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5- Differential scanning calorimetry (DSC)
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Table 1 Fatty acid composition of canola oil (CO), palm kernel stearin (PKS), commercial butter (CB)

and blends of CO and PKS
Fatty CB PKS CO CO:PKS CO:PKS
acids (93:7) (90:10)
C6:0 1.75+0.00 - - - -
C8:0 1.10+0.01 1.88+0.00 - 0.13 0.19
C10:0 2.64+0.01 2.73+0.00 - 0.19 0.27
C12:0 3.38+0.01 54.33+0.00 - 3.80 5.43
C14:0 11.09+0.01 21.514+0.00 - 1.51 2.15
Cl4:1 0.14+0.00 - - - -
C15:0 0.99+0.01 - - - -
C15:1 0.194+0.00 - - - -
C16:0 38.19+0.01 9.55+0.00 3.924+0.01 431 4.48
Cl6:1 1.684+0.00 - - - -
C17:0 0.63+0.01 - - - -
C17:1 0.2040.00 - - - -
C18:0 9.734+0.00 9.36+0.00 1.754+0.00 2.28 2.51
C18:1 24.74+0.02 0.60+0.00 56.71£0.00 52.78 51.10
C18:2 2.63+0.00 - 31.77+0.00 29.55 28.59
18:3 - - 4.91+0.00 4.57 442
C22:0 - - 0.29+0.01 0.27 0.26
SFA 69.43+0.13 99.37+0.01 5.96+0.00 12.50 15.30
MUFA 26.97+0.01 0.60+0.00 56.71£0.00 52.78 51.10
PUFA 2.63+0.00 - 36.68+0.00 34.11 33.01
UFA 29.60+0.00 0.60+0.00 93.39+0.00 86.89 84.11
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TFA 0.97+0.00 0.03+0.00

0.65+0.00

0.61+0.00 0.60+0.00

Data are shown as means + standard deviation of three replicates. SFA: sum of saturated fatty acids;
MUFA: sum of monounsaturated fatty acids; PUFA: sum of polyunsaturated fatty acids; UFA: sum of

unsaturated fatty acids; TFA: Trans fatty acids.
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Table 2 Thermal characteristics of the structured W/O emulsion samples

Sample Thermal characteristics
code Tonset (°C) Tpeak("C) Toitset(°C) AH (J/kg) SMP (°C)
P7GO60 19.23+0.00  28.77+0.00  38.324+0.00 7.86+0.00 38.35+0.01
P7S060 19.20+0.00  28.74+0.00  38.28+0.00 7.86+0.00 38.33+0.00
P7GO70 19.32+0.00  28.86+0.00  38.40+0.01 7.89+0.00 38.39+0.00
P7S0O70 19.26+0.00  28.80+0.00  38.34+0.00 7.87+0.00 38.37+0.00
P7GO80 19.45+0.00  29.01+0.00  38.56+0.00 7.94+0.01 38.45+0.00
P7S080 19.40+0.00  28.90+0.00  38.41+0.00 7.90+0.00 38.43+0.00
P10GO60  28.12+0.00  34.61+0.00  41.13+0.00 9.46+0.00 41.17+0.01
P10SO60  28.12+0.00  34.61+0.00  41.13+0.00 9.46+0.00 41.16+0.01
P10GO70  28.40+0.00  36.17+2.31 41.20+0.00 9.52+0.00 41.23+0.01
P10SO70  28.36+0.00  34.77+0.00  41.19+0.00 9.51+0.00 41.21+£0.00
P10GO80  28.53+0.00  35.44+0.00  41.26+0.00 9.68+0.00 41.28+0.00
P10SO80  29.46+0.00  35.34+0.00  41.23+0.01 9.66+0.00 41.26+0.00
CB 36.64+0.00  49.53+0.00  60.42+0.00 166.82+0.00  35.89+0.00

Data are shown as means + standard deviation of three replicates. Tonse= Initial temperature of

[ DOI: 10.22034/FSCT.22.162.199 ]

melting; Tpeak= Peak temperature; Tofser= Final temperature of melting; AH= Enthalpy of the
peak; SMP= Slip melting point; PG/SO=Palm kernel stearin, Glycerol monostearate/Sorbitan
monostearate, Oil ratio (P7&10% and O 60, 70&80%); CB= Commercial butter.
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Table 3 Physicochemical properties, physical stability and oxidative stability of structured
W/O emulsion samples

Sample code
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Textural Oxidation CS (%) OL (%) RS (%)
properties- stability-
Hardness (g Oxitest (h)
force)

P7GO60 59.96+0.15 1.12+0.00 100.00£0.00  0.91£0.01 0.00-0.00
P7S060 84.02+0.09 4.234+0.00 100.00£0.00  2.03+0.06  0.00+0.00
P7GO70 38.03+0.06 8.29+0.00 100.00-+0.00 1.04+£0.13  0.00£0.00
P7S070 130.86+0.41 11.04+0.00 98.80+0.01 1.22+0.08  4.37+0.00
P7GO80 35.10+0.10 12.30+£0.00  100.00+0.00  2.44+0.04  0.00+0.00
P7S080 153.01+0.08 13.17+£0.00  100.00+0.00  2.68+0.04  0.00+0.00
P10GO60 84.70+0.01 3.15+0.00 100.00+£0.00  0.93+0.06  0.00+0.00
P10SO60 100.99+0.00 5.32+0.00 100.00£0.00  2.12+0.02  2.50+0.10
P10GO70 53.50+0.00 11.58+0.00  100.00+0.00 1.12+0.11 0.00-£0.00
P10SO70 158.06+0.05 12.05+0.00  100.00+0.00 1.15+0.01 3.75+0.01
P10GO80 49.80+0.00 12.31+£0.06 ~ 100.00+£0.00  2.10+0.11 0.00-£0.00
P10SO80 185.02+0.59  15.18+0.00 98.00+1.00 2.65+0.05  5.00+1.00
CB 193.45£0.00  41.61£0.00 100.00£0.00  0.00£0.00  0.00+0.00

Data are shown as means + standard deviation of three replicates.CS=Centrifugal stability;

OL=0il loss; RS=Refrigerator

stability;

PG/SO=Palm kernel

stearint  Glycerol

monostearate/Sorbitan monostearate+ Oil ratio (P7&10% and O 60, 70&80%); CB=

Commercial butter.
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Table 4 Sensory evaluation of the structured W/O emulsion samples prepared in this study
(means+SD)

Sample Sensory evaluation
name H S L M R F MC
P7GO60  4.23+1.66 0.66+0.01 0.40+0.00 0.85+0.00 0.14+0.00 2.16+0.05 2.51+0.01
P7S060  3.86+0.05 1.25+0.00 1.85+0.00 0.82+0.01 0.13+0.00 2.26+0.02 2.75+0.00
P7GO70  5.76+0.41 2.13+£0.02 3.81+£0.01 0.92+0.02 0.11+0.00 2.75+0.00 2.91+0.00
P7SO70  4.27+0.01 1.35+0.01 2.25+0.01 0.95+0.00 0.17+0.00 2.65+0.00 2.72+0.01
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P7GO80  4.62+1.14 1.00+0.10 4.11+0.01
P7S080  4.17£0.06 2.23+0.05 3.36+0.11
P10GO60 4.10+0.17 0.85+0.01 0.71£0.01
P10SO60  6.13+0.02 7.73+0.02 8.13%0.11
P10GO70 7.71+£0.01 5.43+£0.05 5.95+0.01
P10SO70 7.97+0.02 6.13£0.02 5.45+0.00
P10GO80  7.11+0.01 8.06+0.05 6.10+0.01
P10SO80  7.65+0.00 5.75+0.00 5.71+0.01

CB 3.71£0.00 7.94+0.00 5.41+0.00

0.46+0.01 0.19+0.00 3.00+0.17 2.96+0.00
0.61+0.01 0.13+0.00 2.86+0.02 2.81+0.01
0.83+0.04 0.12+0.00 2.81+0.01 3.51+0.00
0.65+0.00 0.23+0.01 2.53+0.02 3.66+0.01
0.52+0.02 0.28+0.00 2.23+0.02 2.76+0.00
0.45+£0.01 0.26+£0.00 2.36+0.01 2.61+0.01
0.65+0.00 0.21+£0.00 2.57+0.01 2.54+0.00
0.74+0.00 0.22+0.00 2.41+0.01 2.41+0.01
2.09£0.00 1.49+0.00 7.28+0.00 2.91+0.00

Data are shown as means =+ standard deviation of three replicates. H=Hardness;
S=Spreadability; L=Liquefaction, M= Milky; R=Rancid; F= Fatty; MC= Mouth coating;
PG/SO=Palm kernel stearin, Glycerol monostearate/Sorbitan monostearate, Oil ratio (P7&10%

and O 60, 70&80%); CB= Commercial butter.
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This study investigates the production and evaluation of low-
saturated, trans-fat-free water-in-oil (W/O) structured
emulsions based on canola oil and lipidic oleogelators as a
butter substitute. This research aims to create emulsions by
utilizing canola oil, which is low in saturated fatty acids and
high in unsaturated fatty acids such as linolenic and oleic acid,
that are nutritionally and functionally comparable to or superior
to commercial butter. In this study, palm kernel stearin used as
the hard component, along with two types of emulsifiers:
glycerol monostearate and sorbitan monostearate. Their
properties were evaluated, including fatty acid composition,
thermal stability, physical stability, and textural and sensory
characteristics. The results showed that increasing the
percentage of palm kernel stearin led to increasing for hardness
and thermal stability of emulsions, while the choice of
emulsifier type had a significant effect on physical and oxidative
stability.  Additionally, samples containing sorbitan
monostearate showed higher physical stability compared to
those with glycerol monostearate. The findings from this study
suggests that the produced structured emulsions could serve as
a suitable substitute for butter in the food applications without
compromising the sensory and functional quality of the final
product. This research highlights the high potential of modified
vegetable oils for producing healthy and high-quality food
products.
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