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The objective of this work was to evaluate the effect of four commercial whey protein concentrates
(WPCs) on the sensory and selected physical properties (colour, viscosity) in sweet solutions. WPCs
exhibited significant differences in colour properties, including the L, a and b-values (P < 0.001).
Triangle tests, with 25 untrained panellists, revealed significant brand differences. Descriptive
analysis, with eight trained judges, corresponded to instrumental analysis with differences in opac-
ity (P < 0.05) and colour (P < 0.001), but no differences on odour/flavour despite minor differ-
ences in composition. The lack of effect on odour/flavour may not be translated to more complex
matrices such as WPC-fortified dairy beverages.
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INTRODUCTION

Whey and whey components (concentrates and
isolates) have been incorporated into a variety of
foods because of their recognised exceptional
nutritional, physiological and functional charac-
teristics. Whey powders include sweet whey,
acid whey, whey protein concentrate (WPC) and
whey protein isolate (Evans et al. 2010). WPCs
can have different protein concentrations: 34%,
50% or 80% w/w protein (Russell et al. 2006).
Whey proteins have an outstanding biological
value, are an important source of essential amino
acids and contribute to the diet by providing sul-
phur-containing amino acids (methionine, cyste-
ine) that have an antioxidant effect (Smithers
2008). In addition to the two major whey pro-
teins, a-lactalbumin and b-lactoglobulin, Smi-
thers (2008) stated that ‘many potent proteins
present in the whey and play an important role
in the satiety, weight management, physical per-
formance and prevention of muscular atrophy’.
The combination of these proteins and minerals
present in whey can help in limiting lipid depos-
its and promoting lean body mass, and conse-
quently, WPC 80% is the protein of choice for
athletes and body builders (Ha and Zemel 2003).

Whey protein concentrates functional proper-
ties range from foaming and aeration (Richert
1979), emulsification and fat binding (Ensor
et al. 1987; Surh et al. 2006), gelation capacity
(Hoffmann and Van Mil 1999), heat stability
(De Wit 1990) and solubility (De Wit 1990;
Patel and Kilara 1990). Whey proteins can
enhance the flavours of some products such as
the spiciness in meat luncheons and sausages
(Ensor et al. 1987). However, objectionable fla-
vours were reported in some products with whey
proteins, and other studies established how whey
proteins produced off-flavours upon changes of
some factors, such as time and temperature
(Morr and Ha 1991; Carunchia Whetstine et al.
2003; Beecher et al. 2008; Mortenson et al.
2008; Evans et al. 2010). Previous work
reported the detection of cardboard flavours in
whey proteins as the most common off-flavour
(Whitson et al. 2010). Previous studies have
assessed the sensory properties of WPC (Carun-
chia Whetstine et al. 2003, 2005; Russell et al.
2006; Drake et al. 2007; Mortenson et al. 2008)
with various sensory descriptors obtained.
Whey protein concentrates are currently used

as fat mimetics in reduced-fat foods, including
soups and desserts, especially low-fat ones and
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in several bakery products (Asghar et al. 2009). Addition-
ally, WPCs are used as binding agents instead of soy pro-
teins in preparing luncheon meats, meat pastes and sausages
to prevent any fat losses throughout cooking (Ensor et al.
1987). WPCs are also being used as edible coatings to pre-
serve the colour of fresh fruits such as apples by retarding
their enzymatic browning (Perez-Gago et al. 2006). More-
over, WPCs can be used in a variety of products that are
low in protein and contribute only very small amounts of
protein to the diet such as carbonated beverages, fruit jams,
fruit juices and soft drinks. Some research highlighted the
effect of replacement of existing protein ingredients avail-
able in the market by WPCs as in the case for fortified bev-
erages (Zall 1984; Morr and Ha 1991; Drake 2006; Beecher
et al. 2008).
Although whey proteins have significant nutritional and

functional properties, the flavour they impart limits their use
in certain food products and beverages applications. A
WPC-enriched beverage has to be evaluated for all of its
sensory properties prior to use in a final product formula-
tion. The objective of this work was to evaluate the effect
of four commercial whey protein concentrates (WPCs) on
the sensory and selected physical properties (colour, viscos-
ity) in sweet solutions and, to a lesser extent, assess the
appropriateness of one of the brands for later inclusion in a
dairy beverage.

MATERIALS AND METHODS

Formulations
Five per cent (w/w) sucrose solutions were fortified with
3% (w/w) WPC 80 obtained from four different commercial
manufacturers. The proximate nominal composition of all
WPC samples from the different brands is summarised in
Table 1. The manufacturers’ identities were kept anonymous
throughout this paper for confidentiality purposes and to
avoid any liability or any potential conflict of interest.

Viscosity
The viscosity of four different types of WPC sweet solu-
tions was measured using a Brookfield programmable DV-II
viscometer (Brookfield Engineering Laboratories, Middle-
boro, MA, USA) using spindle size number 3 at an RPM of
30. Recordings were made in triplicate and measured in
centipoise (cP).

Colour
The colour of the four different WPC sweet solutions was
recorded in triplicate by a Minolta Chroma Meter (CR-300;
Minolta, Mahwah, NJ, USA), which is a compact tristimu-
lus colour analyzer recording the parameters L, a and b. L
is the lightness variable, and a & b are the chromaticity
coordinates for green/red and blue/yellow, respectively.

Sensory evaluation

Difference test
A series of three triangle tests were conducted to determine
whether a significant difference existed between sweet whey
solutions produced using the different brands of WPC. In
each triangle test, panellists were asked to identify the odd/
different sample. A total 25 panellists were recruited from
the California Polytechnic State University, San Luis Obispo
(Cal Poly) campus, based on their willingness to taste and
evaluate the sweet WPC solutions. The exclusion criterion
was based on the history of any milk allergies. No training
was needed for this test. However, the panellists were
probed for any possible questions they had after reading the
instructions of the test. Three triangle tests were conducted
to compare brands 1–3. Brand 4 was not included in the dif-
ference tests because it had shown obvious differences from
the other brands in informal taste tests. The samples were
coded with three-digit random numbers, and the order was
counterbalanced among all panellists and among triangle
tests as indicated by MacFie et al. (1989).

Descriptive analysis
Eight subjects from Cal Poly staff and students (age
range = 18–50) were recruited based on their willingness to
taste and evaluate sweet WPC solutions. An exclusion crite-
rion for the subjects was based on any allergy history to milk
or any dairy ingredient. The descriptive analysis test was
conducted in the sensory evaluation booths at the Dairy
Products Technology Center building (Cal Poly). Panellists
were first trained for three (1 h) sessions on appearance,
odour, texture and aftertaste attributes. The attributes were
rated on a 15-cm line scale. In the training sessions, panel-
lists created a list of potential attributes, defined them,
decided on the anchor words that apply to the scale of each
attribute and decided on the reference standards that were
used as ‘indicators’ of the quality of the specific odour, fla-
vour, etc. In both the training and evaluation sessions, the

Table 1 The proximate nominal composition (% w/w) of the four
different brands of whey protein concentrates

Chemical variable

Brands1

B1 B2 B3 B4

Protein2 80.3 80.0 82.2 76.3
Carbohydrate 7.0 5.0 7.0 9.8
Fat 6.2 5.0 3.0 5.5
Moisture 3.7 4.0 4.8 5.5
Ash 2.8 3.0 3.0 4.8
1Whey protein concentrates (WPC) of different brands: brands B1–

B4.
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samples were assigned 3-digit random numbers. The samples
were assessed in triplicate with all samples served within
each replicate. The order of presentation of the samples for
the descriptive was counterbalanced based on the design for
four samples, as indicated by MacFie et al. (1989). The pan-
ellists generated 16 descriptors, along with their reference
standards for the sweet WPC solutions (Table 2).

Statistical analysis
The experiment was designed primarily to determine the
effect of whey protein concentrates’ fortification on the
sweet solutions and the difference among brands. The vis-
cosity and colour (L, a & b-values) were analysed indepen-
dently by SAS software (SAS Institute, Cary, NC, USA;
version 9.1.3, 2003). Repeated-measures ANOVA and Tukey’s
test were used to compare differences among the mean val-
ues in the descriptive test. The general linear model (PROC
GLM) was applied. For the consumer triangle test, the num-
ber of correct responses was determined and analysed
according to Lawless and Heymann (2010).

RESULTS AND DISCUSSION

Formulations
It is clear from Table 1 that the protein content was consis-
tent among the different brands, with one exception for B4
which had a lower protein content. On the other hand, B4
had a higher carbohydrate content. B1 was higher in fat
content compared with other brands, while B3 was the

lowest. B4 was also the highest in terms of moisture and
ash contents.

Colour and viscosity
The results of the analyses of variance for colour (L, a and
b-values), viscosity and their means are summarised in
Table 3. All the colour parameters of the whey protein con-
centrates differed significantly among the brands. On the
other hand, there was no significant difference in viscosity
between the different brands. Brand 1 was different from all
other brands in all its colour properties: L, a and b-values,
whereas brands 2 and 3 were not significantly different on
the green/redness, a-value parameter. Brand 4 had the low-
est a-value, which indicated that it had less of a shade of
green than the other brands. Two previous studies by Qui-
nones et al. (1997, 1998), that aimed at examining the influ-
ence of protein standardisation by ultrafiltration on the
viscosity, colour and sensory properties of skim and 1%
milk (w/w), had shown lower a-values, higher L and b-val-
ues with a higher fat content. Skim milk was more green
(a-value), more yellow (b-value) and more white (L-value)
than the 1% milk at a standard protein content. Similar
trends were obtained between the 2% and 3.3% (w/w) fat
milks. This probably explains the significantly lower a-value
for B4 which was along with B1 higher in fat content. It is
important to note that although the two above studies had
found a decrease in green colour with a higher protein con-
tent, the differences noted in this work, that is 76.3% w/w
for B4 vs 82.2% w/w for B3, are much smaller percentage

Table 2 Sensory attributes generated by the panellists, along with their definition and reference standards

Sensory attribute Definition Standards

Colour Colour ranging from light ivory to pale yellow Whipped cream1 & light butter
Opaque Absence of translucence Whipping cream (opaque)
Homogenous The degree to which colour of sample is uniform or homogenous
Sweet aroma Odour of vanilla milk Vanilla milk2

Cardboard odour Odour of wet cardboard Goat milk3

Cooked odour Odour of cooked milk Cooked milk
Cheese odour Odour of mozzarella cheese Mozzarella cheese
Pasta/dough odour Odour of biscuit dough Biscuit dough
Grain odour Grain odour Oatmeal4

Sweet Taste elicited by sugar
Cardboard flavour Flavour of wet cardboard Goat milk
Sour Taste elicited by fermented milk Kefir
Viscous Resistance to flow of liquid in mouth
Astringent Feeling of dryness and shrinking or puckering of tongue, especially the tip Cold tea
Buttery aftertaste Flavour of butter
Astringent aftertaste Shrinking or puckering and/or dryness of the tongue and palate Cold tea
1Cream of wheat original (Parsippany, NY).
2Three drops of vanilla in 30 mL milk (non-fat).
3Goat milk reconstituted 3:1: Meyenberg evaporated goat milk vitamin D (Turlock, CA, USA).
4Quaker instant oatmeal (Barrington, IL, USA).
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wise compared with the above studies where the milk con-
tent varied between 1 and 6% (in increments of 1%). The
higher lactose content of B4 may have also played a role on
the colour of the product. In addition, the blue/yellow chro-
maticity or b-value was higher for B1 than the other brands,
indicating more of a yellow shade, which is consistent with
its higher fat content, and was followed by B4, B3 then B2.
Again here, the protein content differences were probably
too small to have a major effect on the b-values. B4 had the
highest L-value, followed by B2, B3 then B1. The L-value
results could not be explained based on the fat and protein
differences, especially given that B1, which was highest in
fat content had the lowest L-value, that is, the least white,
and this outcome is probably attributed to variables that are
different from the ones discussed in the studies above. The
three colour parameters are indicators of how the eye per-
ceives the colour and the light emitted by a product. This
indicated the possibility that these four different brands of
proteins would be perceived by an individual as potentially
having distinct colours.

Sensory evaluation

Difference test
The results of the three difference tests are illustrated in
Figure 1. The number of panellists who were able to detect
the difference in each of the three triangle tests was higher
than the minimum required, indicating significant differ-
ences between each of the three brands. Brand 4 was not
included in the triangle tests because its difference from the
other brands was obvious in informal taste tests. So, if a
WPC was to be employed in developing protein-fortified
dairy beverages, any production company has to take these
differences into account, especially when shifting to other
brands in product development projects.

Descriptive analysis
WPCs have been characterised in the literature as having
metallic, sweet, salty, sour, bitter, umami, soapy, cardboard,

diacetyl, serumy, cabbage and potato/brothy flavours. They
were also described as having a musty/soil-like, caramel,
oxidised cooked, oxidised aftertaste, stale reconstituted dry
milk, sulphur, cooked, butterfat, astringency, pungency
(Carunchia Whetstine et al. 2003, 2005; Russell et al. 2006;
Drake et al. 2007; Mortenson et al. 2008). The judges of
descriptive analysis generated similar attributes, as seen in
Table 2 earlier. There were a few attributes that were not
detected by the panellists in this work such as metallic,
salty, umami, soapy, etc. This might be due to composi-
tional differences, which are usually influenced by several
factors, such as the type and the concentration of bacterial
starter cultures used, removal of residual lipids from the
whey, handling, milk source, cheese variety, storage of
whey, processing of the cheese curd before whey drainage.
All these parameters could lead to the variation of flavours
between different whey samples and the formation of
unpleasant flavours (Carunchia Whetstine et al. 2003).
Table 4 shows the effect of the brand, panellist, replicate

and their interactions on the descriptive ratings. There were
no major inconsistencies in the panellists’ ratings, with no
significance in the replicate effect and only four significant
panellist by brand interactions, these were for cheese odour
(P < 0.01), pasta/dough odour, grain odour and sweet

Table 3 Significance of the effects (F-values) of the four different brands on the physical properties of whey protein concentrate samples and
their least square means

Physical variables

Effects1 Brands1

Brand
(df = 3)

Replicate
(df = 2) B1 B2 B3 B4

Colour (a) 452*** 0.18 �2.11b �1.67a �1.73a �2.67c

Colour (b) 7321*** 7.72* �0.72a �3.24d �2.81c �1.79b

Colour (L) 4795*** 0.13 42.99d 50.4c 51.2b 57.2a

Viscosity 3.2 1.15 58.7 47.7 49.4 38.4

*P < 0.05; *** P < 0.001.
1Whey of different brands: brands B1–B4.
a–dMeans within the brand of WPC or age of WPC and within a row with different superscripts are significantly different (P < 0.05).

Figure 1 Triangle tests for discrimination among brands 1, 2 and 3.
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aroma (P < 0.05) and only one significant panellist by repli-
cate interaction (pasta/dough odour; P < 0.001). No signifi-
cant brand by replicate interactions was obtained. As for the
brand effect, there was a significant difference between the
brands on the colour and opaque attributes. This result and
the instrumental measurement results of the colour concur
given that the brands differed significantly on their L, a and
b-values. Specifically, brand 2 and 3 were the only two
brands that were not significantly different to each other in
their colour. As for the opaqueness, brand 4 was signifi-
cantly different from brands 1 and 2 only. However, there
were no significant differences on the odour and flavour
attributes among these four different brands. This outcome
is sometimes attributed to the lack of proper panellist train-
ing. However, this is not the case in this work due to the
absence of any major replicate or panellist interaction effects
as outlined above. This perhaps could be partially explained
by the fact that they underwent relatively similar processing
and handling methods. Moreover, despite the fact that the
composition of the different brands has shown some minor
differences, these differences have affected the colour of the
samples but were probably not significant enough to yield
significant differences on odour and flavour attributes. This
work showed, in a similar manner to the literature and
despite the lack of difference between brands, the detection
of off-flavours such as cardboard and sour flavours, in a
similar manner to a previous study (Whitson et al. 2010).

These off-flavours were rated in the first quarter (sour) or
towards the middle of the scale (cardboard odour and fla-
vour). It is preferable for liquid and powdered whey to exhi-
bit little or no flavour (Drake 2006; Drake et al. 2007).
Previous studies stated that off-flavours, such as the card-
board flavour, are chiefly due to two mechanisms: lipid oxi-
dation and Maillard reactions (Morr and Ha 1991;
Mortenson et al. 2008). In addition, proteolysis is another
route for the formation of off-flavours (Carunchia Whetstine
et al. 2003), and the oxidation of lipids present in the whey
was responsible for the production of alcohols, aldehydes
and ketones (Morr and Ha 1991). These aroma-active com-
pounds have a discernible aroma and give whey its flavour
(Carunchia Whetstine et al. 2005). In addition, certain vola-
tile compounds are usually present in WPC and contribute
to the grassy flavour, fatty and fatty/oxidised flavour,
respectively (Whitson et al. 2010). In this research, no oxi-
dised flavour was recorded by the panellists.
Whey protein concentrates had a higher general number

of identified aroma compounds than WPI, and in particular
low molecular weight compounds. These differences were
attributed to volatile losses during further processing in WPI
(Carunchia Whetstine et al. 2005) or due to the higher fat
content in WPC (Mortenson et al. 2008). This probably
explained the higher number of odour terms generated by
the panellists in this work than flavours, such as cardboard,
cooked, cheese, pasta/dough odour and the grain odour

Table 4 Significance of effects of brand (brands 1–4), panellist, replicate and interactions on the sensory properties of whey protein concentrates
(WPC) samples and least square means of descriptive analysis attributes (rated on a 15-cm line scale)

Attributes

Effect1 Brands

Panellist
df = 7

Brand
df =3

Rep
df = 2

P 9 B
df = 21

P 9 R
df = 14

B 9 R
df = 6 B1 B2 B3 B4

Colour 1.49 55.1*** 1.68 1.28 1.48 0.74 12.8a 5.07c 5.17c 8.54b

Opaque 5.66** 4.73* 1.42 1.66 0.97 0.38 7.95b 8.88b 9.31ab 10.97a

Homogenous 11.7** 2.03 3.21 1.26 0.49 0.67 10.2 9.88 9.39 10.8
Sweet aroma 5.53** 0.96 0.22 1.97* 1.18 1.78 4.10 4.42 5.38 5.30
Cardboard odour 5.30** 1.18 0.30 1.62 0.94 0.55 6.10 7.50 6.14 5.75
Cooked odour 7.59*** 1.85 0.62 1.40 1.71 0.37 4.91 4.11 4.38 3.43
Cheese odour 3.74** 2.18 0.72 3.06** 0.82 0.76 3.47 2.56 4.59 2.38
Pasta/dough odour 2.86* 0.56 1.38 2.15* 4.24*** 0.82 3.99 4.21 3.46 4.09
Grain odour 8.13*** 0.54 0.25 1.81* 1.15 0.48 4.15 3.50 4.24 3.49
Sweet 10.4*** 1.52 3.52 1.54 1.64 1.13 8.02 9.18 7.85 8.28
Cardboard flavour 3.25* 2.07 0.75 1.28 1.80 0.55 6.73 6.64 5.05 5.50
Sour 17.7*** 1.80 0.37 1.72 1.23 1.78 4.35 3.16 3.17 3.55
Viscous 21.7** 2.32 0.27 0.94 0.85 1.21 4.89 5.25 5.09 6.21
Astringent 10.1*** 2.70 0.39 0.88 1.85 0.16 4.28 5.41 5.55 5.72
Buttery aftertaste 6.2** 1.31 0.52 1.33 1.35 1.34 4.07 5.05 5.42 4.21
Astringent aftertaste 9.04*** 1.18 0.05 1.41 1.99 1.56 5.27 6.27 6.40 6.37

*P < 0.05, **P < 0.01, ***P < 0.001.
a,b,cMeans with different letters are significantly different (P < 0.05).
1P, panellist; B, brand; R, replicate; B1–4, brands 1–4.
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(Table 2). During the spray-drying of the whey protein, lac-
tose present in the whey could undergo caramelisation or
react with the protein and lead to a series of Maillard reac-
tions. As a result, different compounds including pyrrolines,
furanones and pyrazines were produced and caused these
particular dairy flavours such as cooked/milky and sweet
aromatic flavours. (Mortenson et al. 2008).
Carunchia Whetstine et al. (2005) found that astringency,

another undesirable sensory attribute found in WPC, was
associated with lipid oxidation. Beecher et al. (2008) noted
that astringency was caused by the whey protein aggregates
that are positively charged and that interact with negatively
charged saliva proteins. This is why high concentrations in
whey protein-fortified beverages remain a sensory challenge
due to the astringency and unpleasant aftertaste following
consumption (Drake 2006). To address these problems, cer-
tain processing techniques are applied for flavour modifica-
tion and masking when producing whey proteins beverages.
Some of these techniques included, but were not limited to,
modified atmosphere storage, such as storage under N2 or
the use of Cu2+ complexing substances and antioxidants for
flavour improvement and some clarification steps to reduce
the lipid content of whey prior to and during concentration
by ultrafiltration (Morr and Ha 1991). Beecher et al. (2008)
suggested that decreasing turbidity could be achieved by
lowering the pH of the beverage, below the isoelectric point
of proteins, whereby, the solubility increased, and thus, a
clear beverage could be obtained. As for off-flavours, a
proper shelf life could be noted before the sensory profile of
the beverage becomes unacceptable to the consumers.
The possible effect of WPCs on the texture/body of bev-

erages through its binding property (Asghar et al. 2009) or
gelation capacity (Hoffmann and Van Mil 1999) was not
verified in this work, at least in terms of brand differences,
due to lack of significant differences in instrumental and
sensory viscosity measurements. This may not hold in other
more complex food matrices such as dairy beverages and
has yet to be confirmed.

CONCLUSION

Whey protein concentrates (WPCs) exhibited significant dif-
ferences in colour properties, including the L, a and b-val-
ues (P < 0.001). Triangle tests revealed significant brand
differences. Descriptive analysis corresponded to instrumen-
tal analysis with differences in opacity (P < 0.05) and col-
our (P < 0.001), but no differences on odour/flavour despite
minor differences in composition. In conclusion, during the
product development of WPC-fortified beverages, research-
ers should take note of the mere differences that exist
between WPC brands and that could potentially be noticed
by consumers. The sensory testing in this work has shown
the absence of major brand differences, with the exception
of appearance. Despite the fact that the composition of the

different brands has shown some minor differences, these
differences affected the colour of the samples but were
probably not significant enough to yield significant differ-
ences on odour and flavour attributes. However, there might
be a different outcome when using WPC in soft drinks or
isotonics which is the development of turbidity and off-fla-
vours upon storage. Overall, fortifying beverages with WPC
without imparting any deleterious effect on their flavour and
appearance is a possibility, but needs further sensory and
chemical analyses, shelf life studies and testing these ingre-
dients in their final matrices such as WPC-fortified milks,
which are lately gaining interest on the part of consumers
and product developers, especially the ones targeted for ath-
letes that contain significant levels of WPC. Accordingly,
small differences in the composition of WPC-fortified bever-
ages, such as chocolate milk, may lead to major differences
in the colour and appearance parameters of the product and
potentially have an impact on consumer acceptability. Given
the lack of major brand differences on the odour and flavour
characteristics of the WPCs and the related lack of differ-
ences in viscosity, it is advisable to assess all four brands of
WPC in a dairy beverage to assess the compatibility of
these brands in the target food matrix.
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