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Evaluation of antioxidant activity of whey protein to improve
cholesterol oxidation stability in fresh white cheese from buttermilk

PAULINA BIERZUNSKA - DOROTA CAIS-SOKOLINSKA -
MAGDALENA RUDZINSKA - ANNA GRAMZA-MICHALOWSKA

Summary

The health-promoting value of fresh white cheese made from buttermilk can be increased by adding to it a whey protein
concentrate (WPC). At the same time, the antioxidant potential of whey protein can be used to stabilize the lipid frac-
tion. WPC-enriched cheese had higher ferric reducing antioxidant power (FRAP) values than the control buttermilk
cheese. The 1,1-diphenyl-2-picrylhydrazyl radical-scavenging activity (DPPH) was also higher in WPC-enriched cheese,
but not as noticeable as in the case of the FRAP assay results. A strong correlation was established between FRAP and
DPPH antioxidant activity values, and the amount of cholesterol oxidation products in WPC-enriched cheese. The
longer the WPC-enriched buttermilk cheese was stored, the lower the number of cholesterol oxidation products (mostly
7B-hydroxycholesterol and 5,6-B-epoxycholesterol) was determined. After 30 days, the content of total cholesterol oxi-

dation products in WPC-enriched cheese was 4.7-fold lower than in the control cheese.
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Dairy industry is one of the most innovative
food sectors. Consumers seek out those dairy
products that provide for the proper physiological
functioning of the body and that contain bioac-
tive components [1, 2]. Products with new or im-
proved ingredients and health-promoting proper-
ties are appearing on the market, including acid
whey cheeses. The most important cheese in this
assortment group is fresh white cheese (tvorog,
quark, twardg, bialy ser, farmer cheese, Weilkise,
beli sir, tvaroh). The raw substance used in the
production of traditional fresh white cheese is
milk subjected to acid or acid-rennet coagulation.
Milk can also be replaced by buttermilk or a mix-
ture of non-fermented milk and BM. The use of
buttermilk in cheese was mentioned by FERREIRO
et al. [3]. Buttermilk resembles skim milk in com-
position and appearance, but contains most of the
milk fat globule membrane (MFGM), which is
composed of phospholipids, including phosphati-
dylcholine (lecithin), phosphatidylethanolamine
and sphingomyelin. Due to high concentration of

polyunsaturated fatty acids, buttermilk is suscepti-
ble to oxidative deterioration [4]. MFGM contains
a mixture of proteins, glycoproteins and phospho-
lipids, all of which can act as emulsifiers and help
the fat globule remain suspended in milk. Since
buttermilk contains MFGM (along with casein),
it is an interesting source of ingredients with the
potential to impart certain specific characteristics
to cheese made from it [5]. Using buttermilk in
cheese production is also justified economically.
In traditional cheese-making, casein is almost
the exclusive curd structure. Casein contains four
fractions: aSl-casein, as2-casein, P-casein, and
k-casein. Almost the entire whey protein frac-
tion, B-lactoglobulin (B-LG) and a-lactoalbumin
(a-LA), upon precipitating at isoelectric point
and curd processing, remains in solution and is
lost in whey. This represents a very significant
huge loss, because whey proteins have antioxi-
dant properties [6]. These properties depend on,
among others, the presence of sulfuric amino
acids in the structure. More precisely, B-LG is the
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source of y-glutamylcysteine dipeptide, the pre-
cursor of glutathione that possesses strong anti-
oxidant properties [7]. The main components of
antioxidant peptides are the amino acid residues
of histidine, tyrosine, methionine, lysine, and tryp-
tophan, which are also antioxidants in their free
form. It is not only the amino acid sequence, but
also the spatial configuration of the peptide, that
give it its antioxidant properties [8, 9]. The ability
to neutralize free radicals and inhibit enzymatic
and non-enzymatic oxidation of lipids is exhibit-
ed by a fragment of B-LG, a peptide with the se-
quence WYSLAMAASDI. This peptide, obtained
through proteolysis by corolase PP, demonstrated
a greater ability to neutralize free radicals than did
butylhydroxyanisole. B-LG and a-LA may also re-
lease peptides of sequences MHIRL and YVEEL,
both exhibiting antioxidant properties [10].

In dairy products, the initiators of free-radical
processes are the cholesterol oxidation products
(COPs), which are highly reactive components.
The most bioactive and cytotoxic COPs include
cholesterol 25-hydroxylase (25-OHC), cholesta-
netriol (triolC), 7o- and 7B-hydroxycholesterol
(7a-OHC and 7B-OHC), 7-ketocholesterol
(7-ketoC) and epoxy derivatives of cholesterol,
5.6B- and 5.6a-epoxycholesterol (B-epoxyC and
o-epoxyC) [11]. Their presence in milk depends
on the initial content of cholesterol, tempera-
ture and time of storage, as well as on availability
of light and oxygen [11, 12]. Milk fat in cheeses
is considered oxidatively more stable than, for
example, milk powder. Only limited data are avail-
able in scientific literature on analysis of oxysterols
in fresh cheese, and even fewer studies regarded
oxysterols in buttermilk.

The objective of this study was to utilize whey
proteins and employ their antioxidant potential
to stabilize the lipid fraction of buttermilk cheese.
The evaluation of stability was based on the de-
termination of cholesterol oxidation products in
cheeses made from buttermilk.

MATERIALS AND METHODS

Collection, packaging, storage and sampling of
cheeses

The research material was fresh white cheese
made from buttermilk, a left-over after the in-
dustrial production of butter from cream (Great
Poland). Model cheese parts (n = 7) were made
on a pilot scale (Poznari/Wrzesnia, Poland). The
cheese was prepared from buttermilk, with or
without the addition of whey protein concentrate
(WPC). For this purpose, 2.2 kg of a commercial
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powder product, sweet WPC80 (Spomlek Dairy
Cooperative, Radzyi Podlaski, Poland), was dis-
solved in 5 | of whey after the cheese had been
made from buttermilk. Then, a solution of 4 cm3
of 60% CaCl; was added to a 50-litre mixture of
buttermilk and WPC to integrate the buttermilk-
based casein and WPC-enriched whey proteins
introduced to it. From that point on, the cheese-
making process proceeded unchanged. The tech-
nical and technological conditions of the butter-
milk processing, with and without the addition of
WPC, were chosen so that coagulation occurred
after 2 h at 50-52 °C. The curd had titratable acid-
ity of 0.7 % (expressed as percentage of lactic
acid) and pH of 4.6. It was sliced into cubes 10 cm
long, and then 4 cm long, which were later stirred
and heated to 34 °C. The heating rate was 1 °C per
10 min. The titratable acidity of the whey after
heating did not exceed 0.6 % of lactic acid. Drain-
ing was performed in a layer (4 = 10 cm) on a spe-
cial curd-finishing table. Ironing took 3.5 h at the
initial and final temperatures of 20 °C and 10 °C,
respectively, and at a maximum pressing force of
3 kg per 1 kg of cheese. Fresh white cheese made
from buttermilk and buttermilk with WPC was
then shaped into cubes weighing 170 g each and
packaged in paper foil. The cheese was stored
at 4 = 0.5 °C and examined within the first 24 h
(Day 0) and then after 10, 20 and 30 days.

Compositional analysis

Moisture in the cheese was determined by
standard methods AOAC 926.08 [13]. The con-
tent of total nitrogen (7N) was determined by the
Kjeldahl method [14] with the assistance of the
distillation unit of the Kjeltec System 1026 appara-
tus (Tecator, Orebro, Sweden). Content of casein
nitrogen (CN), non-casein nitrogen (NCN) and
non-protein nitrogen (NPN) were determined ac-
cording to SVANBORG et al. [15]. Content of total
protein (7P) and whey protein (WP) were calcu-
lated according to the following equations:

TP = (TN — NPN) % 6.38 (1)
WP = (NCN — NPN) x 6.38 ()

where number 6.38 represents the factor indicated
for protein derived from milk.

Fat content and titratable acidity (expressed as
percentage of lactic acid) in the cheese were deter-
mined by standard methods ISO 1735 and AOAC
920.124, respectively [16, 17]. The pH value of the
examined cheeses was determined by standard
methods using a pH-meter CP-315 (Elmetron,
Zabrze, Poland), which was equipped with a com-
bined ESAgP-301W electrode (Eurosensor, Gli-
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wice, Poland), consisting of a glass half-cell and
a saturated chloro-silver half-cell [18].

Fat from milk and cheese was extracted
according to Rose-Gottlieb procedure following
the method ISO 14156 [19].

Determination of cholesterol

The cholesterol content was determined using
AOCS Official Methods Ch. 6-91 [20] by gas chro-
matography, after saponification with 1 mol-l'!
KOH in methanol for 18 h at room temperature
and triple extraction of the unsaponifiables with
hexane : fert-butyl methyl ether (MTBE) 1:1, v/v.
The solvent was evaporated under a stream of ni-
trogen. Dry residues were dissolved in 0.1 ml pyri-
dine and silylated with 0.4 ml of Sylon BTZ (Su-
pelco, Bellefonte, Pennsylvania, USA). Derivatives
of the sterols were separated on a gas chromato-
graph HP 6890 equipped with a DB-35MS capil-
lary column (25 m x 0.20 mm; with a stationary
phase film of 0.33 pm; J&W Scientific, Folsom,
California, USA). A sample was injected in split-
less mode. Column temperature was held at 100 °C
for 5 min, then programmed to rise to 250 °C at
25 °C-min-1, held for 1 min, then to rise to 290 °C
at 3 °C'min-!, and held for 20 min. The detector
temperature was set to 300 °C. Hydrogen was used
as a carrier gas at a flow rate of 1.5 ml'min-1. 5a-
Cholestane was used as the internal standard for
sterol quantification. Identification was based on
the retention data for compounds previously veri-
fied by mass spectrometry [21].

Determination of cholesterol oxidation products
COPs were determined according to the
methodology described by PRzZYGONSKI et al.
[22]. Isolated fats were esterified with 10% so-
dium methylate in MTBE (4:6, v/v) and choles-
terol together with its oxidation products, were
extracted with chloroform and then fractionated
on a SEP-PAK NH2 column (Waters, Milford,
Connecticut, USA). Chromatographic analysis of
silylated oxysterols was performed on a Hewlett-
Packard 6890 apparatus (Hewlett-Packard,
Palo Alto, California, USA). Separation was run
on a DB-5 capillary column (30 m x 0.25 mm,
with a stationary phase film of 0.25 um; J&W
Scientific), using a programmed temperature at
a rate of 25 °C'min-! from 60 °C to 270 °C, fol-
lowed by 2.5 °C-min-! until 290 °C was reached.
Helium was used as a carrier gas at a flow rate
of 1 cm3min'l. The injector and detector were
held at 300 °C and the split ratio at 1:40. 19-Hy-
droxycholesterol was used as an internal standard.
Oxysterols were identified using retention data for
compounds previously verified by mass spectro-

metry utilizing our library and published data [21].

Ferric reducing antioxidant power assay

Ferric reducing antioxidant power (FRAP)
evaluates the ability of the analysed substance
to reduce the complex of Fe(III)-2,4,6-tris(2-
pirydyl)-s-triazine (TPTZ) to the form of Fe(1I)-
TPTZ [23]. The intensity of the blue colour,
measured spectrophotometrically at 583 nm using
apparatus RayLeigh UV-1601 (Beijing Rayleigh
Analytical Instruments, Beijing, China) was
linearly correlated with the reducing agent con-
centration. Results were presented as millimoles
of Fe2+ per litre, based on a standard curve

y = 0.0001x + 0.0113; 2 = 0.9938 3)

where y is absorbance, x is standard (Fe II) or
evaluated sample concentration and 72 is coeffi-
cient of determination.

DPPH radical-scavenging assay

The ability of the antioxidant to scavenge
stable  1,1-diphenyl-2-picrylhydrazyl ~ (DPPH)
radicals was evaluated spectrophotometrically at
517 nm using RayLeigh UV-1601, in relation to
the radical-scavenging ability of the reference sub-
stance,  6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (Trolox) [24]. The absorbance
decrease is a result of the radical-scavenging abil-
ity of the substance. Results were presented as
millimoles of Trolox equivalents (TE) per kilo-
gram, based on a standard curve:

y = 83.8x;7% = 0.9635 (4)

where y is percentage of reduced DPPH radical,
x is standard (Trolox) or evaluated sample concen-
tration and 2 is coefficient of determination.

Statistical analysis

The obtained data (n = 7) were expressed as
mean values and the respective standard devia-
tions, and analysed by using repeated-measures
ANOVA. The correlation coefficient significance
tests were based on the assumption of normal dis-
tribution of the residual value of y variable and
an equal residual value variation for all values of
the x variable. In order to eliminate deviations
from Pearson’s distribution linearity, which could
cause an increase of the square sum of deviations
from the regression line, a scatter diagram analy-
sis was performed. Paired ¢-tests were used for the
calculations. For the verification of statistical hy-
potheses, a level of significance of o = 0.05 was
adopted. The statistical calculations were made
using Statistica data analysis software system, ver-
sion 10 (StatSoft, Tulsa, Oklahoma, USA).
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RESULTS AND DISCUSSION

The buttermilk used to produce the cheese
contained 0.4 % fat, 3.3 % protein and 3.8 % lac-
tose. Titratable acidity was at the level of 0.4 %.
WPC80 contained 78.8 % protein, 1.6 % lactose
and 1.2 % mineral salts. Titratable acidity, pH,
moisture, fat and fat in dry matter did not change
significantly with WPC usage in fresh white cheese
made from buttermilk with and without WPC.

An important result of the study was to de-
monstrate that it was possible to incorporate whey
proteins into buttermilk cheese (ChB). The inclu-
sion of WPC and CaClz (ChB-WPC) significantly
increased the total content of protein in the cheese
by 2.1 %, p < 0.05 (total protein content in the
ChB-WPC was 172.6 g'kgl) (Tab. 1). The ratio of
casein to whey protein in ChB was only 20.3, while
the ratio was 17.3 (p < 0.05) in ChB-WPC. Part of
the whey proteins integrated in casein could have
come from concentrate and the buttermilk itself.

The literature repeatedly emphasized the nutri-
tional and structure-forming role of whey proteins
[25-27] and the properties of buttermilk cheese
[28-30]. After being long considered a low-value
by-product, buttermilk is now widely used both as
the basic ingredient in beverages and certain types
of cheese, and as an ingredient of other foods. It
is characterized by a high emulsifying capacity, it

adds flavour and it provides certain functional and
technological properties due to the high phospho-
lipid content [31]. Buttermilk is higher in MFGM
protein and phospholipids than skim milk, which
may alter the functional properties of its WPC
[14]. In the dairy industry, various techniques were
developed for whey protein introduction [26].
Most of these are based on adding denatured and
aggregated whey proteins to cheese milk. What
may be problematic is to determine the size and
water-holding capacity of such aggregated whey
proteins [32]. Larger aggregates readily interfere
with the casein network and are poorly retained
in cheese curd. According to SAFFON et al. [32],
another issue associated with the incorporation
of aggregated proteins is related to their effect
on cheese moisture. Excessive cheese moisture is
a common defect that limits the amount of whey
protein that can be added to cheese milk. Whey
proteins have the ability to bind, particularly
with serum-phase k-casein after the dissociation
of k-casein from micelles [33]. YE et al. demon-
strated that B-LG and a-LA associated with the
MFGM by thiol-disulfide bonds in heated milk
[34, 35]. Co-denaturation of cheese whey and
buttermilk concentrates leads to the formation
of protein aggregates. Higher proportions of but-
termilk protein in the mixtures increased yields
and decreased the water-holding capacities of the

Tab. 1. Physico-chemical characteristics and antioxidant activity of fresh white cheese made from buttermilk.

Parameters

Moisture [g-kg]

Total nitrogen [g-kg]
Non-protein nitrogen [g-kg™']
Non-casein nitrogen [g-kg]
Total protein [g-kg ]

Casein [g-kg]

Whey protein [g-kg]

Total protein in dry matter [%]
Fat [g-kg™]

Fat in dry matter [%]
Titratable acidity [%)]

pH

Salt [g-kg™']

Cholesterol [g-kg-']

FRAP [mmol-I-1]

DPPH [mmol-kg-1]

Cheese without WPC Cheese with WPC
782.5+1.32 785.6+1.62
28.6+0.32 30.3+0.4P
3.1x0.72 3.2+0.52
0.2+0.72 4.5+0.92
169.1 £0.52 172.6 £0.3P
142.3+0.12 143.3+x0.42
7.0+x0.42 8.3+0.5b
77.82 80.5b
21.2+0.52 20.8+1.02
9.82 9.7a
1.6=+0.12 1.6+0.12
4.62+0.022 460+0.012
0.8+0.42 1.1+0.32
12.32+1.852 12.21 £1.322
0.223 +0.0102 0.687 +£0.007°
0.274 +£0.0422 0.334 +£0.032P

Values represent mean + standard deviation (n = 7). Different small letters in superscript in a row indicate statistically significant

differences at the level o = 0.05.

WPC - whey protein concentrate. Titratable acidity is expressed as percentage of lactic acid. FRAP — ferric reducing antioxidant
power expressed as millimoles of Fe2+; DPPH — antiradical power expressed as millimoles of Trolox equivalents.
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Tab. 2. Antioxidant activity of fresh white cheese made from buttermilk during storage.

Storage [d]

Cheese without WPC

Cheese with WPC

FRAP [mmol-1]

DPPH [mmol-kg1]

FRAP [mmol-I-1]

DPPH [mmol-kg1]

0
10
20
30

0.223+0.010P
0.239 +0.022P
0.189+0.0192
0.206 + 0.036"

0.274 +0.042P
0.216 +0.0092
0.209 +0.0282
0.186+0.0152

0.687 +0.007d
0.689+0.013d
0.414 £0.029¢
0.257 +0.017P

0.334 £0.032¢
0.290 +0.020°
0.285+0.015P
0.269 + 0.058b

Values represent mean =+ standard deviation (n = 7). Different small letters in superscript in columns indicate statistically sig-

nificant differences at the level oo = 0.05.

WPC — whey protein concentrate. FRAP — ferric reducing antioxidant power expressed as millimoles of Fe2+; DPPH — antiradical

power expressed as millimoles of Trolox equivalents.

aggregates. Preventing the formation of disulfide
bonds between denatured whey proteins increased
WHC of such aggregates [32].

The cholesterol content in ChB and ChB-WPC
cheese did not differ (12.32 g-kg'! and 12.21 g-kg'!
fat, p > 0.05). This was the condition for studying
the effect of the addition of WPC on its oxida-
tion. After considering the fat content in ChB and
ChB-WPC cheese, average cholesterol content
was 258 mgkgl. Cholesterol content was much
lower than indicated by FLETOURIS et al. [36] in
mozzarella (714 mgkg!), gouda (881 mgkgl),
feta (681 mg-kg!) or butter (2281 mg-kg!). Cho-
lesterol levels in dairy products depend, among
other factors, on fat content, heat treatment, milk
homogenization and type of lactic acid bacteria.
Milk contains approximately 120 mg of cholesterol
per kilogram [36]. According to KovAcs et al. [37],
low-fat dairy products have a larger share of cho-
lesterol in fat than high-fat ones, as the small fatty
beads, which accumulate cholesterol, have a rela-
tively large surface area.

On Day 0 and Day 10 of storage, the cheese
with WPC showed a three-fold higher (p < 0.05)
antioxidant activity (AFRAP = 0.464 mmol-l-1
and AFRAP = 0.450 mmol-ll, respectively) than
ChB cheese (Tab. 1, Tab. 2). After 30 days, FRAP
of WPC cheese decreased by 62.6 %, but only
by 7.6 % in the case of the cheese made from
buttermilk. However, after the same time, their
antioxidant activities did not differ significantly
(0.206 mmol-l'1 and 0.257 mmoll-1, respectively).
After production and during the entire storage
time, WPC cheese had a higher antiradical power
than the cheese made solely from buttermilk.
After storage, antiradical power was decreased in
WPC cheese (ADPPH = 32.1 %) as well as in ChB
(ADPPH = 19.5 %).

Antioxidant activity of whey proteins had a sig-
nificant impact on the resistance of cholesterol
to oxidation. WPC cheese contained 4.5-fold
(p < 0.05) more oxysterols, mainly 7a-OHC and

o-epoxyC, than the buttermilk cheese (Day 0)
(Tab. 3). When ChB-WPC cheese was stored
longer, the amount of oxysterols decreased by
80 %. After 30 days of storage, only 78-OHC
and B-epoxyC were found in ChB-WPC cheese
at a total level of 1.02 mgkg! (fat basis). ChB
buttermilk cheese, meanwhile, after the same
period of time, contained the following: 7a-OHC,
7B-OHC, B-epoxyC, and a-epoxyC at a total level
of 4.88 mg-kg! (fat basis). On Day 0 and Day 10,
WPC-free cheese contained 25-OHC and 7-ketoC.
A strong correlation was observed between the
content of oxysterols in ChB-WPC cheese and
FRAP (r = 0.793) and DPPH (r = 0.990). ChB
cheese without whey protein had much smaller
correlation coefficients of 0.215 and 0.789 for
FRAP and DPPH, respectively. These coefficient
values indicated that the quantity of oxysterols
could not be compared with the size of the simul-
taneous antioxidant activity of whey proteins. The
samples with WPC addition were characterized
by higher FRAP values than the control cheese
made from buttermilk. This higher activity was
probably due to the presence of peptides in WPC.
DPPH radical-scavenging activity was also higher
in WPC-enriched cheese, but not that markedly as
in the case of the FRAP assay results. Thus, the re-
sults showed a significant increase of antioxidant
potential of samples with WPC addition over the
30 days of storage (Tab. 2). The expected antioxi-
dant effect occured only in the subsequent period
of storage. It seems that the method involving ad-
dition of CaCl, was effective in stabilizing cho-
lesterol against oxidation. The addition of whey
protein concentrate was also justified, although
a better solution might be to introduce serum pro-
tein concentrate (SPC). SPC obtained by micro-
filtration from raw milk was referred to as native
whey protein, milk microfiltrate protein, virgin
whey protein or milk serum protein [38, 39]. Com-
parison of 80% WPC and SPC with commercial
products showed higher levels of lipid oxidation in

105



Bierzuriska, P. et al.

J. Food Nutr. Res., Vol. 56, 2017, pp. 101-108

Tab. 3. Levels of oxysterols in fresh white cheese made from buttermilk.

Storage [d] 7(x-OH_C 7|3-OH_C ﬁ-epox;_/C oc-epoxy_/C trioIC_ 25-0Hf3 7-keto§3 z COP_S
[mg-kg] [mg-kg] [mg-kg] [mgkg']l |[mgkg'l| [mgkg'] [mgkg'] | [mgkg']
Cheese without WPC
0 0.12+0.012 | 0.29+0.01b | 0.28+0.012 | 0.04+0.012 nd 0.35+0.022 | 0.09 +0.032 1.17
10 0.13+0.022 | 0.10+0.012 | 1.18+0.04¢ | 1.56+0.11d nd 0.37+0.012 | 0.91+0.01¢ 4.25
20 nd 1.28 +0.02d nd 0.72+0.070 nd nd nd 2.00
30 0.92+0.07b | 1.25+0.08d | 1.28 +0.04¢ | 1.43+0.01d nd nd nd 4.88
Cheese with WPC
0 1.21+0.07¢ | 0.74+=0.08¢ | 0.90+0.04¢ | 1.01+0.01¢ nd 0.76+0.01b | 0.53+0.01b 5.15
10 nd 1.90+0.02¢ | 0.59+0.01P nd nd nd nd 2.49
20 nd 1.11+£0.08d nd 0.47 +0.03b nd nd nd 1.58
30 nd 0.62+0.05¢ | 0.40+0.052 nd nd nd nd 1.02

Values represent mean = standard deviation (n = 7). Different small letters in superscript in columns indicate statistically sig-

nificant differences at the level oo = 0.05.

WPC - whey protein concentrate. 7a-OHC - 7oa-hydroxycholesterol; 78-OHC - 7p-hydroxycholesterol; p-epoxyC -
5.6B-epoxycholesterol; a-epoxyC — 5.6a-epoxycholesterol; triolC — cholestanetriol; 25-OHC — 25-hydroxycholesterol; 7-ketoC —
7-ketocholesterol; © COPs — sum of cholesterol oxidation products. nd — not detected.

commercial WPC products [40]. SPC has unique
functionalities, such as excellent solubility, gelling
after heat treatment and foaming properties [41].

Cholesterol undergoes autoxidation in contact
with air, the degree of formation of cholesterol
oxidation products being mainly dependent on
storage conditions [12]. SANDER et al. [42] showed
that cheese spread, cottage cheese, evaporated
milk, and whole milk did not contain any of
the COPs. In cream cheese, only a-epoxyC and
7-ketoC were detected at 9 mgkg-! and 3 mg-kg1,
respectively. In cheese spread, COPs were detect-
ed at 7 mg-kg! (fat basis) [43]. According to those
authors, the probability of COPs being formed in
fresh milk or fresh dairy products is very low since
the medium is liquid and its oxygen content is
low. Furthermore, milk has a low level of polyun-
saturated fatty acids and a low level of pro-oxidant
trace elements such as iron or copper.

CONCLUSIONS

This study showed that whey proteins can
be introduced to cheese made from buttermilk.
The ratio casein:whey protein in the buttermilk
cheese containing the whey protein was smaller
than in the case of cheese made from buttermilk
only. The technological procedures applied could
contribute to the reduction of oxycholesterol and
the presence of bioactive compounds from whey
protein in buttermilk cheese. The results demon-
strated a significant increase in the antioxidant
potential of samples with the added whey protein,
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which persisted during 30 days of storage. The ad-
dition of whey protein to cheese reduced the for-
mation of 7a-OHC, 25-OHC and 7-ketoC during
storage. The formation of B-epoxyC and a-epoxyC
was reduced in the buttermilk cheese with added
whey protein. At the end of the storage period, to-
tal content of cholesterol oxidation products was
lower than in the control cheese. No triolC, which
is the most toxic form of oxycholesterol, was found
in the cheeses. This cheese, enriched with whey
protein, can broaden the range of innovative and
health-promoting dairy products.

REFERENCES

1. Madureira, A. R. — Soares, J. C. — Amorim, M. —
Tavares, T. — Gomes, A. M. — Pintado, M. M. -
Malcata, F. X.: Bioactivity of probiotic whey cheese:
characterization of the content of peptides and
organic acids. Journal of the Science of Food and
Agriculture, 93, 2013, pp. 1458-1465. DOI: http://
dx.doi.org/10.1002/jsfa.5915.

2. Erkaya, T. — Sengul, M.: Bioactivity of water soluble
extracts and some characteristics of white cheese
during the ripening period as effected by packag-
ing type and probiotic adjunct cultures. Journal of
Dairy Research, 82, 2015, pp. 47-55. DOI: 10.1017/
$50022029914000703.

3, Ferreiro, T. — Martinez, S. — Gayoso, L. — Rodriguez-
Otero, J. L.: Evolution of phospholipid contents dur-
ing the production of quark cheese from buttermilk.
Journal of Dairy Science, 99, 2016, pp. 4154—4159.
DOI: 10.3168/jds.2016-10861.

4. O’Connell, J. E. - Fox, P. E: Heat stability of
buttermilk. Journal of Dairy Science, 83, 2000,


http://dx.doi.org/10.1002/jsfa.5915
http://dx.doi.org/10.1017/S0022029914000703
http://dx.doi.org/10.1017/S0022029914000703
http://dx.doi.org/10.3168/jds.2016-10861


Antioxidant activity of whey protein to improve cholesterol oxidation stability in cheese from buttermilk

10.

11.

12.

13.

14.

15.

16.

pp.  1728-1732.
0302(00)75042-9.

DOI:  10.3168/jds.S0022-

. Govindasamy-Lucey, S. — Lin, T. — Jaeggi, J. J. —

Martinelli, C. J. — Johnson, M. E. — Lucey, J. A.:
Effect of type of concentrated sweet cream but-
termilk on the manufacture, yield, and functionality
of pizza cheese. Journal of Dairy Science, 90, 2007,
pp. 2675-2688. DOI: 10.3168/jds.2006-681.

. Pena-Ramos, E. A. — Xiong, Y. L.: Antioxidative

activity of whey protein hydrolysates in a lipo-
somal system. Journal of Dairy Science, 84,
2001, pp. 2577-2583. DOI: 10.3168/jds.S0022-
0302(01)74711-X.

. Smithers, G. W.: Whey and whey proteins—from ‘gut-

ter-to-gold’. International Dairy Journal, 18, 2008,
pp- 695-704. DOI: 10.1016/j.idairyj.2008.03.008.

. Liu, G. — Zhong, Q.: Thermal aggregation properties

of whey protein glycated with various saccharides.
Food Hydrocolloids, 32, 2013, pp. 87-96. DOI:
10.1016/j.foodhyd.2012.12.008.

. Liu, S. C. - Yang, D. J. - Jin, S. Y. - Hsu, C. H. -

Chen, S. L.: Kinetics of color development, pH
decreasing, and antioxidative activity reduction of
Maillard reaction in galactose/glycine model sys-
tems. Food Chemistry, 108, 2008, pp. 533-541. DOI:
10.1016/j.foodchem.2007.11.006.

Power, O. - Jakeman, P. — FitzGerald, R. J.
Antioxidative peptides: enzymatic production, in
vitro and in vivo antioxidant activity and potential
applications of milk-derived antioxidative peptides.
Amino Acids, 44, 2013, pp. 797-820. DOI: 10.1007/
S00726-012-1393-9.

Angulo, A. J. — Romera, J. M. — Ramirez, M. —
Gil, A.: Determination of cholesterol oxides in
dairy products. Effect of storage conditions. Journal
of Agricultural and Food Chemistry, 45, 1997,
pp. 4318-4323. DOI: 10.1021/jf970431.

Hur, S. J. — Park, G. B. - Joo, S. T.: Formation of
cholesterol oxidation products (COPs) in animal
products. Food Control, 18, 2007, pp. 939-947. DOI:
10.1016/j.foodcont.2006.05.008.

AOAC No. 33.7.03 Official Method 926.08. Loss on
drying (moisture) in cheese. Method I. Final Action.
In: Cunniff, P. (Eds.): Official methods of analysis
of AOAC International. 16th edition. Arlington :
AOAC International, 1995. ISBN: 0935584544.

ISO 8968-1:2014. Milk and milk products —
Determination of nitrogen content — Part 1: Kjeldahl
principle and crude protein calculation. Geneva :
International Organization for Standardization,
2014.

Svanborg, S. —Johansen, A. G.— Abrahamsen, R. K. -
Skeie, S. B.: The composition and functional proper-
ties of whey protein concentrates produced from
buttermilk are comparable with those of whey pro-
tein concentrates produced from skimmed milk.
Journal of Dairy Science, 98, 2015, pp. 5829-5840.
DOI: 10.3168/jds.2014-9039.

ISO 1735:2004. Cheese and processed cheese prod-
ucts — Determination of fat content — Gravimetric
method (Reference method). Geneva : International
Organization for Standardization, 2004.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

AOAC No 33.7.14 Official Method 920.124. Acidity
of cheese. Titrimetric method. Final Action. In:
Cunniff P. (Eds.): Official methods of analysis of
AOAC International. 16th edition. Arlington :
AOAC International, 1995. ISBN: 0-935584420.
AOAC No 42.1.04. Official Method 981.12. pH of
acidified foods. First Action 1981. Final Action 1982.
In: Cunniff P. (Eds.): Official methods of analysis
of AOAC International. 16th edition. Arlington :
AOAC International, 1995. ISBN: 0935584773.

ISO 14156:2001. Milk and milk products -
Extraction methods for lipids and liposoluble com-
pounds. Geneva : International Organization for
Standardization, 2001.

AOCS Official Method Ch. 6-91. Determination of
the composition of the sterol fraction of animal and
vegetable oils and fats by TLC and capillary GLC,
First Action 2009. In: Firestone, D. (Eds.): Official
methods and recommended practices of the AOCS.
6th edition. Urbana : The American Oil Chemists’
Society, 2011. ISBN: 9781893997745.

Pizzoferrato, L. — Nicoli, S. — Lintas, C.: GC-MS
characterization and quantification of sterols and
cholesterol oxidation products. Chromatographia,
35, 1993, pp. 269-274. DOI: 10.1007/BF02277508.
Przygoniski, K. — Jelen, H. — Wasowicz, E.:
Determination of  cholesterol  oxidation
products in milk powder and infant formulas
by gas chromatography and mass spectrometry.
Nahrung, 44, 2000, pp. 122-125. DOI: 10.1002/
(SICI)1521-3803(20000301)44:2<122::AID-
FOOD122>3.0.CO;2-R.

Benzie, I. E. E - Strain, J. J.: The ferric reducing abil-
ity of plasma (FRAO) as a measure of “antioxidant
power”: The FRAP assay. Analytical Biochemistry,
239, 1996, pp. 70-76. DOI: 10.1006/abio.1996.0292.
Sanchez-Moreno, C. — Larrauri, J. A. — Saura-
Calixto, E:: A procedure to measure the antiradical
efficiency of polyphenols. Journal of the Science of
Food and Agriculture, 76, 1998, pp. 270-276. DOI:
10.1002/(SICT)1097-0010(199802)76:2<270:: AID-
JSFA945>3.0.CO;2-9.

Hinrichs, J.: Incorporation of whey proteins in
cheese. International of Dairy Journal, 77, 2001,
pp. 495-503. DOI: 10.1016/S0958-6946(01)00071-1.
Schier, G. — Paar, S.: Integration von partiku-
lierten Molkenproteinen (PWPC) in Weich und
Schnittkése: Teil 2. (Integration of particulate whey
protein (PWPC) in soft and semi-hard cheese:
Part 2.) Deutsche Milchwirtschaft, 23, 2003, pp. 5-8.
ISSN: 0012-0480. In German.

Sotowiej, B. — Cheung, I. W. Y. — Li-Chan, E. C. Y.
Texture, rtheology and meltability of processed cheese
analogues prepared using rennet or acid casein
with or without added whey proteins. International
Dairy Journal, 37, 2014, pp. 87-94. DOI: 10.1016/j.
idairyj.2014.03.003.

Raval, D. M. — Mistry, V. V.: Application of ultra-
filtered sweet buttermilk in the manufacture of
reduced fat process cheese. Journal of Dairy Science,
82, 1999, pp. 2334-2343. DOI: 10.3168/jds.S0022-
0302(99)75483-4.

107


http://dx.doi.org/10.3168/jds.S0022-0302(00)75042-9
http://dx.doi.org/10.3168/jds.S0022-0302(00)75042-9
http://dx.doi.org/10.3168/jds.2006-681
http://dx.doi.org/10.3168/jds.S0022-0302(01)74711-X
http://dx.doi.org/10.3168/jds.S0022-0302(01)74711-X
http://dx.doi.org/10.1016/j.idairyj.2008.03.008
http://dx.doi.org/10.1016/j.foodhyd.2012.12.008
http://dx.doi.org/10.1016/j.foodchem.2007.11.006
http://dx.doi.org/10.1007/S00726-012-1393-9
http://dx.doi.org/10.1007/S00726-012-1393-9
http://dx.doi.org/10.1021/jf970431
http://dx.doi.org/10.1016/j.foodcont.2006.05.008
http://dx.doi.org/10.3168/jds.2014-9039
http://dx.doi.org/10.1007/BF02277508
http://dx.doi.org/10.1002/(SICI)1521-3803(20000301)44:2<122::AID-FOOD122>3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1521-3803(20000301)44:2<122::AID-FOOD122>3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1521-3803(20000301)44:2<122::AID-FOOD122>3.0.CO;2-R
http://dx.doi.org/10.1006/abio.1996.0292
http://dx.doi.org/10.1002/(SICI)1097-0010(199802)76:2<270::AID-JSFA945>3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1097-0010(199802)76:2<270::AID-JSFA945>3.0.CO;2-9
http://dx.doi.org/10.1016/S0958-6946(01)00071-1
http://dx.doi.org/10.1016/j.idairyj.2014.03.003
http://dx.doi.org/10.1016/j.idairyj.2014.03.003
http://dx.doi.org/10.3168/jds.S0022-0302(99)75483-4
http://dx.doi.org/10.3168/jds.S0022-0302(99)75483-4

Bie

rzuniska, P, et al.

J. Food Nutr. Res., Vol. 56, 2017, pp. 101-108

29.

30.

31.

32.

33.

34.

35.

36.

37.

108

Govindasamy-Lucey, S. — Lin, T. — Jaeggi, J. J. —
Johnson, M. E. — Lucey, J. A.: Influence of con-
densed sweet cream buttermilk on the manufacture,
yield, and functionality of pizza cheese. Journal of
Dairy Science, 89, 2006, pp. 454-467. DOI: 10.3168/
jds.S0022-0302(06)72109-9.

Morin, P. — Pouliot, Y. — Britten, M.: Effect of
buttermilk made from creams with different heat
treatment histories on properties of rennet gels and
model cheeses. Journal of Dairy Science, 91, 2008,
pp. 871-882. DOI: 10.3168/jds.2007-0658.
Contarini, G. — Povolo, M.: Phospholipids in milk fat:
Composition, biological and technological signifi-
cance, and analytical strategies. International Journal
of Molecular Sciences, 14, 2013, pp. 2808-2831.
DOI: 10.3390/ijms14022808.

Saffon, M. — Britten, M. — Pouliot, Y.: Thermal aggre-
gation of whey proteins in the presence of buttermilk
concentrate. Journal of Food Engineering, 103, 2011,
pp. 244-250. DOI: 10.1016/j.jfoodeng.2010.10.020.
Anema, S. G.: On heating milk, the dissociation of
k-casein from the casein micelles can precede inter-
actions with the denatured whey proteins. Journal
of Dairy Research, 75, 2008, pp. 415-421. DOI:
10.1017/S0022029908003555.

Ye, A. — Singh, H. — Oldfield, D. J. — Anema, S.:
Kinetics of heat-induced association of
B-lactoglobulin and a-lactalbumin with milk fat
globule membrane in whole milk. International
Dairy Journal, 74, 2004, pp. 389-398. DOI: 10.1016/;.
idairyj.2003.09.004.

Ye, A. — Singh, H. — Taylor, M. W. — Anema, S.:
Interactions of whey proteins with milk fat globule
membrane proteins during heat treatment of whole
milk. Lait, 84, 2004, pp. 269-283. DOI: 10.1051/
lait:2004004.

Fletouris, D. J. — Botsoglou, N. A. — Psomas, I. E. —
Mantis, A. I.: Rapid determination of cholesterol
in milk and milk products by direct saponification
and capillary gas chromatography. Journal of Dairy
Science, 81, 1998, pp. 2833-2840. DOI: 10.3168/jds.
S0022-0302(98)75842-4.

Kovacs, A. — Dulicsek, R. — Varga, L. — Szigeti, J. —

38.

39.

40.

41.

42.

43.

Herpai, Z.: Relationship between cholesterol and
fat contents of commercial dairy products. Acta
Alimentaria, 33, 2004, pp. 387-395. DOI: 10.1556/
AAlim.33.2004.4.9.

Nelson, B. K. — Barbano, D. M.: A microfiltration
process to maximize removal of serum proteins from
skim milk before cheese making. Journal of Dairy
Science, 88, 2005, pp. 1891-1900. DOI: 10.3168/jds.
S0022-0302(05)72865-4.

Luck, P. J. — Vardhanabhuti, B. — Yong, Y. H. -
Laundon, T. — Barbano, D. M. — Foegeding, E. A.:
Comparison of functional properties of 34% and 80%
whey protein and milk serum protein concentrates.
Journal of Dairy Science, 96, 2013, pp. 5522-5531.
DOI: 10.3168/jds.2013-6617.

Evans, J. — Zulewska, J. — Newbold, M. -
Drake, M. A. — Barbano, D. M.: Comparison of com-
position and sensory properties of 80% whey pro-
tein and milk serum protein concentrates. Journal
of Dairy Science, 93, 2010, pp. 1824-1843. DOI:
10.3168/jds.2009-2723.

Heino, A. T. - Uusi-Rauva, J. O. -
Rantamaki, P. R. — Tossavainen, O.: Functional
properties of native and cheese whey protein
concentrate powders. International Journal of
Dairy Technology, 60, 2007, pp. 277-285. DOI:
10.1111/1.1471-0307.2007.00350.x.

Sander, B. D. - Addis, P. B.—Park, S. W.—Smith, D. E.:
Quantification of cholesterol oxidation products
in a variety of foods. Journal of Food Protection,
52, 1989, pp. 109-114. DOI: 10.4315/0362-028X-
52.2.109.

Schmarr, H. G. — Gross, H. B. — Shibamoto, T:
Analysis of polar cholesterol oxidation products:
evaluation of a new method involving transesterifi-
cation, solid phase extraction, and gas chromatogra-
phy. Journal of Agricultural and Food Chemistry, 44,
1996, pp. 512-517. DOI: 10.1021/jf950193n.

Received 20 November 2016; 1st revised 31 January 2017;
2nd revised 6 February 2017; accepted 15 February 2017;
published online 13 March 2017.


http://dx.doi.org/10.3168/jds.S0022-0302(06)72109-9
http://dx.doi.org/10.3168/jds.S0022-0302(06)72109-9
http://dx.doi.org/10.3168/jds.2007-0658
http://dx.doi.org/10.3390/ijms14022808
http://dx.doi.org/10.1016/j.jfoodeng.2010.10.020
http://dx.doi.org/10.1017/S0022029908003555
http://dx.doi.org/10.1016/j.idairyj.2003.09.004
http://dx.doi.org/10.1016/j.idairyj.2003.09.004
http://dx.doi.org/10.1051/lait:2004004
http://dx.doi.org/10.1051/lait:2004004
http://dx.doi.org/10.3168/jds.S0022-0302(98)75842-4
http://dx.doi.org/10.3168/jds.S0022-0302(98)75842-4
http://dx.doi.org/10.1556/AAlim.33.2004.4.9
http://dx.doi.org/10.1556/AAlim.33.2004.4.9
http://dx.doi.org/10.3168/jds.S0022-0302(05)72865-4
http://dx.doi.org/10.3168/jds.S0022-0302(05)72865-4
http://dx.doi.org/10.3168/jds.2013-6617
http://dx.doi.org/10.3168/jds.2009-2723
http://dx.doi.org/10.1111/j.1471-0307.2007.00350.x
http://dx.doi.org/10.4315/0362-028X-52.2.109
http://dx.doi.org/10.4315/0362-028X-52.2.109
http://dx.doi.org/10.1021/jf950193n

	Evaluation of antioxidant activity of whey protein to improve cholesteroloxidation activity
	Authors
	Summary
	Materials and methods 
	Results and discussion 
	Conclusions
	References


