
Original article
Section: Food Quality and Functionality

© Copyright by Institute of Animal Reproduction and Food Research of the Polish Academy of Sciences
© �2022 Author(s). This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Pol. J. Food Nutr. Sci., 2022, Vol. 72, No. 4, pp. 407–419
On-line ISSN: 2083-6007

Print ISSN: 1230-0322
DOI: 10.31883/pjfns/155838

http://journal.pan.olsztyn.pl

Physicochemical and Sensory Properties with Special Emphasis on Thermal Characteristics 
of Whey Butter from Gouda Cheese Production Compared to Milk Butter

Oskar Michał Brożek* , Katarzyna Kiełczewska , Krzysztof Bohdziewicz

Department of Dairy Science and Quality Management, Faculty of Food Sciences,  
University of Warmia and Mazury in Olsztyn, Oczapowskiego Str. 7, 10–719 Olsztyn, Poland

Key words: whey butter, milk butter, differential scanning calorimetry, fatty acid profile, sensory attributes*

The aim of this study was to characterise milk fat from whey butter and to identify potential differences between whey butter (WB) and sweet cream 
butter (milk butter – MB). The fatty acid (FA) profile, thermal properties, colour parameters, texture properties, and sensory attributes of MB and WB 
were compared. The values of texture properties (firmness, brittleness, and cohesiveness) and colour parameters (values of b* and the yellowness index) 
of WB were lower than MB. The sensory analysis showed lower values of consistency descriptors (firmness, brittleness, cohesiveness), a less intense 
nutty and milky aroma, and a more intense cheesy aroma and taste in WB than in MB. WB was more abundant in monounsaturated, polyunsaturated, 
and  long-chain FAs, including C18:0, C18:1 Σt, C18:1 Σc, C18:2, C18:3, and C18:2 c9, t11, and  it was less abundant in  saturated and medium-
chain FAs, including C10:0, C12:0, C14:0, C14:1, C15:0, C16:0, and C16:1, relative to MB. Water content (MB vs WB and the corresponding fats) 
and thermal history (single vs repeated heating and cooling treatments) affected differential scanning calorimetry curves and phase transition peaks. 
The principal component analysis revealed that the FA profile influenced the crystallisation and melting peaks of MB fat (MBF) and WB fat (WBF). 
WBF crystallisation occurred at a lower temperature, was characterised by lower enthalpy, and proceeded more rapidly than MBF crystallisation. Vari-
ous fat fractions had different melting characteristics, and most WBF fractions were characterised by lower melting enthalpy and a smaller maximum 
difference in heat flow than MBF. Whey butter and milk butter differed in physicochemical properties and sensory attributes, and their thermal profiles 
depended on the FA profile, water content, and thermal history. 
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INTRODUCTION

The coagulation of milk proteins in cheesemaking leads 
to the separation of milk components into two phases: curd 
and whey. Around 8 to 9 kg of whey is generated in the pro-
duction of  1  kg of  cheese. The  global production of  whey 
is estimated at 165 million tons, and it continues to increase 
by  1–2% every year [Panghal et  al., 2018]. Whey obtained 
during cheesemaking is utilised in 75% in Europe and in less 
than 50% on other continents [Macwan et al., 2016]. Differ-
ent types of whey are obtained in various cheese production 
technologies. Sweet whey is  the by-product of  rennet coag-
ulation of  milk, whereas acid whey is  obtained during acid 
coagulation of milk. Sweet and acid whey differ in composi-
tion and parameters that determine their suitability for further 
processing [Nishanthi et al., 2017]. Depending on the chee-
semaking technology, 50–60% of milk solids are transferred 
to whey. Some of the separated solids have very high nutri-
tional value. When whey is further processed (into whey pro-
tein concentrate, lactose, lactic acid), residual fat is separated 
from other components [Kasapcopur et  al., 2021; Macwan 

et al., 2016]. Some fat is transferred to whey during cheese-
making. Concentrated whey fat in  the  form of  whey cream 
can be processed into various products, such as whey butter 
[Jinjarak et al., 2006; Panghal et al., 2018]. 

The  composition of  milk fat is  influenced by  numerous 
factors, including seasonal variations, animal nutrition, lac-
tation phase, and  technology of dairy products. Differences 
in  milk fat composition affect the  physicochemical proper-
ties of butter [Amal, 2009; Anankanbil et al., 2018; Couvreur 
et al., 2006]. 

The phase transitions of milk fat, especially crystallisa-
tion and melting (which occur within a  temperature range 
of –40°C to 40°C), are mainly affected by the physicochemi-
cal properties of fat, including the fatty acid (FA) profile, fat 
crystal structure, and the size of fat globules [Hokkanen et al., 
2021; Michalski et al., 2004; Truong et al., 2014]. The crystal-
lisation of anhydrous milk fat was reported to differ between 
the  hard (with a  higher content of  C14:0, C16:0, C18:0) 
and  soft (with a  higher content C18:1) milk fat fractions 
[Truong et al., 2014]. Milk fat can be divided into three frac-
tions based on melting temperature: the  low-melting point 
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fraction (LMPF) with a  melting temperature below 10°C, 
the  middle-melting point fraction (MMPF) with a  melt-
ing temperature of  10–25°C, and  the  high-melting point 
fraction (HMPF) with a  melting temperature higher than 
25°C.  The  melting process of  each fraction is  represented 
by distinct endothermic peaks on differential scanning calo-
rimetry (DSC) curves [Anankanbil et al., 2018; Brożek et al., 
2022a, b; Hokkanen et al., 2021]. The FA profile of milk fat, 
in  particular the  triacylglycerol (TAG) profile, determines 
the  melting temperature of  LMPF, MMPF, and  HMPF, 
and  influences the  rheological properties of  butter [Omar 
et al., 2017]. According to Anankanbil et al. [2018], a high 
content of C14:0 and C16:0 increased the melting tempera-
ture of MMPF and HMPF, whereas a high content of C18:0, 
C18:1, and C18:2 decreased melting temperature. A higher 
C16:0/C18:1  ratio significantly increased the  melting tem-
perature of  milk fat and  butter firmness [Couvreur et  al., 
2006]. Milk fat melting is a complex process due to the pres-
ence of three polymorphic crystal forms of fat with different 
properties and crystalline structure. The hexagonal α form 
(the  least stable form that undergoes reversible crystallisa-
tion during rapid cooling) can be irreversibly transformed to 
a β’ (more stable orthorhombic form) and β form (the most 
stable triclinic form) [Fredrick et al., 2011; Hondoh & Ueno, 
2016; Lopez & Ollivon, 2009; Staniewski et al., 2021; Viriato 
et  al., 2019]. The  thermal history of milk fat, which is de-
termined during successive heating and cooling treatments, 
illustrates changes in the polymorphic structure of crystals 
and can be used to determine differences in melting behav-
iour relative to fat that was not subjected to thermal treat-
ment. The  thermal history of  dairy products is  recorded 
during thermal treatments, such as cream aging in  butter 
production. Thermal history affects the ratio of solid to liq-
uid fat phases, thus influencing the  rheological properties 
of butter [Jukkola & Rojas, 2017; Staniewski et al., 2021]. 

Milk and dairy products are complex matrices, where each 
component is characterised by unique phase transformations. 
In  the  results of  DSC analysis, the  phase transition peaks 
of  different components can overlap if they occur within 
a similar temperature range. The above influences the identi-
fication of phase transition peaks in DSC curves and the cor-
responding peak parameters [Amara-Dali et al., 2007; Lopez 
et  al., 2005; Tomaszewska-Gras, 2013]. Examples of  over-
lapping phase transition peaks include fat crystallisation 
and melting peaks, and water freezing and ice melting peaks. 
Therefore, the presence of water in butter can significantly af-
fect the observed phase transition peaks of butter fat in DSC 
curves. In  DSC analyses, more complex thermal properties 
of  milk fat can be  observed in  butter samples that do not 
contain water or have reduced water content than in butter 
samples with standard water content. 

The aim of this study was to characterise milk fat from but-
ter made from whey which was obtained from Gouda cheese 
production, and to identify potential differences between whey 
butter (WB) and sweet cream butter (milk butter – MB). The fol-
lowing research hypotheses were formulated: 1) MB and WB 
do not differ in selected physicochemical properties or senso-
ry attributes; 2) the thermal profile of butter is not influenced 
by the type of butter, FA profile, presence of water or thermal 

history (DSC analysis of single vs multiple heating and cooling 
treatments). The  research hypotheses were validated by mea-
suring the  FA profile, thermal properties, colour parameters, 
texture properties, and sensory attributes of MB and WB. 

MATERIALS AND METHODS

Research materials
MB and WB were obtained from a dairy plant (Spółdzielnia 

Mleczarska Rospuda in Filipów, Warmia and Mazury voivode-
ship, Poland) as the final products of periodic churning per-
formed under the  same industrial conditions. WB was pro-
duced from whey obtained from Gouda cheese production. 
MB was produced from sweet milk cream. MB and WB were 
collected in triplicate during the week from different batches 
in the amount of 1 kg (n=3).

Water was removed from MB and  WB to determine its 
influence on the  thermal characteristics of  fat. Butters were 
clarified at 60°C; the fat phase was separated from the aque-
ous phase, and the fat phase was filtered through filter paper 
containing anhydrous sodium bisulphate roasted at a temper-
ature of 150°C. The above procedure was applied to obtain 
milk butter fat (MBF) and whey butter fat (WBF). The sam-
ples of MBF and WBF were obtained from one clarification 
process for each sample.

Samples of MB and WB were analysed for chemical com-
position, FA profile, colour parameters, texture properties, 
and sensory attributes. Samples of MB, WB, MBF, and WBF 
were used in the DSC analysis. 

Chemical composition analysis
The  content of  total solids, solids-non-fat, and  water 

of  WB and  MB was determined with the  FoodScan Dairy 
Analyser (Foss, Hillerøed, Denmark). Fat content was deter-
mined with the gravimetric method by Rose-Gottlieb accord-
ing to ISO 1211 [ISO, 2010]. 

Fatty acid profile analysis
Extraction of milk fat was conducted by the Rose-Gottlieb 

method [ISO, 2010]. Fatty acid esters were prepared accord-
ing to ISO 15884 [ISO, 2002]. The  7890A gas chromato-
graph with a flame ionisation detection (Agilent Technologies, 
Santa Clara, CA, USA) was used to determine the FA profile 
on the CP-Sil 88 column (100 m × 0.25 mm, 0.20 µm; Agilent 
Technologies) with a thermal gradient from 60°C (1 min) to 
180°C at 5°C/min; injector and detector temperature, 225°C 
and  250°C, respectively; flow rate of  carrier gas (helium), 
0.8  mL/min; split ratio, 1:50; injection volume, 1  µL; liner, 
0.4  mm. The  reference material was BCR-164  anhydrous 
milk fat (LGC Standards, Kiełpin, Poland). The proportions 
of  fatty acids were calculated and  divided into the  follow-
ing groups: saturated fatty acids (SFAs), monounsaturated 
fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs), 
short-chain fatty acids (SCFAs; C4–C8), medium-chain fatty 
acids (MCFAs; C10–C15), long-chain fatty acids (LCFAs; 
C16–C19), and branched-chain fatty acids (BCFAs; C13:0 i, 
C13:0 ai, C14:0 i, C15:0 i, C15:0 ai, C16:0 i). The following 
abbreviations were used in  the description of  fatty acid iso-
mers: ai – anteiso, i – iso, c – cis, t – trans.
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Differential scanning calorimetry analysis
The Q10 DSC analyser with a closed refrigerated cooling 

system (TA Instruments, New Castle, DE, USA) was calibrat-
ed with indium. The DSC analysis (sample weight: 10±1 mg; 
type of  measuring crucibles: biconvex hermetically sealed 
aluminium crucible; gas: nitrogen; flow rate: 50  mL/min,  
reference sample: empty crucible) was divided into two con-
secutive and  uninterrupted cycles to determine the  influence 
of the thermal history of butter and butter fat on the melting 
behaviour of  milk fat. In  the  first cycle, measurements were 
conducted in the following sequence: I – heating from –40°C 
to 95°C, II – cooling from 95°C to –40°C. The sequences from 
the  first cycle were repeated three times in  the  second cycle. 
In each stage, temperature was changed at a rate of 10°C/min, 
and at the end of each stage, the samples were maintained at 
the final temperature for 1 min. The results of the DSC analysis 
were processed in  the  Universal Analysis 2000  program (TA 
Instruments). The following parameters of the identified phase 
transition peaks were determined according to Brożek et  al. 
[2022b]: maximum peak temperature (Tmax), phase transition 
onset temperature (Tonset), transition temperature range as peak 
width at half height (ΔT1/2), enthalpy (ΔH), peak height at max-
imum (Pheight), starting (Ps) and ending (Pe) points of the peak.

Colour analysis
The colour analysis was performed in the CIELab space. 

Three colour parameters were measured: L*, lightness from 
black (0) to white (100); a*, greenness (–) to redness (+);  
b*, blueness (–) to yellowness (+) with the CR-400 Chroma 
Meter (Konica Minolta Sensing Americas, Inc., Ramsey, NJ, 
USA) calibrated against a white plate (L*=95.42; a*=4.89 and  
b*=–2.43). The  results were used to calculate chromaticity 
(C*), the whiteness index (WI), and the yellowness index (YI) 
according to equations (1), (2), and (3), respectively. 

� (1)

� (2)

� (3)

The  total difference in  colour chroma (ΔC*) between 
MB and  WB was calculated with the  use of  formula (4), 
and the total difference in colour (ΔE) between MB and WB 
was calculated with the use of formula (5). 

� (4)

�
(5)

All parameters were calculated according to Pathare et al. 
[2013].

Texture analysis 
Instrumental texture analyses were conducted with the use 

of  the  TA.XT.plus Texture Analyser (Stable Micro Sys-
tems, Godalming, United Kingdom) with Texture Exponent 

32 software. Butter samples were stored in a  refrigerator at 
6±1°C, and  texture analyses were conducted at the  same 
temperature in  the  micro thermostatic chamber (Tempera-
ture Applied Sciences Ltd, West Sussex, United Kingdom) 
cooled with liquid nitrogen from the XL-120 cylinder (Tay-
lor-Wharton Gas Equipment Sdn. Bhd., Shah Alam, Selan-
gor, Malaysia). The  sample was positioned centrally under 
a P/6 cylindrical flat probe. Butter firmness (N), consistency 
(N×s), cohesiveness (N), and the viscosity index (N×s) were 
determined in  a  penetration test (speed: 2  mm/s; distance: 
20  mm). Firmness was measured as the  maximum force 
needed to press the probe into the sample. Cohesiveness was 
described as the maximum force needed to overcome the re-
sistance of  the  sample when the  probe returns to its initial 
position. Consistency and the viscosity index were expressed 
by  the  area under the  force vs time curve when the  probe 
penetrated the sample and returned to its initial position, re-
spectively. Butter cohesiveness and  the  viscosity index were 
described by negative values, and they were related to the di-
rection of probe movement [Sánchez & Pérez, 2012; Tarapata 
et al., 2021].

Sensory evaluation
The  sensory profiles of  MB and  WB were determined 

on a descriptive scale according to ISO 13299 [ISO, 2016]. 
The evaluation was conducted by a panel of eight trained spe-
cialists with confirmed taste sensitivity according to ISO 8586 
[ISO, 2014]. The descriptors were selected by the panel. Each 
panellist received a product sheet and a score sheet. The fol-
lowing quality descriptors were considered in the evaluation: 
appearance (1 descriptor – colour uniformity), aroma (4 de-
scriptors  – milky, pasteurisation, nutty and  cheesy aroma), 
consistency (3  descriptors  – firmness, cohesiveness, brittle-
ness), and taste (4 descriptors – milky, pasteurisation, nutty 
and cheesy). Sensory attributes were evaluated on a five-point 
descriptive scale (1 to 5 points). The intensity of each sensory 
attribute was determined (1 – absence of descriptor, 5 – very 
intense). 

Statistical analysis
The  results of  fatty acid profile, colour parameters, tex-

ture properties, and sensory attributes for MB and WB were 
analysed with the Student’s t-test (p≤0.05). One-way ANO-
VA (normal distribution was verified using the Shapiro-Wilk 
test) was performed for the  results of  thermal properties, 
and the significance of differences between means was deter-
mined in Duncan’s test at α=0.05. The relationship between 
the percentage content of individual FAs in total FAs in each 
sample and parameters of phase transition peaks was deter-
mined by  principal component analysis (PCA). Data were 
processed statistically in StatSoft Inc. Statistica v. 13.1 soft-
ware (Tulsa, OK, USA).

RESULTS AND DISCUSSION

In  MB, the  content of  total solids was 
85.20±0.03  g/100  g, solids-non-fat  – 1.41±0.16  g/100  g, 
fat – 83.94±0.06 g/100 g, and water – 14.93±0.08 g/100 g. 
In WB, the content of total solids was 85.87±0.08 g/100 g, 
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solids-non-fat – 1.52±0.09 g/100 g, fat – 84.56±0.06 g/100 g, 
and water – 14.27±0.09 g/100 g. The obtained results were 
consistent with the  values of  Food and  Agriculture Orga-
nization/World Health Organization standard [FAO/WHO, 
2018] and  the  values given in  the  literature [Kasapcopur 
et al., 2021; Nadeem et al., 2014]. 

Fatty acid profile
An analysis of the FA profile revealed that C14:0, C16:0, 

C18:0, and  C18:1  Σc FAs dominated and  accounted for 
75.44 and 78.25 g/100 g of total FAs in WB and MB, respec-
tively (Table 1). The remaining FAs were detected in smaller 
quantities. Samples of  MB and  WB differed significantly 
(p≤0.05) in  the  proportions of  most FAs. Whey butter was 
significantly (p≤0.05) more abundant in  C4:0, C15:0  i, 
C15:0 ai, C17:1, C18:0, C18:1 Σt, C18:1 Σc, C18:2, C18:3, 
C18:2 c9, t11, MUFAs, PUFAs, SCFAs, and LCFAs, but less 
abundant in C10:0, C10:1, C12:0, C13:0 i, C13:0 ai, C13:0, 
C14:0, C14:1, C15:0, C16:0 i, C16:0, C16:1, SFAs, and MC 
-FAs than MB. The FA profiles of both products were typical 
of  MB and  WB [Gómez-Mascaraque et  al., 2020; Nadeem 
et al., 2014; Staniewski et al., 2021]. 

The observed differences in the FA profiles of WB and MB 
probably resulted from the whey origin or whey cream pro-
duction technology. The production of whey cream involves 
a larger number of processing operations than the produc-
tion of  milk cream, which promotes changes in  milk fat 
globules (MFG) and milk fat globule membrane (MFGM) 
components in whey cream [Brighenti et al., 2021; Jukkola & 
Rojas, 2017]. The FA profiles of whey depend on the cheese 
from which whey originates. WB was obtained from the whey 
of Gouda cheese, which is commonly produced in Europe. 
The available literature provides only reports from the stud-
ies of whey butter produced from the whey of regional chees-
es or experimental products; therefore, some differences 
could be noticed between the FA profile of WB in the pres-
ent study and the works of other authors. Çetinkaya [2021] 
found a higher percentage of unsaturated fatty acids (UFAs) 
in  whey fat (from Kashar cheese) than in  milk fat, but 
Kasapcopur et al. [2021] found no differences between whey 
fat (a mixture of whey from rennet-coagulated White-brined 
and  Kashar and  acid-coagulated Lor cheeses) and  milk 
fat in the content of UFAs. Brighenti et al. [2021] reported 
greater differences in the size of MFG and a higher content 
of  phospholipids in  whey cream from soft cheese (Mun-
ster) than in milk cream. They observed that MFGM could 
be damaged during cheesemaking and whey processing op-
erations, which can promote the  formation of  larger MFG 
aggregates. The  FA profile of  the  MFG core differs from 
the FA profile of MFGM. The FA composition of MFGM 
phospholipids is characterised by a higher content of UFAs 
than the FA composition of core TAGs [Jhanwar & Ward, 
2014]. According to Fauquant et  al. [2005], MFGM are 
more abundant in  UFAs, in  particular PUFAs whose con-
tent is approximately six times higher than in the MFG core. 
Based on these studies, it  can be  assumed that the  higher 
content of UFAs-rich phospholipids in WB compared to MB 
was responsible for the different FA profile in MB and WB, 
but this requires further studies.

TABLE 1. Fatty acid profile of milk butter and whey butter (g/100 g total 
fatty acids).

Fatty acid Milk butter Whey butter

C4:0 2.14±0.07b 2.78±0.12a

C6:0 1.72±0.08a 1.81±0.02a

C8:0 1.11±0.01a 1.13±0.02a

C10:0 2.65±0.04a 2.56±0.03b

C10:1 0.33±0.02a 0.28±0.01b

C11:0 0.02±0.01a 0.02±0.01a

C12:0 3.31±0.07a 3.06±0.05b

C12:1 0.05±0.01a 0.02±0.01a

C13:0 i 0.11±0.01a 0.04±0.01b

C13:0 ai 0.10±0.01a 0.08±0.01b

C13:0 0.11±0.01a 0.09±0.01b

C14:0 i 0.15±0.02a 0.14±0.01a

C14:0 12.03±0.17a 10.79±0.14b

C14:1 1.31±0.03a 0.93±0.01b

C15:0 i 0.28±0.01b 0.33±0.01a

C15:0 ai 0.46±0.01b 0.57±0.02a

C15:0 1.36±0.05a 1.19±0.02b

C16:0 i 0.29±0.01a 0.28±0.01b

C 16:0 36.20±0.53a 30.61±0.92b

C16:1 2.11±0.07a 1.67±0.05b

C17:0 0.61±0.06a 0.64±0.02a

C17:1 0.14±0.02b 0.25±0.02a

C18:0 9.71±0.32b 11.33±0.44a

C18:1 Σt 1.13±0.16b 3.31±0.14a

C18:1 Σc 20.31±0.34b 22.71±0.69a

C18:2 Σt 0.11±0.03a 0.07±0.01a

C18:2 1.16±0.03b 1.23±0.09a

C18:2 c9, t11 0.38±0.03b 1.08±0.04a

C18:3 0.50±0.02b 0.88±0.02a

C19:0 0.12±0.02a 0.11±0.04a

SFA 72.48±0.45a 67.57±0.78b

MUFA 25.37±0.22b 28.18±0.37a

PUFA 2.27±0.07b 4.38±0.12a

SCFA 4.97±0.21b 5.72±0.08a

MCFA 22.26±0.23a 20.10±0.11b

LCFA 72.89±0.29b 74.30±0.44a

BSFA≤C16 1.39±0.02a 1.44±0.03a

Values are means ± standard deviations (n=3); values with different su-
perscripts in row differ significantly at p≤0.05. i– iso; ai – anteiso; c – cis; 
t – trans; SFA – saturated fatty acids; MUFA – monounsaturated fatty ac-
ids; PUFA – polyunsaturated fatty acids; SCFA – short-chain fatty acids 
(C4–C8); MCFA – medium-chain fatty acids (C10–C15); LCFA – long- 
-chain fatty acids, (C16–C19); BSFA  – branched saturated fatty acids 
(C13:0 i, C13:0 ai, C14:0 i, C15:0 i, C15:0 ai, C16:0 i).
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Differential scanning calorimetry (DSC)
The shape of DSC curves differed subject to butter type, 

water content, and  the  sample’s thermal history (Figure  1, 
Figure 2, Figure  3). These differences affected the  param-
eters of  phase transition peaks describing both exothermic 
(Table  2) and  endothermic (Table  3) transitions. Butter 
samples and  the corresponding fat samples were compared 
to determine which phase transition peaks correspond to 
changes in  milk fat and  water. MBF and  WBF were also 
used in the analysis to minimise differences in the fat content 
of  samples which could have influenced the  shape of  DSC 
curves and the parameters of phase transition peaks. 

The DSC curves plotted for MBF and WBF had a simi-
lar shape, but differed from the  curves generated for MB 
and WB due to the presence of water in the analysed samples 

(Figure 1). The phase transitions of water in the butter sam-
ples (water freezing, ice melting, evaporation) induced much 
greater changes in heat flow than the phase transitions of fat. 
Phase transitions of  water were visualised by  large peaks 
in  DSC curves (Figure  1, Figure 2, Figure  3). These peaks 
overlapped the  peaks representing the  phase transitions 
of milk fat, in particular endothermic peaks associated with fat 
melting (Figure 2). The parameters of crystallisation and ice 
melting peaks are consistent with those given in the literature 
[Tomaszewska-Gras, 2012]. 

Two exothermic peaks were observed in  DSC curves 
in  the  range of  –40°C to 16.5°C during cooling from 95°C 
to –40°C.  A  first peak (A) occurred in  all samples between 
around –40°C to around 14°C, and  a  second peak (B) oc-
curred between around 10°C to around 15°C (Figure 2).  

FIGURE 1. Differential scanning calorimetry (DSC) curves of milk butter and whey butter (a) and  the corresponding fats (b) with an indication 
of the phase transitions of water, obtained in both cycles of the DSC analysis. 

FIGURE 2. Exothermic peaks of fat crystallisation (A, B) and water freezing (X) in milk butter and whey butter (a) and the corresponding fats (b).
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Peak B was not completely separated from peak A at a cool-
ing rate of  10°C/min, therefore peaks A  and  B were deter-
mined jointly as a  single exothermic peak (undifferentiated 
peaks A and B) (Table 2). Exothermic peaks (Figure 2) had 
similar characteristics to those reported by Smet et al. [2010]. 
In  a  mentioned study, onset temperature was determined 
at 15.35°C in  the  first crystallisation peak and  at 12.07°C 
in  the  second crystallisation peak. Exothermic peaks (A–B) 
were associated with crystallisation that occurs within a tem-
perature range of  –40°C to 20°C [Brożek et  al., 2022a, b; 
Hokkanen et al., 2021; Smet et al., 2010]. Truong et al. [2014] 
noted two peaks between 0°C to 15°C in hard milk fat frac-
tion. A first peak within the temperature range of 0°C to 10°C 
and a second additional smaller peak between 10°C to 15°C. 

An analysis of  the  exothermic peaks of  milk fat crystal-
lisation demonstrated that water removal had no significant 
(p>0.05) effect on Tmax values in MB samples or Tmax and Tonset  
values in WB samples (Table 2). The remaining parameters 

of  the exothermic peaks of  fat crystallisation differed signif-
icantly (p≤0.05) between MB and  MBF as well as between 
WB and WBF. Tonset was the only parameter that did not differ 
significantly (p>0.05) between MBF and WBF. Values of pa-
rameters ΔH and Pheight were higher in the crystallisation peaks 
of  MBF and  WBF than in  the  crystallisation peaks of  MB 
and WB, respectively, due to a higher content of milk fat. 

Endothermic peaks were observed in  DSC curves 
in the range of –40°C to 40°C, especially in the range of –10°C 
to 40°C, during heating within a temperature range of –40°C 
to 95°C (Figure 3). The DSC curves presenting fat melting 
parameters differed across DSC cycles. Two endothermic 
peaks (C and F) were noted in  cycle I, whereas four endo-
thermic peaks (D–G) that did not change in successive heat-
ing and cooling treatments were observed in cycle II. The first 
peak (C) with an unclear onset temperature and its endset at 
16–21°C was observed only in cycle I. Peak C was associated 
with unseparated LMPF and MMPF. In cycle II of the DSC 

FIGURE 3. Melting curves of milk butter (MB), whey butter (WB) (a) and the corresponding fats (MBF and WBF, respectively) (b) in cycle I and  
cycle II of the differential scanning calorimetry (DSC) analysis. Endothermic peaks represent: C – low-melting point fraction (LMPF) and middle- 
-melting point fraction (MMPF) melting; D and G – LMPF melting; E – MMPF melting; F – high-melting point fraction (HMPF) melting. Peaks X 
denote ice melting (a).
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analysis, peak C was transformed to peaks D and E. Peak D 
was identified as LMPF; it did not have a  clear onset tem-
perature, and  its endset temperature was determined at 
13–15°C. Peak G that was not clearly separated from peak D  
was observed only on WBF curves within a temperature range 
of  10–13°C.  Peaks G and  D represented LMPF melting; 
therefore, they were considered jointly as a single peak D dur-
ing the determination of endothermic phase transition peaks 
(Table 3). Peak E (from 13–14°C to 18–19°C) was identified 
as MMPF and peak F (from 18–24°C to 34–42°C) was identi-
fied as HMPF. Endothermic peaks (C–F) were identified as 
overlapping LMPF and MMPF peaks (C), and as separate 
LMPF (D and G), MMPF (E), and HMPF peaks (F) based 
on published data [Brożek et al., 2022a; Hokkanen et al., 2021; 
Kasapcopur et al., 2021; Smet et al., 2010; Staniewski et al., 
2021]. Our previous study demonstrated that the characteris-
tics of the crystallisation and melting peaks of fat from freeze-
dried milk, cream and buttermilk were affected by the content 
of fat and FAs in samples [Brożek et al., 2022a]. Two fat crys-
tallisation peaks in  the DSC curves of buttermilk and milk, 
and  three crystallisation peaks in  the  DSC curve of  cream 
were reported due to a higher concentration of SFAs in cream 
than in buttermilk and milk. Małkowska et al. [2021] also ob-
served three crystallisation peaks of the solid fraction of milk 
fat with a high content of SFAs. 

The presence of water in MB and WB had a greater influ-
ence on the parameters describing the melting peaks of LMPF 
and MMPF than HMPF (Table 3) due to the presence of ice 
melting peaks overlapping LMPF and MMPF melting peaks 
in DSC curves (Figure 3). Ice melting peaks overlapped milk 
fat melting peaks C–E in  the  DSC curves of  MB and  WB; 
therefore, the corresponding parameters could not be deter-
mined. For this reason, only the parameters of endothermic 
peaks denoting HMPF melting (peak F) could be compared 
between cycle I  and  cycle II.  The  identification of  peaks D 
and E in DSC curves depended on the size of the ice melting 
peak. Due to the higher water content in WB than in MB, ice 
melting peaks were larger on the DSC curve of WB, and they 
showed greater overlap with peaks C–E than on the  DSC 
curve of  MB (Figure  1). Tomaszewska-Gras [2012] found 
that ΔH of the ice melting peak and the water freezing peak 
were dependent on the water content of butter. 

The  parameters of  endothermic peaks (C–F) (Figure  3) 
are presented in Table  3. A  comparison of  all products and 

products within each group (MB and MBF; WB and WBF) 
revealed that the parameters of the endothermic peaks (C–F) 
of  butters and  the  corresponding fats differed significant-
ly (p≤0.05) in  most cases. In  cycle I  of  the  DSC analysis, 
the Pheight of peak C differed between MBF and WBF (p≤0.05). 
In peak C, lower values of Pheight indicate that the phase tran-
sition of  MBF components was a  less energy-intensive pro-
cess than the phase transition of WBF components. In cycle I  
of the DSC analysis, the parameters describing peak F differed 
significantly (p≤0.05) across products (excluding Pe). In cycle I,  
differences (p≤0.05) in Tonset and Ps values were noted between 
MB and  MBF and  between WB and  WBF, whereas no  dif-
ferences (p>0.05) in the values of Pe were observed between 
MB and  WB, or in  the  values of  Ps and  Pe between MBF 
and WBF. The above indicates that fat type did not determine 
the beginning and end of HMPF melting in cycle I, unlike wa-
ter which influenced the beginning of HMPF melting in cycle I.

In cycle II, peak C was transformed to LMPF (D) and MMPF 
peaks (E) (Figure 3). A comparison of MBF and WBF did not 
reveal significant (p>0.05) differences in the Tonset and Ps val-
ues of peak D (Table 3), which indicates that the type of but-
ter fat had no effect on the onset of LMPF melting. In  turn, 
MBF and WBF differed significantly (p≤0.05) in all parameters 
of peak E, which indicates that the type of butter fat determined 
the melting characteristics of MMPF. In cycle II of  the DSC 
analysis, the  parameters describing peak F differed (p≤0.05) 
between MBF and WBF (except for ΔT1/2 and Pe). The differ-
ences (p>0.05) were found between MB and MBF (Tmax, Tonset 
and Ps) and between WB and WBF (Tmax and Tonset), which indi-
cates that water content influenced the mentioned parameters 
of the HMPF peak in cycle II. 

The thermal history of butters and the corresponding fats af-
fected DSC curves showing their melting behaviour (Figure 3) 
and the parameters of endothermic peaks (Table 3). The great-
est differences were noted between LMPF and MMPF. After 
the  first stage of  heating, cooling and  reheating, the  over-
lapping melting peaks of  LMPF and  MMPF (peak C)  
split into separate LMPF (peak D) and  MMPF (peak E)  
peaks. Peak C was completely transformed to peak D (peaks D  
and  G in  WBF) and  peak E; therefore, the  corresponding 
parameters could not be accurately compared between cycle 
I and cycle II, and only a general change trend was confirmed. 
The applied thermal processing regime also influenced HMPF 
melting parameters (peak F). The endothermic peaks of MBF 

TABLE 2. Parameters of exothermic phase transition peaks – undifferentiated peaks A and B in cycle II of the differential scanning calorimetry (DSC) 
analysis of milk butter (MB), milk butter fat (MBF), whey butter (WB) and whey butter fat (WBF). 

Sample Tmax (°C) Tonset (°C) ΔH (J/g) ΔT1/2 (°C) Pheight (cW/g) Ps (°C) Pe (°C)

MB 6.10±0.05a 15.75±0.12a 42.49±0.92c 13.42±0.08c 47.82±0.28b 16.24±0.19a *

MBF 6.03±0.04a 14.02±0.14b 64.31±0.27a 15.33±0.18b 59.04±0.08a 15.68±0.05b –37.55±0.49a

WB 4.93±0.04b 13.89±0.06b 36.11±0.17d 15.53±0.19b 36.87±0.07c 14.74±0.21c *

WBF 5.05±0.03b 13.70±0.21b 59.17±0.29b 17.54±0.05a 48.38±0.30b 14.12±0.10d –38.53±0.18b

The values are means ± standard deviations (n=3); values with different superscripts (a–d) in column differ significantly at p≤0.05. Tmax – maximum 
peak temperature; Tonset  – phase transition onset temperature; ΔH  – enthalpy; ΔT1/2  – transition temperature range as peak width at half height;  
Pheight – peak height at maximum; Ps – starting point of the peak; Pe – ending point of the peak.
*No clear endset temperature (the water crystallisation peak was not considered in the identification of the end of peak A).
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and WBF differed in Tonset and Ps values, and the endothermic 
peak of MBF differed (p≤0.05) in the value of Pe between cycle 
I and cycle II (Table 3). In the DSC analysis, the peak param-
eters of all products were less scattered in cycle II than in cy-
cle I, which indicates that the  milk fat melting process was 
more stable in cycle II. The transition of peak C to peaks D  
and E (Figure 3) and the smaller scatter of results in cycle II  
than in  cycle I  (Table  3) could be  explained by  the  transi-
tion of  fat crystals from the  polymorphic form α to forms 
β’ and β. According to the  literature, the hexagonal α form 
is  irreversibly transformed to the more stable orthorhombic 
β’ and triclinic β forms during thermal processing [Fredrick 
et al., 2011; Hondoh & Ueno, 2016; Lopez & Ollivon, 2009; 
Staniewski et  al., 2021; Viriato et  al., 2019]. Our previous 
study demonstrated that thermal history influenced the  pa-
rameters of  phase transition peaks and  fat melting peaks 
of cream, milk, and buttermilk [Brożek et al., 2022b]. In turn, 
Staniewski et al. [2020] found that thermal history affected 
the melting process of anhydrous milk fat. 

The  following variables were subjected to PCA to iden-
tify variables that were most highly correlated with MBF 

and WBF, as well as variables that were bound by the stron-
gest correlations: the FA profile of samples (g/100 g total FAs) 
(Table  1) and  the  peak parameters (Table  2  and  Table  3). 
The first two principal components, PC1 and PC2, explained 
80.50% of  total variance in  input data, but only PC1  ex-
plained 69.78% of the variance, whereas PC2 explained only 
10.72% of the variance (Figure 4). Two clusters of variables 
(left and  right) were formed at the  ends of  the  PC1  axis. 
The variables from each cluster were strongly correlated with 
each other. 

The loading vectors indicate that the variables were corre-
lated. The greater the acute angle, the stronger the correlation 
between the variables in a given direction, whereas an obtuse 
angle points to an inverse correlation, and  a  straight angle 
indicates an absence of  a  correlation between variables. To 
facilitate the description of variables, peaks were marked with 
letters A and C–F, and the symbols I and II in the subscript 
denote cycles I and II, respectively. The cluster on the left side 
of  the  PC plot contains points representing variables with 
negative loadings on the  PC1  axis in  the  range of  –0.99  to 
–0.75 (Figure 4). These variables were higher in WBF than 

TABLE 3. Parameters of endothermic phase transition peaks in cycle I and cycle II of the differential scanning calorimetry (DSC) analysis of milk butter 
(MB), milk butter fat (MBF), whey butter (WB) and whey butter fat (WBF). 

Peak Cycle Sample Tmax (°C) Tonset (°C) ΔH (J/g) ΔT1/2 (°C) Pheight (cW/g) Ps (°C) Pe (°C)

C I

MB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

MBF 15.25±0.58a 2.88±1.16a 19.66±1.63a 10.97±0.57a –31.01±1.15b * 20.68±0.51a

WB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

WBF 15.05±0.65a 2.43±2.37a 15.91±2.40a 10.27±1.34a –27.48±1.52a * 20.14±0.14a

D II

MB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

MBF 9.41±0.08a 1.48±0.33a 5.51±0.49a 6.33±0.21b –12.22±0.71b 0.12±0.41a 14.42±0.10a

WB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

WBF 7.90±0.28b 1.36±0.34a 4.12±0.68b 7.71±0.25a –9.93±1.58a 0.02±0.32a 13.82±0.36b

E II

MB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

MBF 17.17±0.03a 14.98±0.08a 2.22±0.14a 2.43±0.13a –16.13±0.90b 14.47±0.11a 19.90±0.07a

WB n.d. n.d. n.d. n.d. n.d. n.d. n.d.

WBF 16.22±0.04b 14.26±0.05b 0.81±0.19b 2.07±0.16b –7.02±0.85a 13.91±0.06b 18.46±0.04b

F

I

MB 32.46±0.51aA 19.71±0.47cA 15.62±1.04aA 11.32±0.45bA –25.26±1.61bA 19.18±0.13bA 41.84±2.32aA

MBF 31.64±0.61aA 21.66±0.32aA 15.76±0.82aA 10.85±0.40cA –25.59±1.37bA 21.11±0.81aA 41.99±0.91aA

WB 30.21±0.80bA 18.72±0.09dA 12.52±0.91bA 11.81±0.65aA –19.54±1.86aA 18.25±0.08cA 39.78±1.95aA

WBF 30.33±0.37bA 20.90±0.32bA 12.68±0.79bA 11.76±0.42aA –19.73±1.59aA 20.43±0.52aA 39.97±1.07aA

II

MB 32.67±0.33aA 19.96±0.26bA 15.19±0.72aA 11.52±0.21aA –26.48±0.69bA 19.48±0.26bA 41.25±0.91aA

MBF 32.04±0.21bA 20.46±0.13aB 15.56±0.37aA 11.40±0.19aA –25.79±0.41bA 19.95±0.17aB 39.96±0.50abB

WB 31.05±0.35bA 18.78±0.31cA 13.36±0.62bA 12.09±0.30aA –21.95±1.18aA 18.35±0.24cA 38.50±1.29bA

WBF 30.49±0.24cA 19.30±0.20bB 13.57±0.26bA 11.63±0.15aA –21.35±0.47aA 18.53±0.11cB 40.11±0.17abA

The values are means ± standard deviations (n=3); values with different lowercase letters (a–d) in superscripts in column separately for each peak 
and cycle differ significantly at p≤0.05; values with different uppercase letters (A–B) in superscripts for individual product in cycle I and cycle II of peak F  
differ significantly at p≤0.05. Tmax – maximum peak temperature; Tonset – phase transition onset temperature; ΔH – enthalpy; ΔT1/2 – transition tempera-
ture range as peak width at half height; Pheight – peak height at maximum; Ps – starting point of the peak; Pe – ending point of the peak; n.d. – not detected 
(the water freezing peak overlapped fat melting peaks).
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in  MBF.  The  left cluster includes the  following variables: 
C15:0  ai, C18:1  Σt, D-ΔT1/2, FII-Pheight, C18:3, C18:2  c9, 
t11, C15:0  i, MUFA, PUFA, C18:2, C18:1  Σc, LCFA,  
E-Pheight, A-ΔT1/2, C18:0, FI-Pheight, C-Pheight, C4:0, SCFA, C8:0, 
D-Pheight, C6:0, and FII-ΔT1/2, which were arranged in an as-
cending order based on the loadings. The cluster on the right 
side of  the  PC1  axis contains points denoting variables 
that were bound by  inverse correlations relative to the  left 
cluster and  were characterised by  highly positive loadings 
in the range of 0.73 to 0.99. The values of these variables were 
higher in MBF than in WBF. The right cluster includes fol-
lowing variables: C16:0, C14:1, C16:1, C14:0, FII-Tmax, C12:0, 
C13:0 ai, C13:0, SFA, MCFA, A-Pheight, FII-Ps, FII-ΔH, C10:0, 
FII-Tonset, C10:1, A-ΔH, D-Tmax, C15:0, E-Pe, E-ΔH, FI-ΔH, 
A-Ps, E-Tmax, FI-Tmax, E-Tonset, A-Tmax, C13:0 i, E-ΔT1/2, C16:0 i, 
D-ΔH, E-Ps, D-Pe, C-Pe, C-ΔH, FI-Pe, and FI-Tonset, which were 
arranged in a descending order based on the loadings. 

A higher content of SFAs and MCFAs, especially C12:0, 
C14:0 and C16:0, in MBF than in WBF increased the values 
of Tmax, ΔH and Ps and decreased the value of ΔT1/2 in cryst-
allisation peak A  (which indicates that MBF crystallisation 
was characterised by  higher enthalpy, occurred at a  higher 
temperature, and  proceeded less rapidly than WBF crystal-
lisation), whereas an increase in  the  content of  MUFAs,  
PUFAs, and  LCFAs, including C18:1, and, to a  much 

lesser degree, an increase in  the  content of  SCFAs, includ-
ing C4:0, C6:0 and C8:0, induced a reverse trend (which in-
dicates that WBF crystallisation was characterised by  lower 
enthalpy, occurred at a  lower temperature, and  proceeded 
more rapidly than MBF crystallisation). In  our previous 
study, we found that Tonset increased, whereas ΔT1/2 decreased 
with a rise in the content of SFAs and MCFAs, in particular 
C14:0 and C16:0, in freeze-dried milk [Brożek et al., 2022b]. 
In turn, Truong et al. [2014] reported that anhydrous milk fat 
had a crystallisation peak in the temperature range from –5°C 
to 10°C.  The  observed peak was smaller and  characterised 
by higher values of Tmax and Tonset in  the hard fraction com-
pared to soft fraction of milk fat.

The  content of  SFAs and  MCFAs, especially C12:0, 
C14:0 and C16:0, influenced the value of Pe of the melting peak 
corresponding to the merged LMPF and MMPF peaks (peak C);  
the  values of  Tmax, ΔH and  Pe of  the  LMPF peak (peak D); 
the  values of  Tmax, Tonset, ΔH, ΔT1/2, Ps and  Pe of  the  MMPF 
peak (peak E); the values of Tmax, Tonset, ΔH and Pe in cycle I; 
and the values of Tmax, Tonset, ΔH and Ps in cycle II of the HMPF 
melting peak (peak F). The above implies that the maximum 
difference in  heat flow in  all endothermic peaks (based on 
the absolute values in cycles I and II), the enthalpy of LMPF, 
MMPF and HMPF (in cycles I and II), and the melting rate 
of MMPF were lower in WBF than MBF, whereas the beginning 

FIGURE 4. Principal component analysis biplot of milk butter fat (MBF) and whey butter fat (WBF), and the contribution of the parameters of peaks 
C and F in cycle I and peaks A, D, E and F in cycle II of the differential scanning calorimetry (DSC), and the content fatty acids (g/100 g total fatty 
acids) to principal component 1 (PC1) and principal component 2 (PC2). The variables were arranged in ascending (cluster left, L) and descending 
(cluster right, R) order based on loadings. The L cluster contains C15:0 ai, C18:1 Σt, D-ΔT1/2, FII-Pheight, C18:3, C18:2 c9, t11, C15:0 i, MUFA, PUFA, 
C18:2, C18:1 Σc, LCFA, E-Pheight, A-ΔT1/2, C18:0, FI-Pheight, C-Pheight, C4:0, SCFA, C8:0, D-Pheight, C6:0, FII-ΔT1/2. The R cluster contains C16:0, C14:1, 
C16:1, C14:0, FII-Tmax, C12:0, C13:0 ai, C13:0, SFA, MCFA, A-Pheight, FII-Ps, FII-ΔH, C10:0, FII-Tonset, C10:1, A-ΔH, D-Tmax, C15:0, E-Pe, E-ΔH, FI-ΔH, 
A-Ps, E-Tmax, FI-Tmax, E-Tonset, A-Tmax, C13:0 i, E-ΔT1/2, C16:0 i, D-ΔH, E-Ps, D-Pe, C-Pe, C-ΔH, FI-Pe and FI-Tonset. Symbols I, II in the subscript of peak F 
denote cycles I and II of the DSC analytical sequence, respectively.
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of MMPF (peak E) and HMPF (cycles I and II, peak F) melt-
ing and the end of melting in the overlapping peaks of LMPF 
and MMPF (peak C), LMPF (peak D) and MMPF (peak E) 
occurred at a lower temperature in WBF than MBF. The con-
tent of MUFAs, PUFAs, and LCFAs, including C18:0, and to 
a much smaller extent, the content of SCFAs, including C4:0, 
C6:0 and C8:0, induced a drop in the above parameters, but 
increased Pheight values of all endothermic peaks, and ΔT1/2 val-
ues of LMPF and HMPF (cycle II) melting peaks. The above 
implies that LMPF and  HMPF (cycle II) melted more rap-
idly in  WBF than MBF.  The  presence of  peak G can prob-
ably be  attributed to a  higher content of  MUFAs, PUFAs, 
and LCFAs, including C18:0, in WBF than in MBF. According 
to Staniewski et al. [2021], the FA profile of TAGs can affect 
the melting behaviour of milk fat, in particular the value of Ps, 
and it can influence the textural properties of butter. Anank-
anblil et al. [2018] demonstrated that the Ps value of MMPF 
and HMPF crystallisation and melting peaks decreased with 
a  rise in  the  content of  C18:0, C18:1, C18:2, and  C18:3, 
and increased with a rise in the content of C14:0 and C16:0. 
Larsen et al. [2014] and Smet et al. [2010] made similar obser-
vations also in the Ps value of the LMPF peak. The saturated 
FA C18:0  decreased the  Ps values of  milk fat crystallisation 
and melting peaks despite the  fact that it has a higher melt-
ing temperature than C18:1, C18:2, and  C18:3. The  above 
could be  attributed to mammary desaturase activity which 
transforms C18:0 into C18:1, thus lowering melting tempera-
ture [Anankanblil et al., 2018; Larsen et al., 2014]. Buldo et al. 
[2013] reported a correlation between the melting temperature 
(Ps) of  MMPF and  the  content of  C14:1, C16:0, C18:1 Σc, 
C18:1  Σt, and  C18:2  c9, t11. In  a  PCA conducted in  our 
previous study, the content of many FAs was correlated with 
the parameters of crystallisation and melting peaks of fat from 
freeze-dried milk, including the values of Tonset of the crystalli-
sation peak, ΔT1/2 of the LMPF melting peak, and Tmax and Tonset  
of  the  MMPF peak [Brożek et  al., 2022b]. These variables 
were inversely corelated with the ΔT1/2  of  the  crystallisation 
peak and the content of LCFAs, MUFAs, and PUFAs, includ-
ing C18:0, C18:1, C18:2 and C18:3. 

Colour 
Samples of  MB and  WB differed significantly (p≤0.05) 

in the colour parameters a*, b*, C*, WI and YI, but not in pa-
rameter L* (p>0.05) (Table 4). The values of b* and YI were 
higher in MB, which indicates that it was more yellow in co-
lour than WB. Colour chroma was also higher in MB, where-
as the values of parameter a* and  the whiteness index were 
higher in WB. 

The values of L*, a* and b* in MB were similar to those 
given in  the  literature [Gómez-Mascaraque et  al., 2020]. 
In turn, WB was characterised by similar lightness, a higher 
contribution of greenness, and a  significantly higher contri-
bution of yellowness relative to other studies [Jinjarak et al., 
2006; Kasapcopur et  al., 2021]. The  total colour difference 
between MB and WB reached 2.33 (Table 4). The detection 
of colour difference could be easily possible even by an inex-
perienced observer if the ΔE=2.0–3.5 [Dobrzańska & Cais- 
-Sokolińska, 2014].

Texture
The  textural properties of  MB and  WB are presented 

in Table 5. Milk butter and whey butter differed significantly 
(p≤0.05) in firmness. Internal stickiness (described by  co-
hesiveness values) was significantly (p≤0.05) higher in MB 
than WB.  The  examined products did not differ signifi-
cantly (p>0.05) in  consistency or viscosity. The  obtained 
lower values of  firmness and  cohesiveness for WB com-
pared to MB are in agreement with the  fatty acid profiles 
of the samples. In turn WB was more abundant in MUFAs 
and  PUFAs (Table 1) which contribute to butter softness. 
Amal [2009] and Jinjarak et al. [2006] reported lower hard-
ness and cohesiveness in whey butter than in sweet cream 
butter. In the work of Staniewski et al. [2021], the rheologi-
cal properties of butter were correlated with the composi-
tion of TAGs in the fat phase, and butter firmness decreased 
with a  rise in  the  content of  C18:1, C18:2, and  C18:3  
PUFAs in TAGs. 

Sensory evaluation
The sensory evaluation revealed that MB and WB differed 

significantly (p≤0.05) in the values of consistency descriptors: 
firmness, brittleness, and cohesiveness (Figure 5) as well as 
in  the  intensity of milky and nutty aroma, and cheesy taste 
(p≤0.05). The remaining descriptors of taste, aroma, and co-
lour uniformity did not differ significantly (p>0.05) between 
the compared butters. 

In  a  study by  Mallia et  al. [2008], butter enriched with 
UFAs was characterised by higher spreadability and a some-
what less intense milky taste and pasteurisation aroma than 

TABLE 4. Colour parameters of milk butter (MB) and whey butter (WB). 

Sample L* a* b* C* WI YI ΔC* ΔE

MB 89.13±0.43a –3.41±0.03a 32.08±0.11a 32.26±0.11a 65.96±0.15b 51.42±0.25a

2.25±0.11 2.33±0.27
WB 88.96±0.58a –3.17±0.06b 29.84±0.23b 30.01±0.23b 68.02±0.02a 47.92±0.05b

Values are means ± standard deviations (n=3); values with different superscripts in column differ significant at p≤0.05. L* – lightness; a* – position 
between redness and greenness; b* – position between blueness and yellowness; C* – chromaticity; WI – whiteness index; YI – yellowness index;  
ΔE – total colour difference; ΔC* – difference in saturation.

TABLE 5. Textural properties of milk butter (MB) and whey butter (WB).

Sample Firmness
(N)

Consistency 
(N×s)

Cohesiveness
(N)

Viscosity 
(N×s)

MB 1.80±0.05a 30.90±0.74a –0.86±0.07b –1.54±0.19a

WB 1.68±0.06b 30.67±1.59a –0.67±0.08a –1.30±0.03a

Values are means ± standard deviation (n=3); values with different su-
perscripts in column differ significantly at p≤0.05. 
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conventional butter after 1  week of  storage at 6°C.  After 
8 weeks of storage at 6°C, these differences, excluding spread-
ability, were levelled out between the samples. Jinjarak et al. 
[2006] found that sweet cream butter and  whey butter dif-
fered significantly only in  yellowness, shininess, porosity, 
melting rate, cardboard odour, and nutty flavour. 

CONCLUSIONS

Whey butter had comparable sensory attributes to MB, 
but it was less yellow in colour. Whey butter was softer than 
MB due to a higher content of MUFAs, PUFAs, and LCFAs, 
leading to lower crystallisation onset temperature and high-
er melting onset temperature of fat. The thermal properties 
of butter were determined by butter type, FA profile, presence 
of water, and  thermal history. Due to relatively high water 
content, the DSC curves of butter differed considerably from 
the DSC curves of butter fat. Water freezing and  ice melt-
ing peaks overlapped fat crystallisation and melting peaks, 
which hindered their observations in  DSC curves and  af-
fected their parameters. The phase transition peaks of milk 
fat and water, peak overlaps, and the extent to which water 
affected the  parameters of  milk fat phase transition peaks 
were determined based on an analysis of  the  DSC curves 
of butters and their fats. Thermal history influenced butter 
melting behaviour by  inducing changes in DSC curves, in-
cluding the number of peaks and peak parameters. The PCA 
revealed that a rise in the content of SFAs and MCFAs, espe-
cially C12:0, C14:0 and C16:0; increased the values of Tmax, 
ΔH and Ps; decreased the value of ΔT1/2 of  the crystallisa-
tion peak; increased the value of Pe of  the merged melting 

peak of  LMPF and  MMPF; increased the  values of  Tmax, 
ΔH and Pe of the LMPF peak; increased the values of Tmax, 
Tonset, ΔH, ΔT1/2, Ps and  Pe of  the  MMPF peak; increased 
the values of Tmax, Tonset, ΔH and Pe in cycle I; and increased 
the values of Tmax, Tonset, ΔH and Ps in cycle I of the HMPF 
peak. Reverse trends were observed with a  rise in  the con-
tent of MUFAs, PUFAs, and LCFAs, including C18:0, and to 
a smaller extent, with an increase in the content of SCFAs, 
in  particular C4:0. These results were used to determine 
the influence of butter type on the crystallisation and melt-
ing characteristics of  WBF and  MBF.  WBF crystallisation 
was characterised by lower enthalpy; it occurred at a lower 
temperature, and proceeded more rapidly than MBF crystal-
lisation. In turn, LMPF and HMPF (cycle II) melted more 
rapidly in WBF than MBF, whereas the absolute maximum 
difference in  heat flow in  all fractions (cycles I  and  II), 
the enthalpy of LMPF, MMPF and HMPF (cycles I and II), 
the melting rate of MMPF, and the values at the beginning 
(MMPF and HMPF in cycles I and II) and the end of melt-
ing (overlapping LMPF and MMPF peaks in cycle I; sepa-
rate LMPF and MMPF peaks in cycle II) were lower in WBF 
than MBF.  Whey butter and  milk butter differed in  physi-
cochemical properties and  sensory attributes, and  their 
thermal profiles depended on the FA profile, water content, 
and thermal history. 
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