks (50-lb) were filled and inspected by A & R
Welding Supply (San Luis Obispo, CA, USA). The system conditions
were controlled manually by Windows 2000-based software
(HewlettePackard). Approximately 135 g of each sample were
submitted to three extraction cycles using the following conditions:
1500 g of CO2 at a flow rate of 20 g min�1, extraction pressure of
350 bar, and both extraction and collection temperature of 50 �C.
The SFE trials were done in triplicate. The powders submitted to the
SFE (SFE-WBP) as well as theWBPwere stored at 10 �C until further
analysis.
2.2. Analytical procedures

Whey cream, butter and buttermilk, retentates of membrane
filtration, and buttermilk powders (WBP and SFE-WBP) were
analyzed for gross composition, protein profile and phospholipid
content. The profile of the fat removed from the WBP by SFE was
determined using thin layer chromatography (TLC). All the analyses
were done in triplicate.

Gross composition was determined using AOAC (2003) recom-
mended methods. Nitrogen content was determined by using the
Kjeldahl method and the crude protein content was calculated by
multiplying the nitrogen content by 6.38. Lipid content was
determined by the Mojonnier method, ash content by the gravi-
metric method of incineration in a furnace at 550 �C, and total
solids content by forced air oven drying.

Protein profiles were obtained using the sodium dodecyl sulfate
polyacrylamide gel electrophoresis technique (SDS-PAGE)
(Laemmli, 1970). The analyses were done in a Mini-Protean II
system (Bio-Rad Laboratories Ltd., Hercules, CA, USA). Gels were
stained with Coomassie Brilliant Blue (Sigma Chemical Company,
St. Louis, MO, USA). Protein classes were determined according to
their molecular weight by comparison with a molecular weight
standard (Precision Plus Unstained Protein Standard, Bio-Rad
Laboratories Ltd.).

Lipids obtained using the Mojonnier ether extraction method
were diluted to 2 mg of lipids per mL with 2:1 chlor-
oformemethanol and kept at �18 �C until phospholipid analysis.
Phospholipids were analyzed by High Performance Liquid Chro-
matography (Hitachi HPLC System D-7000) with an electro evap-
orative light scattering detector (ELSD) Sedex model 55 (SEDERE,
Alfortville, France), according to the methodology described by
Morin & Jiménez, et al. (2004). The phospholipid standards utilized
were phosphatidylcholine, phosphatidylethanolamine, sphingo-
myelin, phosphatidylinositol, and phosphatidylserine (Sigma-
eAldrich, St. Louis, MO, USA).

Lipids removed by SFE were analyzed using the TLC technique
following the procedure described by Astaire (2002). The lipid
standards were phosphatidylcholine, phosphatidylethanolamine,
and sphingomyelin (SigmaeAldrich). Silica gel glass plates were by
Merck (Darmstadt, Germany) and the developing tanks by Kontes
Glass Company (Vineland, NJ, USA).
2.3. Statistical analysis

Results were analyzed statistically using Statistica 5.5 software
(StatSoft Inc, 2000). The ANOVA procedures were performed and
mean comparisons were carried out using Tukey’s test. Results
were considered significantly different at P < 0.05.
on and supercritical fluid extraction to obtain a whey buttermilk...,
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3. Results and discussion

3.1. Raw material features and dairy ingredient production

The composition of whey cream, butter, and buttermilk samples
are presented in Table 1. The protein, lipid, and ash content of whey
cream and buttermilk were closer to the composition obtained by
Morin et al. (2006) for regular cream and buttermilk than for the
whey derivatives. The differences observed in composition
between the studies may be due to variations in the product
origins. The whey cream could have been obtained using different
processing parameters or even from whey resulting from different
types of cheese production. The butter composition was similar in
both studies indicating that the initial cream composition has
a greater impact on the buttermilk than on the butter composition.

The phospholipids represented 5.65, 5.31 and 12.40% of the total
lipids (Table 1) in the whey cream, butter and buttermilk, respec-
tively. This demonstrates that this class of lipids distributes pref-
erentially to the aqueous phase. When whey cream is churned,
separating whey butter and buttermilk, the aqueous phase retains
triglyceride residues and the majority of all whey cream water-
soluble compounds, including MFGM material. This fact leads to
a higher phospholipid concentration, as a percentage of the total
lipids, in the whey buttermilk (12.40%) than inwhey butter (5.31%).
The observed phospholipid concentration in the whey buttermilk
was higher than the 4.5% phospholipid concentration observed by
Morin et al. (2006). The total phospholipids content in the whey
buttermilk (2.0% of total solids) was higher than the values in
former studies (Morin et al., 2006; Rombaut et al., 2006; Sachdeva
& Buchheim, 1997), which reported concentration from 1.3 to 1.8%.

The proportion of the different phospholipid classes in the whey
butter remained the sameas in thewheycream (Table 1). In contrast,
the whey buttermilk showed a higher proportion of phosphatidyl-
choline (44%)with a lower proportion of phosphatidylinositol (7.1%)
and phosphatidylserine (8.0%) in relation to the total phospholipids
content. Phosphatidylethanolamine and sphingomyelin repre-
sented 17.7 and 22% of the phospholipids in the whey buttermilk.
Different proportions of phospholipids were observed in whey
buttermilk (Morin et al., 2006) and in regular buttermilk (Britten,
Lamothe, & Robitaille, 2008; Morin et al., 2006). A study (Rombaut
et al., 2006) revealed that phosphatidylethanolamine, phosphoti-
dylinositol, and phosphatidylserine were inversely correlated with
phosphatidylcholine and sphingomyelin concentrations in butter-
milk, as observed in this study. According to the authors, this
phenomenon was probably related to the specific location of polar
lipids in the MFGM. Sphingomyelin and phosphatidylcholine were
found at the outside of the MFGM with the other phospholipids on
the inside (Danthine et al., 2000; Deeth, 1997).
Table 1
Composition (mean� standard deviation) of thewhey cream, butter and buttermilk.

Components (%) Whey cream Whey butter Whey buttermilk

Total solids 44.68 � 1.28 85.95 � 0.76 8.05 � 0.32
Proteinsa 3.59 � 0.28 0.55 � 0.08 24.89 � 2.02
Lipidsa 86.11 � 0.79 96.93 � 0.93 16.27 � 2.06
Phospholipidsa 4.86 � 0.45 5.14 � 0.48 2.01 � 0.16
Asha 3.94 � 0.51 0.08 � 0.01 7.01 � 0.47
Total phospholipidsb 5.65 � 0.52 5.31 � 0.51 12.40 � 0.80
Phosphatidylcholineb 1.90 � 0.26 1.77 � 0.24 5.71 � 1.50
Phosphatidylethanolamineb 1.00 � 0.06 0.94 � 0.05 2.11 � 0.68
Sphingomyelinb 1.23 � 0.18 1.16 � 0.17 2.69 � 0.17
Phosphatidylinositolb 0.87 � 0.02 0.84 � 0.02 0.88 � 0.04
Phosphatidylserineb 0.64 � 0.18 0.61 � 0.18 1.00 � 0.25

a Values given are on a dry matter basis.
b Values given are a percentage of total lipids.
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As expected during the UF/DF processing, lipids and proteins
were concentrated in the retentate while other whey buttermilk
components, especially ash and lactose, were removed in the
permeate side (Fig. 1). Until the second DF, the lipid and protein
concentration behaved similarly, however, after that the lipids
continued to be concentrated and a reduction in the total protein
content, calculated based on the nitrogen content, was observed.
This means that part of the nitrogen compounds, such as some
whey proteins, were being retained/adsorbed on the membrane or
lost in the permeate, probably small water-soluble non-protein-
nitrogen compounds.

The whey buttermilk composition changed significantly
(P < 0.05) after applying ultrafiltration and diafiltration. Although
nitrogenous compounds have been lost during the diafiltration, the
whole filtration process increased the whey buttermilk total
protein content around 91% and the lipids around 200%, while the
ash content was reduced by 74%. The ultrafiltration did not change
the initial lipid to protein ratio (1:1.5) of thewhey buttermilk (Table
1). On the other hand, during the diafiltration a greater increase in
the lipid content than the protein content occurred, which resulted
in a 1:1 ratio of these components in the final (5DF) retentate
(47.66 � 5.67% of protein and 48.48 � 6.05% of lipids on dry matter
basis).

The permeate flux during the filtration started at 45 L h�1 m�2,
dropped approximately 26% in the ultrafiltration step and increased
gradually in the diafiltration phase, reaching 36 L h�1 m�2 at the
end of the process. The average flux for the whole filtration process
was 31 L h�1 m�2.

After the membrane filtration, the whey buttermilk concentrate
was spray-dried and submitted to the supercritical fluid extraction
(SFE). The SFE process removed approximately 34 g of lipids from
each 100 g of sample (47.26 g of lipids), using 97 g of carbon dioxide
to extract each gram of this fat. This extraction represented
a reduction of 72% in the quantity of total lipids originally present in
the whey buttermilk powder. As expected, the extraction using
supercritical CO2 selectively removed non-polar lipids from the
matrix powder (Fig. 2). The removed fat did not contain any polar
lipids, as can be seen in the chromatogram (Fig. 2, lines 7 and 8),
consequently their concentration increased in the powders after
the SFE procedure (lines 4e6) when compared with the non-
treated whey buttermilk powders (lines 1e3).

According to Astaire et al. (2003), triglycerides have different
solubilities in supercritical CO2 depending on the type of chain and
molecular weight. Although the fatty acid concentration was not
evaluated in this work, results obtained by these authors allow us
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Fig. 1. Relative composition ( lipids, proteins, ash) of the membrane filtration
retentates. BM: whey buttermilk; UF: ultrafiltration; DF: diafiltration.
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Fig. 2. Thin Layer Chromatography polar lipids profile. (A): Non-polar lipids; (B)
Phosphatidylethanolamine; (C) Phosphatidylcholine; (D) Sphingomyelin. Lines: 1e3:
whey buttermilk powders (WBP); 4e6: supercritical fluid extraction-treated whey
buttermilk powders (SFE-WBP); 7e8: fat removed by SFE.
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to assume that most of the non-polar lipids removed by SFE were
probably triglycerides of short and medium chain fatty acids
(�C18:1). Selective removal of these lipids and the permanence of
lipids containing polyunsaturated fatty acids can be considered
positive effects of the extraction using supercritical CO2, since
polyunsaturated fatty acids have been considered lipids with
human health benefits (Haug, Høstmark, & Harstad, 2007).

3.2. Powder characterization

The composition of the whey buttermilk powder (WBP) and the
whey buttermilk powder after the SFE (SFE-WBP) are compared in
Table 2. As a consequence of the non-polar lipid removal by SFE,
there was a significant (P< 0.05) reduction of the total lipid content
by 57% and an increase in protein (53%), ash (55%), and
Table 2
Composition (mean � standard deviation) of the whey buttermilk powders
composition, prior and after the supercritical extraction.a

Components (%) WBP SFE-WBP

Total solids 98.42 � 0.90a 96.87 � 0.74a

Proteinsb 47.39 � 3.19b 72.69 � 2.79a

Lipidsb 47.26 � 3.71a 20.56 � 3.84b

Phospholipidsb 7.17 � 3.53b 11.95 � 4.34a

Ashb 2.29 � 0.13b 3.21 � 0.24a

Total phospholipidsc 14.81 � 6.61b 60.59 � 11.13a

Phosphatidylcholinec 6.26 � 3.32b 26.68 � 5.46a

Phosphatidylethanolaminec 3.19 � 1.50b 13.46 � 2.51a

Sphingomyelinc 3.48 � 1.71b 14.52 � 3.00a

Phosphatidylinositolc 0.94 � 0.10b 2.74 � 1.41a

Phosphatidylserinec 0.93 � 0.40b 3.19 � 2.11a

a Abbreviations are: WBP, whey buttermilk powder; SFE-WBP, whey buttermilk
powder after the supercritical fluid extraction. Values in a row with different
superscript letters are significantly different (P < 0.05).

b Values are on dry matter basis, except for total solids.
c Values are a percentage of total lipids.
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phospholipids (67%). A greater reduction in the lipid content (73%)
was observed by Astaire (2002) using SFE in regular buttermilk
retentate powders. However, the sample was mixed in biosilicate
(flux-calcined diatomaceous earth) and the temperature of
extractionwas 77 �C. The procedure in the present work used 50 �C
as the extraction temperature to avoid denaturation of proteins,
especially whey proteins. Moreover, the samples were not mixed in
biosilicate, since this material would impair the utilization of this
powder as a food ingredient. SFE did not influence the proportion of
the phospholipids in the powder, since this process did not remove
any of them. However, the lipid to protein ratio was reduced from
1:1 to 1:3.5 while the phospholipid to lipid ratio increased from
1:6.6 to 1:1.7. The whole filtration (UF/DF) and SFE processing
resulted in an increase of 500% in the phospholipid content, in
comparison to the original whey buttermilk on dry matter basis.

The SDS-PAGE protein profiles (data not shown) revealed that all
samples had three distinct protein groups: milk fat globule
membraneproteins, caseins and immunoglobulinG light chains, and
the main whey proteins b-lactoglobulin and a-lactalbumin. The
samples of whey buttermilk, whey buttermilk powder, and whey
buttermilk powder after SFE showed a lower proportion of proteins
in the molecular weight range of caseins and Ig-G light chains and
agreater proportionofMFGMandwheyproteins, especially after the
SFE step.Different proteinprofiles have beenpreviouslyobserved for
regular buttermilk powders, but casein has generally been found as
themain protein component (Morin et al., 2006; Sodini et al., 2006).

4. Conclusions

The procedure adopted in this present study, which included the
use of whey buttermilk as raw material and the combination of
ultrafiltration/diafiltration and supercritical fluid extraction,
allowed the production of a dairy powder enriched in MFGM
phospholipids and proteins. This phospholipids-rich ingredient
could be useful in different food products formulations, such as ice
cream, powdered soup mix or bakery delicacies and also as
a material to study or isolate the MFGM components by other
techniques.
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