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Abstract
A relatively unexplored goat’s milk fat and goat’s milk chocolate were investigated to enhance thermal properties of both.

Differential scanning calorimetry, pressure differential scanning calorimetry and thermogravimetry were successfully used

to determine polymorphic forms of goat’s milk fat, oxidative stability and the percentage composition of goat’s milk

chocolate. The thermal profile and characteristic of the goat’s milk chocolate showed parameters very similar to dark

chocolate. Significant differences were found in the induction times of goat milk fat and fat extracted from goat’s

chocolate. For the goat’s milk fat, the value of activation energy (Ea) for a maximum temperature was almost identical to

the Ea value obtained by the means of onset temperature. However significant difference was observed between values of

Ea for the fat extracted from goat’s milk chocolate.
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Introduction

Goat milk is an exquisite source of fatty acids (FA), protein

and minerals [1]. The importance of goat milk as a func-

tional food is related to its high digestibility and nutritional

value, as well as its therapeutic and dietary characteristics

[2]. An essential component that determines the better

absorption of goat milk is small size fat globules whose

composition varies significantly from other types of milk

[3]. A high proportion of short- and medium-chain satu-

rated fatty acids (SFA) such as butyric, caproic, caprylic

and capric acid, and long-chain mono- and polyunsaturated

fatty acids (MUFA and PUFA) provides better tolerance,

especially among children and elderly people. The low

percentage of allergies registered worldwide [4] makes

goat milk very promising and valuable food ingredient,

including chocolate. The presence of goat milk in choco-

late allows to simultaneously implement essential nutrients

into diet and avoid distinctive aroma and flavour charac-

teristic for pure goat milk, not well accepted by consumers.

Regardless of the type of chocolate, its texture and

appearance are key attributes in consumer choice [5].

Visual information characterizing objects, including gloss,

colour, shape, roughness, surface texture, shininess and

translucency, is summarized into the appearance attributes.

The melting properties of chocolate are critical to their

quality because they greatly influence consumer accept-

ability, appearance and storage stability of the product.

Chocolate, especially milk chocolate, is a very complex

mixture of ingredients. Hence, it is difficult to analyse and

relatively easy to falsify. Traditional analytical techniques

used for analysing the amount of fat and protein are time-

consuming and they require constant supervision. There-

fore thermal analysis, such as differential scanning

calorimetry (DSC) and thermogravimetry (TGA), is gain-

ing more attention in the food analysis. DSC can be used in

many ways, in either isothermal or non-isothermal mode,

providing information about crystallization and oxidative

stability, respectively. TGA is a simple, cost-effective and

sensitive tool which can be used to determine the compo-

sition of dark and milk chocolate and consequently to

control the quality of that product [6, 7].
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During chocolate manufacture, the crystalline state and

the proportion of solid fat present are important in deter-

mining the melting character in the final product [8]. Most

of the fats can crystallize in different polymorphic forms

which differ in stability due to distance and arrangement

between fatty acid chains. Therefore, the melting profile

can be a qualitative and quantitative picture of each

chocolate as it reflects all varieties of fats and conditions

applied during chocolate production. Melting profiles of

chocolates are expected to differ due to various fatty acids

composition and changeable amount of fine solid particles

(sugar and cocoa) depending on the type of chocolate.

The aim of this work was to propose the thermo-

gravimetry (TGA) and the derivative thermogravimetry

(DTG) as fast and convenient techniques to determine the

composition for goat milk chocolate, as well as differential

scanning calorimetry (DSC), used to both, measure

oxidative stability and characterize melting profile, for fats

extracted from both, goat milk powder and goat milk

chocolate.

Materials and methods

Samples

Goat milk powder and goat milk chocolate (65% cocoa

liquor) were purchased in one of the well-known hyper-

markets, at the healthy food section. The ingredients (ac-

cording to the manufacturer’s declaration) found in

chocolate are cocoa mass, raw cone sugar, goat milk

powder, cocoa butter and salt. The average nutritional

value per 100 g was sugar content—33%, fat content—

46% (content of cocoa butter and cocoa mass was 64%

minimum), protein—12% and salt—0.2%.

Fat extraction from goat milk powder and goat
milk chocolate

Goat milk chocolate was ground separately before extrac-

tion. Fats were extracted according to the procedure

described by Boselli et al. [9]. Approximately 30 g of the

sample (either goat milk powder or ground goat milk

chocolate) was homogenized with 100 mL of a chloro-

form/methanol solution (1/1 v/v) in a glass bottle with a

screw-cap. The bottle was kept at 60 �C for 20 min before

adding an additional 100 mL of chloroform. After 2 min of

homogenization, the solution was filtered to get rid of

undissolved pieces of chocolate. A filtrate was mixed

thoroughly with 70 mL of 1 M KCl solution and left

overnight at 4 �C in order to phase separation. The organic

phase was collected, and the solvent was removed by the

rotary evaporator at 40 �C. The cocoa butter, the goat milk

fat and the fat isolated from goat milk chocolate were

stored at - 18 �C until they were analysed.

DSC measurements for goat milk fat

The calorimetric measurements were performed with a

Q200 DSC (TA Instruments, New Castle, DE, USA).

Oxygen was used as the purge gas at a rate of 50 mL min-1.

The instrument was calibrated in temperature and enthalpy

with high-purity indium according to the procedure for

standard DSC. A normal-pressure DSC cell was used. Fat

samples of 3–4 mg were placed in open aluminium pans and

inserted into the heating chamber of the DSC cell. The

aluminium reference pan was left empty. Samples were

heated with linear heating rates of 2.5, 4, 6, 7.5, 10, 12.5,

15 �C min-1. For each programmed heating rate (b, �C
min-1), at least triplicate determinations were carried out.

Each run was recorded on the instrument’s computer disc.

When the run was completed, the onset oxidation temper-

ature (Ton) was determined as the intersection of the

extrapolated baseline and the tangent line (leading edge) of

the recorded exotherm. The averages from measurements of

Ton for each sample at a given temperature were determined

as the intersection of the extrapolated baseline and the tan-

gent line (leading edge) of the recorded exotherm. The

maximum oxidation temperature (Tmax) was determined as

the maximum exothermal peak of oxidation sample [10, 11].

Melting characteristics of goat milk chocolate,
fats extracted from goat milk powder and goat
milk chocolate

DSC measurements of melting characteristics were carried

out with a Q200 DSC (TA Instruments, New Castle, DE,

USA). For goat milk chocolate, approximately 3–4 mg of

sample was placed in hermetically sealed aluminium pans

with an empty pan as a reference. Samples were placed in

the DSC immediately at a temperature set to 10 �C, under a

nitrogen atmosphere. The temperature was then raised by

4 �C min-1 to 50 �C.

For isolated fats, approximately 3–4 mg were placed

into aluminium pans with a lid and were hermetically

sealed. An empty sealed aluminium pan was used as a

reference, and the experiments were performed under a

nitrogen flowing with a rate of 50 mL min-1 at normal

pressure. Melted samples were heated to 80 �C and held for

10 min, in order to melt all the crystals and to erase the

thermal memory. The samples were then cooled to

- 80 �C at 10 �C min-1 and maintained at - 80 �C for

30 min. Then the melting (so-called second fusion) profiles

were obtained by heating the samples to 80 �C at a heating

rate of 10 �C min-1 [12, 13]. Peak temperature
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measurements were performed using the functions of the

Universal Analysis Software (TA Instruments).

PDSC measurements for goat milk fat

Thermoanalytical measurements of oxidative stability of

goat milk fat and fat extracted from goat milk chocolate

were carried out using a DSC Q20 TA Instruments, cou-

pled with a high-pressure cell. The sample (3–4 mg) was

placed in aluminium pan, under an oxygen atmosphere,

being pressurized in the isobaric model (1400 kPa).

Experiments were performed at isothermal conditions

(from 100, 110 and 120 �C). The oxidative induction time

was obtained from PDSC curves. From resulting PDSC

exotherms, the times to reach the peak maximum (smax)

were determined and used for the assessment of the

oxidative stabilities of the samples [11].

Thermogravimetry analysis for goat milk fat

The thermogravimetric study was performed using a Dis-

covery TGA (TA Instruments) analyser. The sample was

placed in a platinum container. The measurements were

made at temperature range 50–700 �C with a heating rate

of 10 �C min-1, in both nitrogen and oxygen atmospheres,

at a flow rate of 25 mL min-1. After obtaining TG curves

showing temperature dependence on mass loss, the first

derivate (DTG) was calculated [6, 14]. The method has

been validated on real samples at three selected tempera-

tures in triplicate. The experimental extended uncertainty

reached a maximum 2%.

Statistical analysis

The data were reported as the mean ± standard deviation.

One-way ANOVA was performed using the Statgraphics

Plus, version 5.1 (Statistical Graphics Corporation, War-

renton, VA, USA). Differences were considered to be

significant at a p value of 0.05, according to Tukey’s

multiple range test. The experimental design was carried

out with three replications.

Results and discussion

Melting characteristic by DSC

Goat’s milk chocolate is not so popular like milk or dark

chocolates. During chocolate manufacture both, the crys-

talline state and the proportion of solid fat present, are

important in determining the melting behaviour of final

products. Differential scanning calorimetry (DSC) has been

used to characterize changes in a chocolate melting profiles

and measures the relative amounts of each crystalline state

[8, 15]. The peaks corresponding to latent heat are

observed in temperature ranges related to melting of

specific polymorphs [16]. The most important ingredient of

each chocolate is fat. The main kind of fat at all chocolates

is constituted by cocoa fat. Melting profiles of goat fat and

fat extracted from goat’s milk chocolate are presented in

Fig. 1. Mild endothermic and wide peak in the range of

temperature - 75.04–59.66 �C on melting curve of goat

fat was observed. The percentage of MUFA’s is low in goat

milk fat (24.46%) when compared with cow milk fat

(27.73%); however, the PUFA level present in goat milk

fat (4.67%) is higher than in cow milk fat (2.89%) and this

may be due to species-specific differences [17, 18]. The

first peak is caused by the low-melting point fraction of

PUFA. The second, mild endothermic peak at a maximum

temperature about 4.36 �C was noticed on the goat fat

melting curve. According to Amara-Dali’s et al. [19]

melting temperature corresponds to the melting of a
polymorphic form of goat milk fat (melting range is - 7 to

5 �C). Amara-Dali’s et al. [20] investigated the crystal-

lization of triacylglycerols (TG) in goat’s milk fat globules

by using polarized light microscopy and the coupling of

time-resolved synchrotron radiation X-ray diffraction

(XRD) and high-sensitivity differential scanning

calorimetry (DSC). The molecular organization of the solid

fat phase was characterized for cooling rates between 3 and

0.1 �C min-1. Quenching of goat’s milk fat globules from

50 to either - 8 �C or 4 �C was also examined to identify

the most unstable polymorphic forms of TG. Then, the

melting behaviour of fat crystals was studied on the sub-

sequent heating rate of 1 �C min-1. Triple chain length

(3L: 68.6 - 70 Å) and double chain length (2L: 37 - 45.4

Å) structures were characterized and five polymorphic

forms, a, sub-a, b01, b02 and b were identified. Polymorphic

transitions were observed within goat’s milk fat globules as

a function of time after quenching and as a function of

temperature during heating. The maximum temperature of

third most distinct (clearest) endothermic peak was

observed at the temperature of 13.04 �C, and the last peak

was characterized by maximum temperature at 26.38 �C
(Fig. 1). The use of the synchrotron radiation and DSC

revealed the existence of two different 3L (a and b0) and

numerous 2L forms (a and b0) in anhydrous goat milk fat

depending on crystallization conditions. Although the

dominant stable form is b0, four different polymorphic

subcell types, sub a, a, b0 and b, were observed [19]. The

melting temperatures for changes polymorphic form sub a,

a and b0 occurred at temperature range: - 19 to - 7 �C;

- 7 to 5 �C and 5 to 36 �C, respectively [19].

Sbihi et al. [21] investigated goat milk fat. They

observed that during DSC analysis, melting curve exhibited

two melting peaks at 15.4 �C and 38.7 �C, respectively.
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The large shoulder endothermic peak was attributed to the

melting of triacylglycerol with a combination of unsatu-

rated fatty acids, and short-chain fatty acids and medium-

chain fatty acids, while the small shoulder endothermic

peak is responsible for the melting of triacylglycerols with

a combination of long-chain saturated fatty acids, mainly

C16:0 and C18:0, and monounsaturated fatty acids with a

trans configuration [22]. The transformation into the b0

polymorph form occurred rapidly when liquid phase was

present during crystallization in the a polymorph mixture

of high- and low-melting milk fractions [23].

Goat’s milk chocolate was characterized by the greater

cocoa fat content than goat milk fat. That phenomena were

noticeable in melting characteristic of fat extracted from

goat’s milk chocolate (Fig. 1). Three endothermic peaks

were observed on fat extracted from goat’s milk chocolate

DSC melting curve. The first and the second peaks were

characterized by very sharp course, the second peak being

clearly sharper. The maximum temperature of the first and

second endothermic peaks was observed at 17.78 and

20.06 �C, respectively. These temperatures indicated sim-

ilar melting profile for I and II polymorphic forms of cocoa

butter [5]. Cocoa butter has been characterized by five

polymorphic forms: I (sub- or c), II (a), III, IV (b0), V (b)
and VI, the fifth, b, being the most stable. The maximum

temperature of the third peak was noticed at 32.83 �C. The

maximum temperature of the first and second peak occur-

red at higher value than for cocoa butter [24, 25]. The third

peak could be the result of using goat milk fat in the pro-

duction of chocolate.

The DSC curve of goat’s milk chocolate melting beha-

viour is shown in Fig. 2. The melting curve of goat’s milk

chocolate is characterized by two endothermic peaks. The

first peak, wide and mild, was observed at a maximum

temperature of about 27.68 �C. The second peak was

characterized by sharp and distinct course at a temperature

about 34.05 �C. Goat milk contains about 4.1–4.3% lac-

tose, 3.5–3.8% milk fat, 3.4–3.5% protein and 0.7–0.8%

minerals [26, 27]. Milk fat triglycerides, dominated by

saturated fatty acids, exhibit a different crystalline structure

than adequate amounts of SFA represented by palmitic,

stearic and oleic acid, found in the majority in cocoa butter

[28]. Milk fat is mainly liquid at ambient temperature;

hence, when used at up to 30% of the total fat content, it

softens chocolate texture, slows setting and inhibits fat

blooming effect [29]. Milk fat is prone to oxidation and

influences shelf life [25, 28]. According to Afoakwa et al.

[30], melting the most desirable polymorphic form V

should be carried out at a temperature range of 32–34 �C.

The maximum melting temperature of goat’s milk choco-

late is very similar to the temperature of melting V form of

cocoa butter. Hussain et al. [31] researched the best blend

of cocoa butter substitute and genuine cocoa butter to

provide milk chocolate of a similar characteristic to pure

milk chocolate. The maximum melting temperature of milk

chocolate occurred at a level of about 29.9 �C, while a

goat’s milk chocolate was characterized by a higher

melting temperature. However, based on the previous sci-

entific reports, it can be expected that the addition of sugars

[30] and a well-conducted tempering process can both

influence the melting characteristic of goat’s milk

chocolate.

Thermogravimetry

The thermogravimetric and first derivative data of the goat

milk fat, fat extracted from goat’s milk chocolates and
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goat’s milk chocolate, under the nitrogen and oxygen

atmosphere, are presented in Figs. 3, 4 and 5.

The TG and DTG diagrams of goat milk fat in nitrogen

and oxygen are presented in Fig. 3a, b. The TG curve in

nitrogen was characterized by only one event, corre-

sponding to 98.95% mass loss (Fig. 3a), while on DTG

curves one distinct peak at temperature range

285.16–475.32 �C was observed. The shape and course of

goat milk fat TG and DTG curves in nitrogen are very

similar to cow milk fat TG and DTG curves [31], even

though the goat milk fat is characterized by five poly-

morphic forms [19]. In Fig. 3b, TG and DTG diagrams of

goat milk fat in oxygen are presented. In contrast to a

nitrogen atmosphere, a TG diagram performed under

oxygen atmosphere was characterized by four transitions;

therefore, a DTG curve showed four stages of goat milk fat

decomposition at maximum temperature peaks: 278.13;

409.77; 417.99; and 502.12 �C. Sbihi et al. [21] investi-

gated goat milk fat by using TGA/DTG in a dry air

atmosphere. The characteristic of the TGA/DTG diagrams

showed three stages of decomposition for goat milk fat,

with a maximum temperature at 316.5, 440 and at

541.3 �C. Our results obtained in pure oxygen are com-

parable because of the third peak on Fig. 3b which is vis-

ibly a part of the second peak. According to Szabo et al.

[32], the first stage of the thermal decay is the decompo-

sition of the unsaturated fatty acids, mainly C18:1, C18:2

and C18:3 and the SCFA (C4–C6). This stage is considered

the most important and represents the initial phase of tri-

acylglycerol degradation. In this phase, the oxidation of

PUFAs occurs. The next stages of the curve represent the

decompositions of trans isomers of fatty acids and satu-

rated fatty acids. The TGA/DTG curves obtained from fat

extracted from goat’s milk chocolate in nitrogen and oxy-

gen atmosphere are presented in Fig. 4a, b. The TG dia-

gram is characterized by one transformation in nitrogen.

The maximum temperature observed on a DTG curve is

412.15 �C which is higher than for goat milk fat. The fat

extracted from goat’s milk chocolate is a mixture of cocoa

butter and goat milk fat. Ostrowska-Ligęza et al. [33]

obtained TGA/DTG diagrams for cocoa butter in nitrogen

with the maximum temperature at 414 �C. The blend of

two fats caused a slight decrease in maximum peak tem-

perature, yet similar value may suggest a bigger contribu-

tion of cocoa butter than goat milk fat in the fat phase. The

TGA/DTG curves representing a fat extracted from goat’s

milk chocolate under oxygen atmosphere are shown in

Fig. 4b. Similarly to Fig. 3b, four stages of transition were

obtained characterized by maximum temperatures

304.48 �C, 400.92 �C, 413.74 �C and 500.34 �C. The

fourth peak can be classified as mild, while the other three

peaks were characterized by a very sharp and distinct

course. Yet, differences between shape and course of TGA/

DTG curves for goat milk fat and fat extracted from goat’s

chocolate in oxygen atmosphere were significant enough.

The TGA/DTG curves for goat’s milk chocolate in nitro-

gen and an oxygen atmosphere are presented in Fig. 5a, b.

On TGA diagram in nitrogen, two events were observed;

however, on DTG curve three steps were distinguished. In

the case of the first peaks on DTG curve, a temperature

ranged from about 175.19 to 247.98 �C. The maximum

temperature for this peak occurred at 205.56 �C.

Materazzi et al. [6] had studied TGA curves for dark

chocolates and their ingredients in both, nitrogen and air

atmospheres. According to Materazzi et al. [6], the first

step of the DTG curve was obtained by sugar transforma-

tion. The similar results, provided by Ostrowska-Ligęza

et al. [33], were determined by TGA/DTG analysis of dark

and milk chocolates at different processing stages.

According to the manufacturer’s declaration, the sugar

content was 33%, the fat content was 46% and content of

cocoa butter and cocoa mass was minimum 64%. The goat
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milk fat came only from 12% addition of goat milk pow-

der. The content of sugar in goat’s milk chocolate, calcu-

lated on the basis of the DTG diagrams, was lower than in

milk chocolates [32]. According to Materazzi et al. [6] and

Ostrowska-Ligęza et al. [33], the second step is the release

of the cocoa liquor and the final is related to the mass loss

of cocoa butter. The second step in goat’s milk chocolate

was very distinct and the range of temperature 259.79 to

340.60 �C was very wide, like in dark chocolates. The third

peak, observed at a temperature ranged from 345.51 to

411.06 �C, was characterized by distinct course and sharp

shape (Fig. 5b). The content of fat in goat’s milk chocolate

was comparable to the level of fat content in dark choco-

lates (on the basis of the DTG curves for these products)

[32]. According to Materazzi [6], the nitrogen purging flow

gives a clear qualitative profile yet the quantitative inter-

pretation of the analysis is not allowed since inert flows

depress the complete decomposition, without a final con-

stant mass value. A decomposition is obtained in goat’s

milk chocolates by changing an atmosphere of measure-

ments to oxygen. The shape of the TG curve showed three

stages for goat’s milk chocolate. The first transition was

very mild, the second was sharper course and the third was

characterized by a very distinct shape finishing with a

plateau at 331.49 �C (Fig. 5b). The mass loss of goat’s

milk chocolate finished very rapidly. Similar results for

dark chocolate were obtained by Ostrowska et al. [33]. The

thermal decomposition of sugar was observed on the DTG

curve in the temperature range from 184.67 to 230.49 �C.

The second transition temperature on DTG curve ranged
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from 243.73 to 313.42 �C, corresponding to the thermal

decomposition of cocoa liquor (Fig. 5b). The presence of

the last peak indicated that the fat (cocoa butter and goat

milk fat blend) was oxidized. The DTG curve in oxygen for

goat’s milk chocolate showed intense peak at temperature

range from 310.31 to 326.99 �C, characterizing fat in

goat’s milk chocolate. Cocoa butter and goat milk fat

formed the eutectic mixture in goat’s milk chocolate;

however, the goat milk fat contribution was visibly smaller

than cocoa butter amount. The thermal behaviour of goat’s

milk chocolate was very similar to dark chocolate. How-

ever, information on the thermal properties of this choco-

late is scarce.

Kinetics and induction time of oxidation

The study of thermostability and fat thermo-oxidation is an

important problem of theoretical and practical importance.

The experimental onset and maximum temperature (Ton

and Tmax) obtained at seven heating rates (2.5; 4; 6; 7.5; 10;

12.5 and 15 �C min-1) are shown in Table 1. The Ton and

Tmax experimental values as a function of heating rates (b)

were recalculated on onset and maximum temperatures

(Ton and Tmax). Putting values of Ton or Tmax into the

Eq. (1):

Log b ¼ a 1=Ton=max

� �
þ b ð1Þ

where a and b are adjustable coefficients [10, 12, 34], a

linear correlation was found (R2[ 0.99 in each case). The
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Fig. 5 TGA and DTG curves of

goat’s milk chocolate in

nitrogen (a) and oxygen (b)

Table 1 DSC heating rates (b), oxidation onset and maximum temperatures (Ton and Tmax) for goat milk fat and fat extracted from goat’s milk

chocolate

Heating rate b �C-1 Oxidation onset temperatures Ton �C-1 Oxidation maximum temperatures Tmax �C-1

Goat milk fat Fat extracted from chocolate Goat milk fat Fat extracted from chocolate

2.5 161.54 ± 1.18 166.21 ± 0.49 221.17 ± 1.35 222.07 ± 1.90

4 168.84 ± 0.87 175.12 ± 0.85 233.44 ± 1.46 237.45 ± 1.11

6 178.24 ± 1.26 181.90 ± 1.12 244.47 ± 2.01 243.54 ± 1.53

7.5 182.70 ± 1.34 187.85 ± 1.31 249.98 ± 1.57 253.82 ± 088

10 190.21 ± 0.66 194.65 ± 1.07 262.62 ± 0.91 262.96 ± 1.76

12.5 194.21 ± 1.87 197.99 ± 0.96 266.23 ± 1.47 264.96 ± 2.09

15 198.66 ± 1.73 198.14 ± 1.05 272.51 ± 1.82 275.69 ± 1.69

Values represent means ± standard deviations
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regression analyses of the data are listed in Table 2. The

kinetic parameters of the oxidation process were calculated

based on the assumption that the amount of heat released in

the heat mode at a given time is proportional to the number

of reagents present. For established initiation conditions,

fat oxidation reactions occurring in excess of oxygen were

first-order reactions [10]. If the maximum temperature

increases linearly like the heat coefficient, then the Ozawa–

Flynn–Wall method [10, 11, 35–37] can be used to deter-

mine the activation energy Ea and the pre-exponential

factor Z. By using the transformation of constant temper-

atures (Tmax maximum, Ton onset), determined using the

DSC method, the approximate value of the activation

energy is calculated (2):

Ea ¼ � 2:19R
d log b
d 1=Tð Þ ð2Þ

where R is the gas constant, b the heating rate (�C min-1)

and T the temperature (K).

The value of the pre-exponential factor Z from the

Arrhenius equation was calculated from the dependence

(3):

Z ¼ bEae
Ea
RT

RT2
ð3Þ

The kinetic parameters for the goat milk fat and fat

extracted from goat’s milk chocolate are presented in

Table 2.

The goat milk fat onset temperatures were represented

by lower values than temperatures of fat extracted from

goat’s chocolate. The same tendency for maximum tem-

peratures was observed (Table 1). The activation energy Ea

for a goat milk fat was at the level of 73.17 (Ton) and 72.26

(Tmax) kJ mol-1, that is almost identical (Table 2). Sig-

nificant differences were observed between the values of Ea

for the fat extracted from goat’s milk chocolate. Chocolate

fat is a mixture of goat milk fat and cocoa butter. Cocoa

butter is characterized by bigger stability than goat milk

fat. Saldaña and Martı́nez-Monteagudo [38] determined

different kinds of fats and oils using differential scanning

calorimetry. The activation energy for cocoa butter at

isothermal conditions (160 �C, oxygen atmosphere) is

equal to 120.5 kJ mol-1. Sbihi et al. [21] investigated goat

milk fat. The fatty acids composition influenced on thermal

stability of goat milk fat. The authors stated that goat milk

fat contained a lower percentage of saturated fatty acid

(67.15%). Hence, compared to cow milk fat, goat milk fat

has higher digestibility. This is related to the lower mean

milk fat globule size [39] and the higher content of short-

and medium-chain fatty acids [40, 41]. A characteristic

feature of the cocoa butter is a high content of saturated

fatty acids—palmitic (C16:0), stearic (C18:0) and

monounsaturated oleic (C18:1) [42]. Kowalska et al. [43]

obtained the values of 26.2%, 34.4%, 37.3% and 2.1% for

palmitic acid, stearic acid, oleic acid and linoleic acid

(C18:2), respectively. The content of saturated fatty acids

has an influence on the thermal stability of fats. Induction

time at 100, 110 and 120 �C values obtained for goat milk

fat and fat extracted from goat’s chocolate are presented in

Table 2. The results show that the goat milk fat is char-

acterized by a lower induction time than fat extracted from

goat’s chocolate. The differences between the values of

induction time were significant. Induction time for goat

milk fat at 120 �C was equal to 21.95 min which was about

three times lower than for fat extracted from goat’s

Table 2 Regression analysis of the DSC data, activation energies (Ea), pre-exponential factors (Z) at onset and maximum temperatures (Ton and

Tmax), induction time at different temperatures

Parameter Oxidation onset temperatures Ton �C-1 Oxidation maximum temperatures Tmax �C-1

Goat milk fat Fat extracted from chocolate Goat milk fat Fat extracted from chocolate

- a 4019.2 ± 2.51 4515.6 ± 2.83 3969.1 ± 3.14 4053.2 ± 3.02

b 9.69 ± 1.42 10.68 ± 1.65 8.44 ± 0.89 8.57 ± 0.45

R2 0.998 0.997 0.991 0.994

Ea/ (kJ mol-1)-1 73.17 ± 5.82a 82.19 ± 4.39A 72.26 ± 5.21a 73.79 ± 4.58B

log Z 8.06 8.99 6.82 6.94

Z/(min-1)-1 1.14 9 108 9.95 9 108 6.59 9 106 8.72 9 106

Induction time min-1

100 �C-1 – – 101.70 ± 2.43c 152.08 ± 2.96C

110 �C-1 – – 46.67 ± 1.82b 108.34 ± 2.38B

120 �C-1 – – 21.95 ± 0.21a 62.89 ± 1.64A

Values represent means ± standard deviations. Different letters in a row indicate that the samples are considered significantly different at the 5%

level (P\ 0.05)
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chocolate—62.89 min. A similar pattern for all induction

temperatures was observed. The cocoa butter in mixture

caused the increase in induction time. The induction time

for cocoa butter, investigated at 120 �C by Rancimat

method, gave results from 9 to 15 h [44]. Cocoa butter was

characterized by six polymorphic forms and goat milk fat

by five polymorphic forms. Polymorphism had an influence

on the thermal stability of fats.

Conclusions

The melting characteristic determined for fat extracted

from goat’s milk chocolate proved a higher content of

cocoa butter in the mixture than a content of goat milk fat.

On the DSC melting curves of goat milk fat and fat

extracted from goat’s milk chocolate, the differences were

observed. The course of melting diagram of goat’s milk

chocolate differed from milk chocolate. TGA and DTG

curves for goat milk fat and fat extracted from goat’s milk

chocolate indicated differences between these fats. TGA

and DTG diagrams for goat’s milk chocolate in nitrogen

and in oxygen allowed to conclude about the amount of

chocolate ingredients. The TGA and DTG curves for goat

milk fat in oxygen indicated the existence of high-melting

triacylglycerols. Although the goat milk fat is characterized

by a high content of unsaturated fatty acids, the initial

temperatures of the oxidation process (onset) were rela-

tively high. Therefore, this fat can be characterized by high

oxidative stability. DTG diagrams for goat’s milk choco-

late showed a low content of sugar. The quality of goat’s

milk chocolate is satisfactory. This kind of chocolate can

be recommended for consumption due to its hypoallergenic

properties, good taste and slightly better digestibility in

comparison with typical milk chocolate.
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