
Original article

Effect of cream pasteurization, microfiltration
and enzymatic proteolysis on in vitro

cholesterol-lowering activity of buttermilk solids

Valérie CONWAY, Sylvie F. GAUTHIER, Yves POULIOT*

STELA Dairy Research Center and Institute of Nutraceuticals and Functional Foods (INAF),
Université Laval, Quebec City, QC, G1V 0A6, Canada

Received 5 June 2009 – Revised 12 February 2010 – Accepted 22 March 2010

Published online 28 May 2010

Abstract – The lipids and proteins of buttermilk solids have been associated with several potential
health benefits. In this work, the effect of cream pasteurization, microfiltration (MF) and enzymatic
proteolysis on the chemical composition and cholesterol-lowering activity of buttermilk solids was
studied. Buttermilk was made from pasteurized or unpasteurized cream and fractionated using a
0.5-μm MF membrane or treated with pepsin or pepsin followed by trypsin. The cholesterol-
lowering activity of the products obtained was measured as micellar solubility of cholesterol
in vitro. This value was reduced significantly by 57.1% of the control in the presence of raw-cream
buttermilk, while buttermilk from pasteurized cream had a much lower impact (reduction of
17.0%). These results suggest a strong inhibitory effect of components in raw-cream buttermilk on
in vitro micellar solubility of cholesterol. MF retentate and permeate of buttermilks made from
either cream had smaller effects on micellar solubility. Enzymatic hydrolysis of buttermilk made
from pasteurized cream seemed to restore the lost cholesterol-lowering activity.

buttermilk / milk fat globule membrane / pasteurization / microfiltration / cholesterol-lowering
activity / enzymatic hydrolysis

摘要 – 巴氏杀菌奶油、微滤和蛋白水解酶对固态酪乳体外降胆固醇活性的影响○ 固态酪
乳中的脂肪和蛋白质与人体潜在的健康问题紧密相关○ 本文研究了巴氏杀菌、微滤
(MF) 和蛋白酶水解奶油对固态酪乳化学成分和降胆固醇活性的影响○ 采用巴氏杀菌奶油
制成酪乳，或未经巴氏杀菌而使用 0.5 微米微滤膜分级得到的奶油以及经胃蛋白酶处理或
以胰蛋白酶酶解再用胃蛋白酶处理的奶油○ 对产品中体外降胆固醇活性则通过测定胆固醇
胶束的溶解度来表示○ 从生鲜奶油分离出来酪乳的降胆固醇活性显著降低 57.1%，而从巴
氏杀菌奶油中得到的酪乳则影响很低 (减少 17.0%)○ 结果显示以生鲜奶油分离得到的酪
乳成分对胆固醇胶束溶解度有较强的抑制作用○ 酪乳的 MF 滞留物和透过液对胶束溶解
度影响较小○ 酶法水解巴氏杀菌奶油得到的酪乳恢复了降胆固醇活性○

酪乳 / 乳脂肪球膜 / 巴氏杀菌 / 微滤 / 降胆固醇活性 / 酶水解

Résumé – Effet de la pasteurisation de la crème, du fractionnement par microfiltration et de
la protéolyse enzymatique sur l’activité hypocholestérolémiante in vitro des solides du
babeurre. Les lipides et protéines du babeurre sont associés à différentes activités biologiques
bénéfiques pour la santé. Le but de cette étude était de mesurer l’effet de la pasteurisation de la
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crème, de la microfiltration (MF) et de la protéolyse enzymatique sur la composition chimique et
l’activité anti-cholestérol des solides du babeurre. Des babeurres issus de crèmes crues ou pasteu-
risées ont été fractionnés à l’aide d’une membrane de 0,5 μm ou hydrolysés à l’aide de pepsine ou
de pepsine suivie de trypsine. L’activité hypocholestérolémiante des produits ainsi obtenus a été
mesurée en termes de solubilité micellaire du cholestérol in vitro. Une réduction de 57,1 % par
rapport au témoin a été obtenue en présence du babeurre issu de crèmes crues, tandis que l’impact
du babeurre issu de crèmes pasteurisées était plus faible (réduction de 17,0 %). Ces résultats
suggèrent la présence, dans le babeurre issu de crèmes crues, de composants inhibant fortement la
solubilité micellaire du cholestérol in vitro. Les rétentats et perméats des babeurres issus des crèmes
crues ou pasteurisées ont eu des effets moins importants sur la solubilité micellaire du cholestérol.
L’hydrolyse enzymatique du babeurre issu de crèmes pasteurisées a permis de rétablir, au moins en
partie, l’activité hypocholestérolémiante perdue.

babeurre / membrane de globule de gras / pasteurisation / microfiltration / activité
hypocholestérolémiante / hydrolyse enzymatique

1. INTRODUCTION

Buttermilk is the liquid by-product result-
ing from the churning of cream in butter
manufacture. Fragments of the milk fat
globule membrane (MFGM) end up in the
buttermilk along with most of the water-sol-
uble cream components such as lactose,
minerals and milk proteins. MFGM frag-
ments are believed to be partly responsible
for the distinctive characteristics of butter-
milk as a functional ingredient [27].
Although its overall composition is similar
to skim milk, buttermilk is known for its rel-
atively high concentration of MFGM polar
lipids. The phospholipid content of butter-
milk can reach up to seven times that of
whole milk [25]. Mainly composed of
phosphatidylethanolamine (PE), phosphati-
dylcholine (PC), sphingomyelin (SM), phos-
phatidylinositol (PI), phosphatidylserine
(PS), glucosylceramide (GluCer) and lacto-
sylceramide (LacCer), MFGM phospholip-
ids have been associated recently with
numerous health benefits such as protective
effects against cancer, stress, Alzheimer’s
disease and gastrointestinal pathogens as
well as hypercholesterolaemia as reviewed
in [4, 24, 26]. For example, SM, which rep-
resents approximately 25% of the MFGM
phospholipids, has been shown to reduce
intestinal absorption of cholesterol in rats

[6, 12, 21]. One of the possible explanations
for this effect is the slowness of SM hydro-
lysis in the gastrointestinal tract. This phe-
nomenon may slow down the hydrolysis of
other lipids and hence micelle formation,
thus reducing cholesterol absorption [20].
Other hypotheses for the hypocholesterolae-
mic effects of SM are based on its strong
chemical affinity for cholesterol and its
incomplete digestion, giving this phospho-
lipid the capacity to bind cholesterol
throughout the small intestine [6]. Nagaoka
et al. [19] have suggested that decreasing
themicellar solubility of cholesterol can sup-
press its absorption and therefore plays an
important role in hypocholesterolaemia.

In spite of growing interest and knowl-
edge regarding health benefits of MFGM
components, most of the published work
has focused on purified MFGM molecules
and has not considered the bioactivity of
MFGM fragments as a whole, for example,
in complex mixtures of membrane proteins
and polar lipids in a dairy matrix such as
buttermilk. Moreover, the impact of differ-
ent buttermilk processing technologies and
enzymatic hydrolysis has not yet been stud-
ied. It is known that heat processing of
cream modifies the composition and struc-
ture of MFGM to a considerable extent
[8, 24]. Heat treatment denatures whey
and MFGM proteins, resulting in the
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formation of various complexes with case-
ins [3, 5, 8, 29]. These heat-induced interac-
tions are likely to modify the bioactivity and
functional properties of MFGM.

The objective of this work was to com-
pare the composition and in vitro choles-
terol-lowering activity of buttermilk solids
obtained from raw and pasteurized cream
and hence the potential impact of processing
on their in vivo reduction of cholesterol
micellar solubility. Buttermilk fractions
obtained by microfiltration (MF) or by
sequential hydrolysis with pepsin and tryp-
sin were also examined.

2. MATERIALS AND METHODS

2.1. Processing conditions

Fresh raw cream was purchased from a
local dairy (Natrel, QC, Canada) in 100-kg
batches. Each batch was divided into two
portions upon reception, one of which was
pasteurized (Pasteurizer Actini, �Evian-Les-
Bains, France) without delay at 85 °C for
20 s and rapidly cooled to 10 °C, while
the other was placed at 10 °C. Both portions
were kept overnight at 10 °C and processed
the following day in a rotary churn at 13 °C
and 26 rpm until buttermilk was expelled.
The buttermilk was passed through a stain-
less steel filter to remove butter particles and
then skimmed at 37 °C using a milk separa-
tor (Alpha-Laval, Lund, Sweden). A sample
was removed and cooled rapidly and the
rest was microfiltered with co-current recir-
culation of permeate using a Bactocatch™
module (Tetra Pak, Lund, Sweden) contain-
ing 0.5-μm ceramic membrane (Membralox
P35-37, Pall Corporation, Mississauga, ON,
Canada). MF was done until the retentate
volume was reduced threefold. The retentate
was restored with tap water to its initial vol-
ume and re-filtered until reduced fourfold in
volume (diafiltration, in effect). Pressure
and temperature were maintained constant

at 50 kPa and 45–50 °C. The final MF re-
tentate and permeate were cooled rapidly
at 4 °C. All samples (buttermilk, MF per-
meate and retentate) were freeze dried and
the recovered powders were stored frozen
(−35 °C). The above processing procedure
was done on four batches of cream (n = 4).

The MF membrane was cleaned after
each batch by rinsing with deionized water
followed by circulation of alkaline cleaner
(1.5% (v/v) Ultrasil 25, EcoLab, St. Paul,
MN, USA) containing 200 ppm of chlorine
for 45 min at 75 °C. The system was
then rinsed with warm deionized water
(50–60 °C) until the normal water pH was
reached and acid detergent (0.3% (v/v)
Ultrasil 76, EcoLab) was then circulated
for 30 min at 50 °C. The system was then
rinsed with deionized water until the normal
water pH was reached. The cleaning proce-
dure was repeated until the initial water flux
was restored.

2.2. Chemical analysis

All chemical analyses were performed in
triplicate. Moisture and ash contents were
determined gravimetrically by drying at
100 °C for 4 h in a drying oven followed by
incineration in a muffle furnace at 550 °C
for 24 h. Protein content was determined
by the Dumas combustion method [9] using
an FP-528 Leco apparatus (Leco Corp.,
St. Joseph, MI, USA). The calibration
standard curve was prepared using ammo-
nium sulphate (99.99%w/w, Sigma-Aldrich,
Oakville, ON, Canada) and nitrogen content
was converted to protein using the milk con-
version factor (6.38). Differences in butter-
milk MFGM protein distribution among
MF retentate and permeate (pasteurized and
unpasteurized) were assessed by sodium
dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) using a 12.5% poly-
acrylamide gel under reducing conditions
as described elsewhere [13]. Relative protein
distribution in the samples was obtained
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by densitometry using Quantity One soft-
ware from BioRad. Individual proteins were
identified using a pre-stained SDS-PAGE
MW broad range standard (Bio-Rad labora-
tories, Hercules, CA, USA). The protein
bands were assigned according to Mather
[14]. Lipids were extracted using a gravimet-
ric extractionmethod [10], then weighed and
diluted in 2:1 chloroform:methanol mixture
to a final lipid concentration of 10 mg·mL−1.
All lipid samples were stored at −20 °C until
further analysis. Differences in buttermilk
phospholipid distribution among MF reten-
tate and permeate (pasteurized and unpasteur-
ized) were assessed using high-performance
liquid chromatography with evaporative
light scattering detector (HPLC-ELSD) as
described by Morin et al. [17]. The various
phospholipid peaks were assigned using
phospholipid standards, according to the
work of Rombaut and Dewettinck [23]. For
comparative purpose, the relative proportion
of each phospholipid was estimated by deter-
mining its individual peak area compared to
the total surface area of the chromatogram.

2.3. Measurement of the in vitro
micellar solubility of cholesterol

The in vitro micellar solubility of choles-
terol in the presence of whole buttermilk
solids, MF permeate, MF retentate, peptic
hydrolysate and peptic/tryptic hydrolysate
(see below) was measured in triplicate
according to the method of Ikeda et al.
[11] with some modifications. Micellar
solution (10 mL) was prepared in
15 mmol·L−1 sodium phosphate buffer
(pH 7.4) containing 6.6 mmol·L−1 sodium
taurocholate, 0.5 mmol·L−1 cholesterol,
1 mmol·L−1 oleic acid, 0.65 mmol·L−1 PC,
132 mmol·L−1 NaCl and 200 mg of
freeze-dried sample. The mixture was
sonicated at 37 °C, incubated at the same
temperature for 24 h and then centrifuged
at 10 000× g (Beckman Coulter Optima

MAX ultracentrifuge, TLA 100.3 rotor,
Fullerton, CA, USA) at 37 °C. Cholesterol
was extracted from the supernatant using
hexane after 1 h of saponification with
0.5 mol·L−1 KOH at 60 °C and determined
using a colorimetric method with o-phthal-
dialdehyde in a mixture of acetic and sul-
phuric acids (2:1) as proposed by Zlatkis
and Zak [30]. Absorbance was measured
at 550 nm against a blank consisting of
o-phthaldialdehyde in the same acidic mix-
ture. Results were expressed relative to a
cholesterol reference made without the
200 mg of sample.

2.4. In vitro enzymatic hydrolysis
of buttermilk

The four replicate batches of buttermilk
solids obtained from raw or pasteurized
cream were pooled for the purpose of this
experiment (to make the samples more rep-
resentative). The conditions selected for
peptic hydrolysis were based on the physio-
logical parameters described in the user’s
manual for the TNO dynamic gastrointesti-
nal simulator (TIM) developed by Minekus
et al. [16], with some modifications. The
following procedure was done in triplicate.
Buttermilk solution (1000 g) was prepared
at 5% protein (w/w) in gastric salts mixture
(52 mmol·L−1 NaCl, 15 mmol·L−1 KCl,
1 mmol·L−1 CaCl2 and 7 mmol·L−1

NaHCO3) and stirred overnight at 4 °C.
Peptic hydrolysis was then done at 37 °C
and pH 2.0 (adjusted with 1 mol·L−1 HCl)
for 2 h with stirring. Porcine pepsin
(EC 3.4.23.1, 2500−3500 U·mg−1 protein,
Sigma-Aldrich) was used at an enzyme to
substrate mass ratio of 1:100. Samples were
removed before and after hydrolysis. The
pH was then adjusted to 8.0 with 1 mol·L−1

NaOH and bovine trypsin (EC 3.4.21.4,
Type I, 10 000 BAEE·U·mg−1 protein,
Sigma-Aldrich) was added at an enzyme
to substrate mass ratio of 1:250. After 3 h
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of tryptic hydrolysis, the enzymes were
removed using an ultrafiltration (UF) sys-
tem equipped with a 30 kg·mol−1 molecular
weight cut-off (MWCO) polyethersulphone
membrane (Prep/scale™-TFF 0.0929 m2

cartridge, Millipore Corp., Bedford, MA,
USA). Pressure and temperature were main-
tained constant at 14 MPa and 37 °C until
the retentate was concentrated fivefold.
Tap water (37 °C) was then added to restore
the initial volume. The filtration was then
continued until the retentate was re-concen-
trated fourfold (diafiltration). The pooled
UF permeate thus represents the completed
(peptic and tryptic) hydrolysis. All samples
were freeze dried and kept at −35 °C until
further analysis.

2.5. Statistical analysis

Treatment effects were subjected to two-
way analysis of variance using a general lin-
ear model procedure of SAS 9.1.3 Service
Pack 2 software (SAS Institute Inc., Cary,
NC, USA). All values are displayed as
mean ± standard error of the mean (SEM)
and considered statistically different if
P < 0.05.

3. RESULTS

3.1. Effect of cream pasteurization
and MF fractionation
on buttermilk composition

The ash, protein and lipid contents of all
samples, expressed as % of dry matter, are
presented in Figure 1. The slightly higher
ash content of MF permeate is likely due
to the diafiltration step. As expected, protein
and lipid contents are concentrated in MF
retentate. Pasteurizing the cream had a
greater impact on lipid content than on the
other components: 7.4% in buttermilk solids
and 18.2% in MF retentate, compared to

6.2% and 13.5%, respectively, in the corre-
sponding products from raw cream
(P = 0.0131). There were no significant dif-
ferences between the four replicate batches
of buttermilks for ash, protein or lipid con-
tents (Tab. I). MF fractionation also induced
a highly significant difference (P < 0.0001)
in protein contents and significant interac-
tions were observed between buttermilks
and MF fractions as well as between MF
permeates and MF retentates. Significant
interactions were also observed between
heat treatment and MF fractions for ash
and lipid contents but not for protein
content.

The phospholipid (PL) relative propor-
tions (glycerophospholipids and sphingoli-
pids) of samples are shown in Table II. At
29–40% and 32–39%, PE and PC were
the most abundant phospholipids, followed
by SM (12–14%), PI (6–8%), LacCer
(1–9%), PS (1–4%) and GluCer
(0.1–0.7%). Overall, PE, PC and SM
accounted for more than 70% of the butter-
milk phospholipids. As shown in Table II,
the batch effect and the heat treatment effect
were both significant for LacCer, PI and
SM, making it difficult to reach a clear con-
clusion about the effect of heat treatment on
these specific phospholipids. As proposed
by Morin et al. [18], processing might have
induced an aggregation of some phospho-
lipids resulting in decreased solubility in
extraction solvent. However, MF fraction-
ation clearly affected the PE and PC con-
tents significantly but in the opposite
manner, PE content increasing in MF reten-
tates, while PC increased in MF permeates,
in both cases regardless of cream process-
ing. No significant interaction between
cream heat treatment and MF fractionation
of the buttermilks was observed.

Figure 2 presents the SDS-PAGE pat-
terns of the buttermilks, MF permeates
and MF retentates. Five different bands
were associated with MFGM proteins,
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three with milk caseins (α-, β- and κ-CN)
and two with the major whey proteins,
β-lactoglobulin (β-LG) and α-lactalbumin
(α-LA). MFGM proteins were present in

all six samples tested. Densitometry
measurements (data not shown) revealed
that the most intense MFGM bands were
observed for the two MF retentates
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Figure 1. Effect of cream pasteurization on the ash (a), protein (b) and lipid (c) contents (% dry
matter) of buttermilk and its MF fractions (mean ± standard error of the mean, n = 4).
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(lanes 5 and 6). The whey protein bands
(β-LG and α-LA) were more intense in

the MF retentate from pasteurized cream
(lane 6) compared to raw cream (lane 5).

Table I. Statistical significance of heat treatment (of the cream) and of MF on the ash, protein and
lipid contents of buttermilk.

Comparison Significance (P value)

Ash Protein Lipid

Replicate batches N.S.a N.S. N.S.
Heat treatment N.S. N.S. 0.0131
Fractionation (MF) < 0.0001 < 0.0001 < 0.0001
– (Buttermilk) × (Permeate & Retentate) < 0.0001 0.0128 0.0028
– (Permeate) × (Retentate) < 0.0001 < 0.0001 < 0.0001

(Heat treatment) × (Fractionation) 0.0023 N.S. 0.0183
– (Buttermilk) × (Heat treatment) × (Permeate & Retentate) N.S. N.S. N.S.
– (Heat treatment) × (Permeate) × (Retentate) 0.0007 N.S. 0.0060

a N.S. = non-significant (P > 0.05).

Table II. Relative proportions (%)a of phospholipidsb measured in buttermilk solids obtained from
raw or pasteurized cream and in the fractions obtained by microfiltration (MF permeate and MF
retentate).

Fraction GluCer LacCer PE PI PS PC SM

From raw cream
Buttermilk 0.7 4.3 36.6 6.9 2.5 33.4 12.1
MF permeate 0.3 9.0 29.0 6.7 1.4 37.6 11.5
MF retentate 0.4 6.7 36.7 6.1 2.7 32.0 11.7

From pasteurized cream
Buttermilk 0.6 1.6 39.9 7.1 3.6 30.7 13.0
MF permeate 0.1 2.6 30.4 7.5 2.4 38.8 13.5
MF retentate 0.2 1.2 33.6 7.1 2.5 32.5 13.6
SEM (n = 4) 0.2 0.9 1.9 0.4 0.4 1.3 0.5

Comparison Significance (P value)

Replicate batches N.S.c 0.0446 N.S. 0.0008 N.S. N.S. 0.0103
Heat treatment N.S. < 0.0001 N.S. 0.0248 N.S. N.S. 0.0015
Fractionation (MF) N.S. N.S. 0.0045 N.S. N.S. 0.0008 N.S.
– (Buttermilk) × (Permeate & Retentate) N.S. N.S. 0.0097 N.S. N.S. 0.0324 N.S.
– (Permeate) × (Retentate) N.S. N.S. 0.0113 N.S. N.S. 0.0005 N.S.

(Heat treatment) × (MF fractions) N.S. N.S. N.S. N.S. N.S. N.S. N.S.

a Individual peak area relative to the total HPLC-ELSD chromatogram surface area.
b GluCer = glucosylceramide; LacCer = lactosylceramide; PE = phosphatidylethanolamine; PI = phos-
phatidylinositol; PS = phosphatidylserine; PC = phosphatidylcholine; SM = sphingomyelin.
c N.S. = non-significant (P > 0.05).
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3.2. Effect of cream pasteurization
and MF fractionation
on the in vitro cholesterol
micellar solubility

The effects of cream pasteurization and
MF fractionation on the cholesterol micellar
solubility in the presence of buttermilk sol-
ids are presented in Table III. The greatest
reduction of in vitro cholesterol solubility
(57.1%) was obtained in the presence of
buttermilk solids obtained from raw cream.
Pasteurization of the cream led to a higher
in vitro cholesterol micellar solubility
(83.3%) in the presence of buttermilk solids
compared to buttermilk solids obtained
from raw cream (42.9%). MF fractionation
of buttermilk from raw or pasteurized cream
had the same effects. As shown in Table III,
the effect of heat treatment is highly signif-
icant (P = 0.001) and that of MF fraction-
ation is also significant (P = 0.0121),
while the significance of the interaction
between whole buttermilks and MF

fractions was in between (P = 0.0038). No
significant MF permeate × MF retentate or
heat treatment × MF fraction interaction
was observed.

3.3. Effect of proteolysis on the
cholesterol micellar solubility
in the presence of buttermilk
solids obtained from raw
and pasteurized cream

The effects of proteolysis by pepsin and
trypsin on the ability of buttermilk solids to
reduce the cholesterol micellar solubility are
shown in Table IV. First, a large increase in
micellar solubility in the presence of non-
hydrolysed buttermilk from both raw and
pasteurized cream was noted in comparison
with the values in Table III. This is likely
due to the use of the gastric salts mixture,
which appears to have increased the solubil-
ity of cholesterol. Nevertheless, the effects
of the treatments are still apparent. Pasteur-
ization still had a negative impact on the

MFGM 
proteins

(MW)
207
114
78

53

35

28

20

7

CD36

MUC1

BTN

XO

PAS 6/7

α-CN
β-CN
κ-CN

β-LG

α-LA

3 4 5 6STD 1 2

Figure 2. SDS-PAGE (under reducing conditions) profiles of proteins in buttermilk made from raw
or pasteurized cream. STD = molecular weight (MW) standard; 1 = buttermilk from raw cream;
2 = buttermilk from pasteurized cream; 3 = MF permeate (raw); 4 = MF permeate (pasteurized);
5 = MF retentate (raw); 6 = MF retentate (pasteurized). Protein bands are: MUC1 = mucin 1;
XO = xanthine oxidase; CD36 = cluster of differentiation; BTN = butyrophilin; PAS 6/7 = peri-
odic acid Schiff 6/7; α-CN = α-casein; β-CN = β-casein; κ-CN = κ-casein; β-LG = β-lactoglob-
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cholesterol micellar solubility in vitro in non-
hydrolysed buttermilk. Though no signifi-
cantly (Tab. IV), cholesterol solubility seems
to increase slightly in the presence of the
product hydrolysed in the case of buttermilk
from raw cream, while the reverse seems to
be observed in the case of buttermilk from
pasteurized cream. The fact that cream pas-
teurization increased the in vitro micellar sol-
ubility of cholesterol in the presence of the
resulting buttermilk product thus appeared
attenuated by enzymatic hydrolysis using
gastrointestinal enzymes. A highly signifi-
cant (P = 0.0009) interaction was observed
between heat treatment and proteolysis.

4. DISCUSSION

An interesting finding of this study is
that significantly lower in vitro cholesterol
micellar solubility was found in all butter-

milk products obtained from raw cream
compared to pasteurized ones. However,
the effect of cream pasteurization on the
cholesterol-lowering activity is difficult to
explain in terms of product composition
alone since the samples with and without
pasteurization did not have the same protein
and lipid compositions.

The relative proportions of the various
phospholipids in the buttermilk made from
raw cream are in agreement with data
reported previously [22, 23]. The relative
proportion of SM, known for its hypocholes-
terolaemic activity [6, 12, 20, 21], was
increased significantly (P = 0.0015) in but-
termilk from pasteurized cream, confirming
earlier data obtained by Morin et al. [17].
However, in spite of this increase, the effect
of pasteurization was to increase the in vitro
cholesterol micellar solubility of buttermilk
solids. This may be due to modifications
of the MFGM composition following

Table III. Cholesterol micellar solubility determined in vitro in the presence of buttermilk solids
and MF fractions made from raw or pasteurized cream.

Fraction Cholesterol micellar solubilitya (%)

From raw cream
Buttermilk 42.9
MF permeate 73.2
MF retentate 67.2

From pasteurized cream
Buttermilk 83.0
MF permeate 93.7
MF retentate 93.5
SEM (n = 4) 3.3

Comparison Significance (P value)

Replicate batches N.S.b

Heat treatment 0.0010
Fractionation (MF) 0.0121
– (Buttermilk) × (Permeate & Retentate) 0.0038
– (Permeate) × (Retentate) N.S.

(Heat treatment) × (MF fractions) N.S.

a Relative to micellar cholesterol solution without buttermilk product.
b N.S. = non-significant (P > 0.05).
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heat treatment. It is well known that heat-
induced complexes can be formed between
whey proteins (β-LG and α-LA) andMFGM
via thiol/disulphide interchange [24, 28, 29].
In fact, it has been reported that a new mem-
brane can result from these new interactions
and modify the functional properties of but-
termilk [2]. It is possible that adsorption of
such proteins interferes with cholesterol fixa-
tionbyMFGMphospholipids, primarilySM,
which is located on the outside of theMFGM
along with PC [4]. However, the composi-
tional data reported in the present study did
not provide evidence of a direct contribution
of phospholipids such as SM to the choles-
terol-lowering activity of buttermilk.

Our results also provide evidence thatMF
fractionation decreases the cholesterol-low-
ering activity of buttermilk solids. Although

MF retentates were enriched in total lipids
and proteins (MFGM and milk proteins)
compared to other samples (Figs. 1 and 2),
buttermilk from raw cream was significantly
more effective than the correspondingMF re-
tentate at reducing the micellar solubility of
cholesterol in vitro (Tab. III).

This phenomenon may also result from
process-related alterations of the MFGM
composition. It has been reported that pro-
cessing steps such as mechanical agitation,
pumping, stirring and homogenization
indeed affect the structure and composition
of the MFGM [7, 15, 27]. The limited cho-
lesterol-lowering activity observed for frac-
tionated buttermilk (MF permeates and
MF retentates) may arise from all the recir-
culation involved in the MF/DF process,
which can induce protein aggregation

Table IV. Effect of enzymatic hydrolysis of buttermilk solids obtained from raw or pasteurized
cream on the in vitro cholesterol micellar solubility.

Sample Cholesterol micellar solubilityd (%)

From raw cream
Non-hydrolyseda 70.9
Peptic hydrolysateb 73.5
UF permeatec 84.5

From pasteurized cream
Non-hydrolyseda 99.0
Peptic hydrolysateb 88.8
UF permeatec 82.5
SEM (n = 3) 2.8

Comparison Significance (P value)

Replicate batches N.S.e

Heat treatment < 0.0001
Fractionation (MF) N.S.
– (Buttermilk) × (Permeate & Retentate) N.S.
– (Permeate) × (Retentate) N.S.

(Heat treatment) × (MF fractions) 0.0009

a Freeze-dried low-fat buttermilk in gastric salt solution before the addition of pepsin.
b After 2 h of treatment with pepsin.
c Ultrafiltration (UF) permeate obtained using 30 kg·mol−1 MWCO membrane after hydrolysis with
pepsin (2 h) and trypsin (3 h).
d Relative to micellar cholesterol solution without buttermilk product.
e N.S. = non-significant (P > 0.05).
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at fragmented MFGM surfaces and decrease
the availability of cholesterol-binding sites.

Our results show that the pasteurized
fractions recovered their cholesterol-lower-
ing activity after the 5-h sequential digestion
with pepsin and trypsin, reducing the effect
of pasteurization to insignificance. This
result supports the hypothesis that the nega-
tive impact of pasteurization on micellar
cholesterol solubility reduction capacity of
the buttermilk fractions would be due to pro-
teins adsorbed at the surface of MFGM frag-
ments. It can be further hypothesized that
following proteolysis by gastric and pancre-
atic enzymes, the cholesterol-binding sites
of MFGM fragments were once again avail-
able and the cholesterol-lowering activity of
the pasteurized fractions was recovered.

Comparing samples that do not have the
same lipid and protein compositions and the
absence of in vivo results may be consid-
ered as some limitation of the present study.
However, this preliminary study aimed at
comparing the response of various types
of buttermilk fractions as such and at assess-
ing the impact of processing on the in vitro
cholesterol-lowering capacity of buttermilk
products when exposed to the same amount
of freeze-dried samples. Nevertheless, this
preliminary study generated relevant data
for further in vivo study in our laboratory.

5. CONCLUSION

Overall, our results show that buttermilk
made from raw cream revealed a lower cho-
lesterol micellar solubilization than butter-
milk made from pasteurized cream, based
on in vitro measurement. We also demon-
strated that processing steps such as pasteur-
ization or MF fractionation may limit the
capacity of raw-cream buttermilk to reduce
in vitro micellar solubility of cholesterol.
Also, hydrolysis by digestive proteases was
effective in reversing the negative impact
of pasteurization on the cholesterol-lowering
activity of buttermilk. Although in vivo
studies will be necessary to validate the

potential of buttermilk to reduce intestinal
absorption of cholesterol, the results of this
preliminary study point to new attributes
for increasing the commercial value of
buttermilk.
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