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SUMMARY

Addition of phytosterols and antioxidants to food may provide additional health ben-
efits to consumers. Their stability in a food matrix may decrease during storage. Therefore,
the objectives of this study are to formulate a salad dressing with cocoa butter and deter-
mine its phytosterol stability, antioxidant activity and physicochemical properties during
storage. The cocoa butter was extracted using a supercritical CO, extraction (green tech-
nology) and added to the formulated salad dressing (containing different ratios of cocoa
butter and soybean oil). The salad dressing with 30 % cocoa butter (the most stable emul-
sion) was selected for storage study at 4 and 30 °C. However, values of physicochemical
parameters and mass fractions of phytosterols, total phenolic compounds (determined us-
ing Folin-Ciocalteu reagent) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) in the salad dressing
with 30 % cocoa butter decreased during storage (from day 0 to 28) and increased with
the temperature increase, probably due to the oxidation of oil. Thus, the most desirable
storage temperature for salad dressing was 4 °C. An excellent stability of the salad dress-
ing with 30 % cocoa butter at different storage temperatures for 28 days offers a potential
application in food industries for production of salad dressing with cocoa butter enriched
with phytosterols.

Key words: phytosterols, antioxidant activity, cocoa butter, salad dressing, soybean oil,
physicochemical characteristics

INTRODUCTION

Phytosterols are present in vegetable oil at about 0.1-0.9 g/100 g and have a chemi-
cal structure similar to cholesterol (7). They exist in free and esterified forms (200-300 mg
per 100 g fat) in cocoa beans. Most abundantly found are f-sitosterol and stigmasterol,
amounting to 59 and 22 % of total phytosterols in cocoa beans, respectively (2). Natural
compounds such as phytosterols or tocopherols, as well as their antioxidant potential, are
of increasing interest today due to their health benefits. Many researchers have conducted
research on the addition of plant sterols to a wide range of foods such as margarine, yogurt
and salad dressing (3). Ntanios et al. (4) stated that daily consumption of a spread enriched
with 1.8 g phytosterol esters effectively reduces total plasma cholesterol, low-density li-
poprotein cholesterol, plasma apolipoprotein B and remnant-like particle cholesterol. The
rheology of salad dressing has also been investigated by several authors due to the im-
portance of finding an adequate formulation, process conditions and quality control (5).
However, no one has studied the effects of phytosterols from cocoa butter on the proper-
ties of salad dressing.

Oxidation can occur in phytosterols where sites of oxygen attack are C7 and tertiary car-
bon atoms in the side chain. It was found that the presence of an additional double bond at
the side chain may have both protective and stimulating effect during phytosterol oxida-
tion (6). The oxidative stability of lipid compounds, for example the opposition to oxidation
and the formation of oxidation products, is crucial for the foods enriched with phytosterols/
stanols (7). Oxidation reactions in phytosterols are more significant at temperatures above
100 °C. However, at lower temperatures, the significance of oxidation reactions increases
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with time. Although phytosterols and stanols are stable un-
der general food processing conditions, the oxidative stability
of new phytosterol-enriched foods must be established due
to complex interactions among other food constituents (7).

The storage of the samples for determination of phyto-
sterols must be handled with care since phytosterols are un-
stable components. Jekel et al. (8) established that after 6
weeks of storage, the content of phytosterols is reduced and
they are more stable in a non-lyophilised material (homoge-
nised diet) stored at —20 °C than in lyophilised material stored
at 4 °C.Thus, the objective of this research is to determine the
composition of phytosterols, antioxidant and physicochemi-
cal properties of newly developed salad dressing with cocoa
butter compared to control (0 %) and commercial salad dress-
ing during storage.

MATERIALS AND METHODS

Materials

Dried cocoa beans were purchased from Lembaga Koko
Malaysia (Jengka, Malaysia). Cocoa shells were removed man-
ually from the beans and nibs were smashed with a mortar
and pestle to approx. <1 mm in size. Cocoa butter used in
this study was extracted from the nibs using supercritical CO,
extraction and ethanol. For supercritical extraction we used
model PU-1580 Intelligent HPLC pump (Jasco Corporation, To-
kyo, Japan). A back pressure regulator model BP-1580-81 (Jas-
co Corporation) controlled the extraction pressure and sep-
aration. Approximately 20 g of cocoa nibs were loaded into
50-mL extraction vessel. Extraction with ethanol occurred at
78°C, 35 MPa pressure and a flow rate of 2 mL/min.The brand
of commercial salad dressing was Lady's Choice MayolLite
(Unilever, Kuala Lumpur, Malaysia). The ingredients include
soybean oil, egg, modifed starch, sugar, salt, vinegar, lemon
juice, potassium sorbate, phosphoric acid, citric acid, calcium
disodium EDTA and edible gum. Newly formulated dressing
was composed of soybean oil (Soya Lite, Subang Jaya, Malay-
sia), lemon juice, egg yolk, sodium benzoate, vinegar, sugar,
salt, and xanthan and Arabic gum (both from Markaids Sdn.
Bhd., Selangor, Malaysia).

Chemicals and standards

High-performance liquid chromatography (HPLC) grade
ethanol, methanol, diethyl ether and ethyl acetate were pur-
chased from Fisher Scientific (Loughborough, UK). Analyti-
cal grade anhydrous sodium sulfate, sodium hydrogen car-
bonate, potassium hydroxide and sodium carbonate were
purchased from Fisher Scientific, Folin-Ciocalteu reagent,
Trolox, gallic acid and standards such as 5-a cholestane, stig-
masterol, B-sitosterol and campesterol were purchased from
Merck (Darmstadt, Germany), 2,2-diphenyl-2-picrylhydrazyl
(DPPH) was from Sigma-Aldrich, Merck (St. Louis, MO, USA).
Deionised water was a PURELAB® Option-Q system from ELGA
LabWater (High Wycombe, UK).

Preparation of salad dressings with cocoa butter

Oil-in-water emulsions of oil-based salad dressing were
prepared using a mixer (Cornell Stand Mixer CSM-B210A; Cor-
nell, Petaling Jaya, Malaysia). Approximately 1.5 g xanthan
gum and 3 g gum Arabic were added into 140 mL of hot wa-
ter (80 °C), with slow stirring for at least 3 min. Then, sodium
benzoate (0.3 g), salt (6.0 g), sugar (18 g) and egg yolk (7.5 g)
were added. Next, 10 mL of vinegar were added into the solu-
tion to give a pleasant aroma and avoid aeration. Approximate-
ly 150 mL of blended oil was added slowly with slow mixing.
Blended oil was prepared by mixing soybean oil and cocoa
butter on a hot plate with continuous mixing (9). A prelimi-
nary study was conducted using 0 to 100 % of cocoa butter
added to salad dressing. However, addition of more than 50 %
cocoa butter into the salad dressing resulted in hard, non-
smooth and non-flowing texture of the dressing, thus 11 for-
mulations of salad dressing with less than 50 % cocoa butter
were prepared. The rheological properties and emulsion sta-
bility of salad dressing containing 30 % cocoa butter showed
insignificant (p>0.05) characteristics compared to control.
However, addition of 5 to 15 % cocoa butter to salad dressing
resulted in undesirable liquefied emulsions. Therefore, only
the salad dressings with 0 (which served as control) and 30 %
cocoa butter were selected for storage study.

Storage conditions for salad dressings

The salad dressings with 0 and 30 % cocoa butter were
prepared and placed in a transparent container similar to
the one for commercial salad dressing. All the samples were
stored at two temperatures, 4 and 30 °C, for 28 days. This stor-
age period was selected because storage after 28 days result-
ed in inappropriate texture, colour and appearance of oil on
top layer of the dressing, thus making it unsuitable for further
use. Storage temperature was chosen based on home and in-
dustry practices (70). Changes during storage at the different
temperatures were evaluated for 28 days at 7 days intervals.
The oil from commercial salad dressing and salad dressings
with 0 and 30 % cocoa butter stored at 4 and 30 °C was sepa-
rated by centrifugation at 1177xg (Sorvall™ Legend™ Micro 17;
Thermo Fisher Scientific, Waltham, MA, USA) for 10 min be-
fore further analysis.

Rheological analysis

Rheological analysis was done to compare the viscoelas-
tic properties of the salad dressing with cocoa butter during
28 days of storage at 4 and 30 °C using a dynamic controlled
stress rheometer (HAAKE RheoStress RS6000; Thermo Fish-
er Scientific, Karlsruhe, Germany). A diameter of the paral-
lel-plate geometry of 35 mm and a gap of 1T mm, measuring
device with a temperature unit and a programmable water
bath (HAAKE K20; Thermo Fisher Scientific) with a universal
temperature controller were used. The rheological measure-
ments (plotted rheograms of shear stress over shear rate)
were determined at 0 to 20 Pa, shear rate at 0.5 min~" and
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temperature was controlled at 20 °C. Power law model (flow
consistency index (K), flow index (n) and apparent viscosity
(n)) was used to describe the steady shear rheological prop-
erties of samples (9). The data were analysed using HAAKE
RheoWin 3 software (77).

Emulsion stability test

Emulsion stability was determined by measuring the mass
(g) of oil separated from the salad dressing after centrifuga-
tion. The newly formulated salad dressing with cocoa butter
and control were incubated at 50 °C for 24 h. Approximate-
ly 1 g of each sample was placed in the centrifuge tubes and
centrifuged for 10 min at 865xg (Sorvall™ Legend™ Micro 17;
ThermoFisher Scientific) at room temperature to separate the
top oil layer (72).

Oxidative analysis

Oxidative analysis was done to measure the number of
double bonds, oxidation process and amount of fatty acids in
the salad dressings. The iodine value measures the number of
reactive double bonds present in the salad dressing. A higher
iodine value indicates more double bonds present in the sal-
ad dressing. It was determined according to AOCS method Cd
1d-92 (13). Peroxide value was determined according to AOCS
method Cd 8-53 (74), which measures the primary oxidation
processes mainly from hydroperoxides present in the emul-
sion. The acid value (which is twice the free fatty acid value)
measures the amount of fatty acids in the sample. The amount
of free fatty acids in samples was estimated by determining
the volume of alkali that must be added into the dressing to
reach a neutral pH value. Acid value of the salad dressing was
determined according to AOCS method Ca 5a-40 (75).

Determination of phytosterols

About 200 mg of salad dressing were added into 50-mL
round-bottomed flask followed by the addition of 250 pL of
5-acholestane (1000 pg/mL) in methanol as internal standard
and 2 mL of 2 M KOH in methanol. The mixture was heated
under reflux at 90 °C for 1 h. After that, 4 mL of deionised wa-
terand ethyl acetate were added to the mixture. The aqueous
phase was washed three times with diethyl ether. Finally, the
diethyl ether solution was dried using anhydrous sodium sul-
fate, filtered and then dried in a nitrogen stream. The amount
of phytosterols present in the salad dressing was determined
using high-performance liquid chromatography (HPLC) cou-
pled with UV-Vis detector (1200 Series; Agilent Technolo-
gies, Santa Clara, CA, USA) and a C, narrow-bore column (150
mmx2.1 mm, 5 um; Supelco, Bellefonte, PA, USA) (76). In order
to quantify the mass fraction of phytosterols (ug/g) in the sal-
ad dressing mass, the following equation was used:

) V(extract)

w(phytosterol)=y(phytosterol)
m(sample)

n/

Determination of antioxidant activity

DPPH assay

Samples were extracted using an orbital shaker (Unimax
1010; Heidolph Instruments GmbH & CO. KG, Schwabach, Ger-
many) at 200 rpm with 70 % aqueous ethanol for 2 h at 50 °C.
The stock solution of the radical, prepared by dissolving 24
mg DPPH in 100 mL methanol, was kept in a refrigerator until
further use. The working solution of the radical was prepared
by diluting the DPPH stock solution with methanol to obtain
an absorbance of about 0.98 at 527 nm. Approximately 100
uL of salad dressing extract or standard solution were mixed
with 3 mL DPPH working solution. The mixture was vigorous-
ly mixed and left at room temperature in a dark room for 30
min. Absorbance (A) was measured with a spectrophotome-
ter (GENESYS™ 20; Thermo Fisher Scientific) at 517 nm using
Trolox as a standard (77). Antioxidant activity (%) was deter-
mined as follows:

Antioxidant activityzm-mo 12/

control

Total phenolic content

About 200 mg of salad dressing were extracted using an
orbital shaker (Unimax 1010; Heidolph Instruments GmbH &
CO. KG) at 200 rpm with 2 mL of 70 % aqueous ethanol at
room temperature for 2 h. The mixture was centrifuged at
1000xg (Sorvall™ Legend™ Micro 17; Thermo Fisher Scientif-
ic) for 15 min.Then, 200 pL of supernatant were mixed with 1.5
mL of Folin-Ciocalteu reagent and allowed to stand at room
temperature for 5 min. Approximately 1.5 mL of 0.566 M so-
dium hydrogen carbonate solution were added. After 90 min,
absorbance was read at 725 nm (GENESYS™ 20; Thermo Fish-
er Scientific). A calibration curve was obtained using gallic
acid as standard, and from it, total phenolic content was de-
termined and the results were expressed in mg of gallic acid
per 100 g of oil (78).

Statistical analysis

A one-way analysis of variance for all data was carried out
to determine the significance of the individual differences us-
ing Minitab 16 (79). Significant differences (p<0.05) among
the mean values were determined by Tukey’s test for one-way
ANOVA.

RESULTS AND DISCUSSION

Rheological properties of salad dressings

The flow consistency index (K) values of commercial sal-
ad dressing and dressings with 0 and 30 % cocoa butter were
analysed from 0 to 28 days at 4 and 30 °C. The viscosity of all
salad dressings increased during 28 days of storage (Table 1).
The flow consistency index value of salad dressing with 30
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Table 1. Flow consistency index (K), flow behaviour index (n) and apparent viscosity (1) of commercial salad dressing and salad dressings with 0

and 30 % cocoa butter during storage at 4 and 30 °C

Temperature/°C
Type pf salad t(storage) 2 30 2 30 2 30
dressing day
K/(Pa-s™) n n/(Pa-s)

0 (19.71+£0.06)>  (19.4+0.2)"? (0.45+0.01)% (0.45+0.03)° (2.7+1.0)% (2.6+0.4)%

7 (22.90+0.05)<  (20.40+0.05)<  (0.43+0.01)%° (0.44+0.04)" (2.9+0.2)% (2.7£1.0)%
Commercial 14 (24.70+0.06)82 (21.4+0.2)8¢ (0.42+0.06)° (0.43+0.04)82 (3.1£0.6) (2.8+0.5)¢

21 (27.67+0.01)%  (25.3+0.1)"° (0.40+0.04)°° (0.4+0.1)< (3.3+0.9) (2.9+0.1)8¢

28 (27.38+0.07)"  (25.51+0.07)* (0.4+0.1)% (0.41+0.03)P2 (3.4+0.1)% (3.240.1)"

0 (19.60+0.09)>  (19.2+0.3)"? (0.45+0.03)*° (0.4+0.3) (2.69+1.01)F (2.6+0.9)F

7 (22.53+0.08)®  (20.93%0.07) (0.43+0.06)5¢ (0.45+0.01)82 (3.0+0.7)° (2.6x1.0)%
0% cocoa butter 8a 8c Be a a -

14 (25.82+0.06) (22.9+0.2) (0.42+0.04) (0.44+0.04) (3.1£0.3) (2.8+0.4)
(control)

21 (29.49+0.02)*  (25.0+0.4)*° (0.41+0.02)< (0.43+0.03)"2 (3.3+0.9)% (3.0£0.1)8¢

28 (30.7+0.4)% (24.740.3)¢ (0.40+0.02)°¢ (0.42+0.03)t (3.4+0.4)% (3.1£0.7)A¢

0 (21.5£0.1)°2  (21.46+0.06)>*  (0.46+0.01)* (0.46+0.08)"° (2.7+1.0)F (2.6+0.3)F

7 (26.67+0.06)< (23.5+0.2)¢ (0.43+0.02)8° (0.45+0.01)82 (2.9+0.5)P2 (2.7+0.5)°¢
30 % cocoa butter 14 (27.5+0.3)82 (25.5+0.1)8¢ (0.42+0.03)<® (0.43+0.02)< (3.2+0.4) (2.9+1.0)

21 (29.2+0.1)%2 (27.3+0.3)Ac (0.40+0.02)°° (0.41+0.03)"2 (3.3+0.6)% (3.1£0.5)E¢

28 (29.87+0.06)**  (26.28+0.03)*°  (0.39+0.02)% (0.4040.02)% (3.5+0.3)% (3.1£0.8)A¢

Mean values in the same column with different capital letters are significantly different (p<0.05) between storage durations. Mean values in the
same row with different lower-case letters are significantly different (p<0.05) between different temperatures. Results are expressed as mean

value+tstandard deviation (N=3)

% cocoa butter (21.5 to 29.87 Pa-s") stored at 4 °C was higher
than of the dressing with 0 % cocoa butter (19.60 to 30.7 Pa-s")
and commercial salad dressing (19.71 to 27.38 Pa:s"). A high-
er value of K represents a more viscous consistency of emul-
sions (20), suggesting that the addition of cocoa butter en-
hanced the viscous properties of the salad dressing and acted
as thickener.The high viscosity of the salad dressing might be
due to a strong intermolecular force of the molecules within
the liquid. It is suspected that with longer storage, the struc-
ture of salad dressing became more stable due to its acidifi-
cation, thus supporting protein network, but too long storage
period resulted in dressing with hard texture. Higher values of
flow consistency index were found at 4 °C than at 30 °C (Table
1). Dimitreli and Thomareis (27) stated that the flow consisten-
cy index decreased with the increase in temperature, which
indicated that at high temperatures the apparent viscosity
value was reduced. As the temperature increases, the degree
of molecular motion also increases, thus reducing the short-
-range attractive forces between molecules and lowering the
viscosity of the liquid (22).

The flow behaviour index (n) indicates the degree of
pseudoplasticity. The greater the shear-thinning of the prod-
uct, the closer the n value to zero. All the n values for the con-
trol and the treated salad dressing were lower than 1, ranging
from 0.39to 0.46 (Table 1). A significant difference in n values
was observed among samples during storage, indicating that
they had quite stable gel-like structures. At the beginning of
storage, the n value was significantly (p<0.05) high of most
samples and then it decreased up to 28 days of storage. Addi-
tion of 30 % cocoa butter led to a more pronounced pseudo-
plastic behaviour of the dressing. At the beginning of storage
at4°C, salad dressing with 30 % cocoa butter exhibited signif-
icantly higher (p<0.05) flow behaviour index (0.46) than the

commercial salad dressing and the dressing with 0 % cocoa
butter (0.45), which indicates more elastic or gel-like struc-
ture of the dressing as a result of the incorporation of another
emulsifier and mixing soybean oil with cocoa butter instead
of the use of soybean oil alone. Overall, the flow behaviour
index of all samples increased with the increase in tempera-
ture, except at the beginning of storage (Table 1).

The apparent viscosity (n) test showed there was a signif-
icant increase (p<0.05) in viscosity during 28 days of storage
in commercial salad dressing sample (Table 1). Bienvenue et
al. (23) also observed that the apparent viscosity of concen-
trated skimmed milk increases significantly after storage for
6 h at 50 °C. The apparent viscosity of all types of salad dress-
ing used in this study decreased as the temperature increased,
which might be because the change in temperature affects
their physical characteristics. Similarly, Ahmed (24) found that
the apparent viscosity and flow consistency index of ginger
paste decreased significantly (p<0.05) with an increase in tem-
perature.

Analysis of emulsion stability

Emulsion stability of commercial salad dressing (Table 2) was
the highest (92.6 to 87.09 %), followed by the dressing with 30 %
cocoa butter (88.2 to 82.6 %) and 0 % cocoa butter (87.5 to 81.8
%). Leroux et al. (25) stated that pectin could be used to produce
stable emulsions in the same manner as gum Arabic. Therefore,
addition of gum Arabic to commercial salad dressing and dress-
ings with 0 and 30 % cocoa butter stabilised the emulsion. Emul-
sion destabilisation mechanism was proposed to be dependent
on several factors such as pressure difference between dispersed
and continuous phase, droplet size, and viscosity of the contin-
uous phase (26). In addition, it is important to highlight that the
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Table 2. Emulsion stability in different salad dressings during storage
at4and 30°C

Temperature/°C
'dr);ZSeSic:;alad t(storage)/day 4 30
Emulsion stability/%
0 (92.6+0.3)* (92.3+0.3)%
) 7 (92.1+0.4)8 (90.1£0.4)5
Commercial 14 (01.8:02%  (89.9+02)
21 (91.3+0.8)> (88.4+0.6)>
28 (91.2+0.2)F (87.09+0.08)«
0 (87.5+0.4)% (85.98+0.05)
7 (85.57+0.06)* (83.3+0.1)5¢
g:/:t;‘:ff;mrol) 14 (85.29£0.05)%°  (83.99+0.05)
21 (84.9+0.4)> (82.80.6)>
28 (83.1+0.8)F (81.8+0.2)
0 (88.2+0.4)* (87.9+0.1)%
7 (87.6%0.1)% (85.140.3)5¢

30 % cocoa

b 14 (86.9+0.1)< (84.2+0.1)<
utter
21 (85.25£0.02)°  (83.58+0.02)"°
28 (84.9+0.4)% (82.6£0.1)

Mean values in the same column with different capital letters
are significantly different (p<0.05) between storage durations.
Mean values in the same row with different lower-case letters are
significantly different (p<0.05) between different temperatures.
Results are expressed as mean valuexstandard deviation (N=3)

stability of salad dressing with 30 % cocoa butter was greater
than of that with 0 % cocoa butter. Table 2 shows that higher
emulsion stability of all samples was obtained at 4 than at 30 °C
on the 7th day of storage. Similar to this study, Abu Ghoush et al.
(27) found that the emulsion stability of mayonnaise significantly
decreased during storage with the increase of temperature from
4t0 23 and 40 °C. This could be due to the rapid flocculation and/
or coalescence of small droplets which occurs at increased stor-
age temperatures (27).

Oxidative stability of salad dressings

Salad dressings had lower iodine value (30.5 to 42.5 g/100 g)
at 30 than at 4 °C (31.9 to 42.9 g/100 g). Liauw et al. (28) stat-
ed that high temperature reduced the iodine value because it
initiates the breakdown of carbon chain bonding, thus form-
ing saturated carbon chain. Nevertheless, the iodine value of
commercial salad dressing and dressings with 0 and 30 % co-
coa butter stored at 4 and 30 °C was significantly (p<0.05) re-
duced during 28 days of storage (Table 3). The decrease in the
iodine value is consistent with the oxidation of the oil blends.
The observation of the droplet size and distribution in the salad
dressing suggested that the network build-up by oil droplets,
protein aggregates and gums was influenced by chilling and
extended duration of storage (29). The salad dressing with 30
% cocoa butter had high iodine value, but its oxidative stabil-
ity was relatively low. This might be due to the blend of cocoa
butter and soybean oil in the salad dressing resulting in high
double bond content.

Peroxide value of commercial salad dressing increased from
2.5 to 5.6 mmol/kg during storage for 28 days at 4 and 30 °C,
while of the dressing with 0 % cocoa butter it increased from
1.32 to 5.3 mmol/kg and of that with 30 % cocoa butter from
1.3 to 5.3 mmol/kg (Table 3). Siddique et al. (30) reported that
the vulnerability of oil to light and air at room temperature in-
creased the peroxide value. In this study, commercial and salad
dressing with 0 % cocoa butter have higher content of unsatu-
rated fatty acids (originating from soybean oil) than the dress-
ing with 30 % cocoa butter at the beginning of storage. High
peroxide value of commercial and salad dressing with 0 % co-
coa butter might be due to their oxidation during preparation.
According to Ramezani (37), the peroxide value of sunflower
oil stored in a clear PET packaging during 365 days increased
from 4 mmol/kg at 26.9 °C to 8 mmol/kg at 38 °C. In a study by

Table 3. lodine, peroxide and acid values in different salad dressings during storage at 4 and 30 °C

Temperature/°C
P g“’a'ad ““gifyge’ 4 30 4 30 4 30
lodine value/(g/100 g) Peroxide value/(mmol/kg) Acid value/(mg/qg)
0 (423202  (42.1£0.1)% (2.5£0.2) (2.6+02)% (1444005  (1.47£0.01)%
7 (39.9+03)%  (36.6+0.8)% (3.120.3)® (41£02)%  (1.50£0.02)%®  (1.62+0.02)%
Commercial 14 (36.4£0.2)%  (35.14£0.5) (3.4£0.2) (41£02)% (1533003  (1.63+0.02)%
21 (345402  (32.7+0.2)° (4.140.4) (5.0+05)%  (1.58£0.02)"  (1.66+0.02)"
28 (31.9+1.08  (31.3+0.2)% (4.20.1)" (56205  (1.64£0.02%  (1.68+0.02)"
0 (42.8£0.5)%  (42.5£03/% (1322009  (1.8£02)°  (1.55£0.04)  (1.56£0.03)
7 (41.0£0.7)%  (35.5+0.4)% (23202)%®  (3.59+0.08)°  (1.59+0.02®  (1.65£0.01)%
?CZ’ni:’c;g’a butter 14 (36.7£04)%  (33.14£0.5) (3.620.1)®  (418£0.09)%  (1.61£0.02)®  (1.6420.01)%
21 (35.7+0.7)>  (32.0£0.5) (4.0£0.3)% (5.020.3)%  (1.66£0.02/*  (1.72+0.03)™
28 (337207)%  (306£07)¢  (4.63+0.05)% (534020  (1.74£0.02)*  (1.79+0.01)%
0 (42.9£0.8)  (42.3+0.2)% (1.320.6)™ (17402  (1.46£0.03)%°  (1.48+0.02)<
7 (414205  (36.2+0.7)% (2.0£0.2)® (3.1£02)°  (1.49+0.03)®  (1.59+0.01)®
30 % cocoa butter 14 (405£0.7)°  (33.6+0.6) (2.5£0.2) (34£02)%  (1.51£001)*  (1.61+0.03)"
21 (38.7£0.2)%  (32.220.6) (3.720.2) (4.0£0.1)%  (1.54£0.03)®  (1.6320.01)"
28 (35.6£0.3)%  (30.5+0.4)% (4.70.2) (5320.1)  (1.6120.02)"  (1.70+0.04)"

Mean values in the same column with different capital letters are significantly different (p<0.05) between storage durations. Mean values in the
same row with different lower-case letters are significantly different (p<0.05) between different temperatures. Results are expressed as mean

valuezstandard deviation (N=3)
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Sengar et al. (32) hydrogenated palm kernel oil blended with
butter in ratio 3:1 and 3:2 with different physicochemical pa-
rameters and free fatty acid content was found to easily oxidize
at room temperature after ten months of storage in compari-
son with refrigerated storage. The refrigerating condition was
efficiently proven to control oxidation in control samples up to
the sixth month of storage in any of the packaging materials. In
this study, salad dressing with 30 % cocoa butter had the low-
est peroxide value, which indicates that the addition of cocoa
butter reduced the salad dressing oxidation.

Table 3 shows that longer duration of storage resulted in
higher acid value. On the final day of storage at 4 °C, the sal-
ad dressing with 30 % cocoa butter had lower acid value than
commercial and salad dressing with 0 % cocoa butter. It seems
that the presence of unsaturated fatty acids (linoleic and oleic
acids) in soybean oil increased the acid value of commercial
and salad dressing with 0 % cocoa butter. Canakci (33) stated
that deterioration of the oil occurred easily due to the oxidation
of the unsaturated fatty acids. The acid value of biodiesel sam-
ples also increased with increasing storage time as a result of
hydrolysis of fatty acid methyl esters to fatty acids. This might
be due to the storage conditions with a large air surface contact
of biodiesel or due to the fatty acid composition of the vegeta-
ble oils used as raw materials (34). The acid values were higher
at 30 °C than at 4 °C (Table 3). Similar results were obtained by
Liauw et al. (28). They studied the effect of extraction temper-
ature from 30 to 55 °C of neem oil using n-hexane and ethanol
on its acid value. The high temperature during the extraction
process may increase the acid value since the temperature in-
fluences the hydrolysis of the sample (35).

Zyzelewicz et al. (36) concluded that cocoa butter has high
oxidative stability due to its chemical composition, i.e. high
content of saturated fatty acids and natural antioxidants (to-
copherols and tocotrienols). The salad dressing with 30 % cocoa

butter had the highest iodine value, and the lowest peroxide
and acid values compared to commercial and salad dressing
with 0 % cocoa butter, which suggests that this salad dressing
can be stored at low temperature for a long period with low
deterioration.

Phytosterol content in salad dressings

The phytosterol content in cocoa butter and soybean oil
was determined before their addition to the formulated salad
dressing (data not shown). Soybean oil had the highest mass
fraction of campesterol (2028 ug/g), followed by f-sitosterol
(1537 pg/g) and stigmasterol (1423 pg/g), while cocoa butter
had the highest amount of -sitosterol (2294 pg/g), then camp-
esterol (2029 pg/g) and stigmasterol (1665 pg/g). Cocoa butter
had a higher total content of phytosterols (5988 pg/g) than soy-
bean oil (4990 pg/g). The content of phytosterols in the salad
dressing during storage is shown in Table 4. Total phytosterol
content in commercial salad dressing was significantly (p<0.05)
higher at the beginning of storage at 4 and 30 °C than after 28
days of storage, and a similar decreasing pattern in total phy-
tosterol content was observed in salad dressings with 0 and 30 %
cocoa butter.

The increased storage temperature decreased the phytos-
terol contentin all salad dressing samples. Osada et al. (37) stud-
ied the loss of phytosterols or sterol oxide during heating of
cholesterol at 100 °C for 24 h. Nourooz-Zadeh and Appelqvist
(38) found that the total amount of phytosterols decreased with
prolonged storage. They indicated that phytosterol oxidation
products occurred with the loss of phytosterols in wheat flour
from 2 to 36 months storage, increasing from 35 to 328 ug/g.
Food enriched with phytosterol that has been exposed to light,
heat, air, water and metal ions (oxidation-promoting factors)
has a high amount of sterol oxidation products due to the free

Table 4. Phytosterol content in different salad dressings during storage at 4 and 30 °C

Temperature/°C
I;’EZ of e 4 30 4 30 4 30 4 30
dressing day w(phytosterol)/(ug/q)

Campesterol Stigmasterol [-sitosterol Total phytosterols
0 (1658+0.06)**  (1680+0.05)*  (1530+0.02)"* (1516+0.03)"* (1845+0.07)"*  (1839+0.04)**  (5033+0.09)"* (5005+0.05)"
. 7 (1674+0.07)*  (1641+0.03)"°  (1491+0.08)%* (1459+0.01)% (1804+0.07)%  (1792+0.07)%  (4969+0.01)%  (4892+0.09)%
Commercial 14 (1639+0.02/° (1626+0.02% (1447+0.06)% (1426:0.03) (1787+0.07)% (1766005} (4873£0.01)@ (4818+0.04)
21 (1604+0.02)*  (1593+0.07)®° (1335+0.04)% (1299+0.10)>® (1767+0.08) (1758+0.02)% (4706+0.02)>* (4650+0.09)°°
28 (1589+0.02)* (1568+0.01)°® (1317+0.06) (1292+0.03)> (1658+0.01)>* (1626+0.06)*® (4564+0.08)"  (4486+0.10)
0 (1636+0.04)*  (1631+0.05)* (1517+0.01)* (1502+0.02)* (1814+0.03)**  (1806+0.02)**  (4967+0.06)**  (4939+0.08)*
0% cocoa 7 (1626£0.06) (1606+0.05)® (1414+0.01)* (1401£0.01)% (1775£0.02)% (1767+0.02) (4815£0.01)% (4774+0.07)®
butter 14 (1621£0.09)%  (1592+0.01)°  (1402+0.02)%  (1348+0.04)% (1765+0.04)% (1737+0.06)® (4788+0.01)% (4677+0.02)«
(control) 21 (1606+0.03)5%  (1570+0.03)°¢ (1370+0.01)5* (1324+0.02)°® (1735+0.01)5¢ (1714+0.05)°> (4711+0.08)* (4608+0.06)>
28 (1588+0.01)%  (1555+0.01)%  (1342+0.01)% (1315+0.03)>® (1706+0.03)* (1691+0.01)®  (4636+0.05)°* (4561+0.04)
0 (1815+0.04)*  (1809+0.05)**  (1507+0.01)"*  (1495+0.09)"* (1837+0.02)"* (1837+0.06)**  (5159+0.07)"* (5141+0.03)*
7 (1716+0.02)*  (1705+0.05)%  (1494+0.07)"* (1468+0.02)®* (1838+0.07)"* (1817+0.02)%  (5048+0.02)"* (4990+0.03)°
zﬂ:{oetr:ocoa 14 (1709+0.07)**  (1689+0.01)° (1450+0.01)** (1448+0.09)5¢ (1787+0.02)"* (1735+0.06) (4946+0.02)"* (4872+0.02)®
21 (1689+0.01)*  (1659+0.07)°  (1451+0.02)* (1425+0.06)® (1751+0.05)* (1717+0.02)® (4891+0.02)** (4801+0.05)°°
28 (1622+0.02)"  (1609+0.02)™  (1368+0.04)** (1378+0.07)°* (1747+0.04)*  (1699+0.06)*®  (4737+0.03)** (4686+0.10)%

Mean values in the same column with different capital letters are significantly different (p<0.05) between storage durations. Mean values in the
same row with different lower-case letters are significantly different (p<0.05) between different temperatures. Results are expressed as mean

value+tstandard deviation (N=3)
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radical process of sterol autoxidation (39). The exposure of salad
dressing to the air and the addition of water during preparation
may have contributed to the loss of phytosterols in this study.

Higher content of phytosterols was found in the dressing
with 30 % cocoa butter at the different storage temperatures
than in commercial and salad dressing with 0 % cocoa butter
(Table 4). Higher content of phytosterols in cocoa butter than in
soybean oil probably contributed to higher phytosterol content
in the salad dressing with 30 % cocoa butter than in commer-
cial and dressing with 0 % cocoa butter. The blending of the oils
resulted in high content of phytosterols. Phytosterol oxidation
was faster in the emulsion than in the oil. Interfacial tension
measurement showed that phytosterols have a high degree of
surface activity that allows them to move to the oil-water inter-
face of the emulsion droplets (40).

Antioxidant activity in salad dressings

Table 5 shows that during 28 days of storage at 4 °C, the
antioxidant activity of commercial salad dressing (48.8 to 44.16
%) decreased significantly (p<0.05). Similar was observed for
salad dressings with 0 % (44.7 to 22.3 %) and 30 % cocoa but-
ter (52.79 to 47.4 %). During storage, the deterioration of the
phenolic compounds probably resulted in decreased antiox-
idant activity. The antioxidant content also decreased as the
temperature increased. Gazzani et al. (41), who compared the
effect of different temperatures (2, 25 and 102 °C), stated that a
higher temperature may affect the antioxidant activity of veg-
etable samples. The highest antioxidant content was found in
salad dressing with 30 % cocoa butter compared to commercial
and salad dressing with 0 % cocoa butter at different temper-
atures. The highest antioxidant activity obtained in the salad
dressing with 30 % cocoa butter might be due to the presence

of cocoa butter mixed with soybean oil instead of soybean oil
alone. Our preliminary results indicated that cocoa butter con-
tained a high amount of antioxidants (84 %) compared to soy-
bean oil (46.39 %). Thus, blending the cocoa butter with soy-
bean oil proved to increase the level of antioxidants in the salad
dressing compared to the formulation with soybean oil alone.

High phenolic content contributes to high antioxidant ac-
tivity. Table 5 shows changes in total phenolic content and deg-
radation during storage for 28 days at 4 and 30 °C. Significant-
ly, the highest phenolic content at 4 and 30 °C was obtained in
the salad dressing with 30 % cocoa butter (7.41 to 6.56 mg/100
g) compared to commercial (5.87 to 3.27 mg/100 g) and salad
dressing with 0 % cocoa butter (4.77 to 3.45 mg/100 g) due to
the addition of cocoa butter, which has high phenolic content
(28.77 mg/100 g) compared to soybean oil (4.70 mg/100 g).
Nevertheless, Abramovic et al. (42) observed the reduction of
polar phenolic content in the Camelina sativa oil after storage
at 50 and 65 °C for 44 days, when the content of phenolics in
the oil started to decrease after 7 days of storage. Okogeri and
Tasioula-Margari (43) also reported that during storage of virgin
olive oil under diffused light at 6 and 18 °C for 6 months, about
60 % reduction of total phenols occurred, indicating their rap-
id degradation. There was a decrease of phenolics in commer-
cial salad dressing and all salad dressing with cocoa butter as
the temperature of storage increased (Table 5). A relationship
study between oxidation and antioxidant activity in krill oil by
Lu et al. (44) revealed that the antioxidant activity was not stable
at high temperatures (20 and 40 °C) and the presence of both
tocopherol and phospholipids or synergism between them
might also contribute to the oxidative stability of the oil. It is
clearly demonstrated that the increase of temperature led to
an increase of lipid oxidation in oil.

Table 5. DPPH assay and total phenolic content in different salad dressings during storage at 4 and 30 °C

Temperature/°C
w(DPPH )/% w(total phenolics)/(mg/100 g)

0 (48.820.2) (48.520.2)M (5.8720.01)" (5.6520.01)"
. 7 (47.39+0.06)% (46.320.2)F¢ (5.3420.01)% (4.6520.01)6¢
Commercial 14 (46.820.1)% (45.320.1)° (4.840.01) (4.15£0.01)C
21 (46.4+0.1)° (44.8+0.2)°¢ (4.22+0.04)> (3.57+0.03)°
28 (45.89+0.03)% (44.16£0.09)5 (3.520.1)F (3.270.01)E¢
0 (44.7+0.1)% (43.320.2)" (4.7720.01)P (4.5620.01)
7 (43.8£0.4)% (35.820.6)°¢ (4.2620.02) (4.0820.02)F¢
?sz’n‘tff(;‘)’a butter 14 (41.43+0.06) (30.34+0.05) (4.03+0.06)C* (3.90+0.03)c
21 (39.7+0.2)0 (24.520.2)°¢ (3.70£0.01)% (3.52+0.01)°
28 (38.3£0.6)% (22.30.2)f¢ (3.6420.02)% (3.4520.02)F¢

0 (52.7920.01) (52.220.5)" (7.41+0.01)% (7.420.1)
7 (51.92+0.07) (50.7+0.4)° (7.39+0.01)% (7.00+0.03)#°
30 % cocoa butter 14 (51.4240.03) (49.7+0.2)° (7.07+0.01) (6.76£0.01)C
21 (50.820.2)° (48.7+0.5)° (6.96£0.01)% (6.71£0.01)°
28 (50.30.2) (47.420.2)F (6.75£0.03) (6.5620.03)E¢

Mean values in the same column with different capital letters are significantly different (p<0.05) between storage durations. Mean values in the
same row with different lower-case letters are significantly different (p<0.05) between different temperatures. Results are expressed as mean

valueztstandard deviation (N=3)
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CONCLUSIONS

An increase in temperature from 4 to 30 °C after 28 days of
storage significantly (p<0.05) affected the physical parameters
of control, salad dressing with 30 % cocoa butter and commer-
cial salad dressing (flow consistency index, flow behaviour in-
dex, apparent viscosity, iodine value, peroxide value and acid
value). Emulsion stability test showed insignificant (p>0.05)
differences in all salad dressings at different storage temper-
atures. However, significantly (p<0.05) low amount of phytos-
terols was observed after 28 days of storage at 30 °Cin all salad
dressings. All salad dressings stored at refrigerated temperature
(4 °C) were able to resist the oxidation and loss of compounds
compared to those stored at 30 °C. The DPPH, total phenolic
and phytosterol contents also decreased as the temperature in-
creased from 4 to 30 °C during storage from 7 to 28 days. Thus,
it was concluded that 4 °Cis a suitable temperature to keep the
salad dressing even though the cloudiness of the dressing was
higher than at 30 °C. Adequate storage temperature of salad
dressing with cocoa butter is crucial for industrial application in
order to maintain its high quality and preserve bioactive com-
pounds in it during storage.
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