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Introduction

Considering the adverse effects of saturated fatty acids and particularly trans-fats found in shortenings on
human health, the development and application of oleogels in food production have become essential. Oleogelation
is a valuable method for producing semi-solid and gel-like structures from trans-free unsaturated liquid oils.
Nowadays, multi-component oleogels, formulated by combining high-molecular-weight and low-molecular-
weight gelators, offer new horizons in the design of fat substitutes. In this context, the method of emulsifier
incorporation (whether as powder or molten mixture) may significantly influence both the physicochemical
properties and functional performance of the resulting oleogels. Moreover, utilizing compounds such as
methylcellulose (MC) in oleogel production typically requires complex and costly methods. To overcome this,
MC can be added to the molten mixture of emulsifiers and dissolved directly. The primary focus of this research
is to investigate the synergistic interplay between the specific ratios of Lactic Acid Esters of Mono- and
Diglycerides (LACTEM) and Diacetyl Tartaric Acid Esters of Mono- and Diglycerides (DATEM) and the
structural support provided by MC.

Materials and Methods

This study investigated the synergistic effect of combining LACTEM with DATEM at various ratios (30:10,
10:30, 40:0, 0:40) alongside a constant amount of Distilled Monoglycerides (DMG). Furthermore, the effect of
direct dissolution of MC (0% and 2%) on the textural, physicochemical, fatty acid profile, and Solid Fat Content
(SFC) of the resulting oleogels was evaluated in comparison with commercial shortening. The preparation method
involved melting the emulsifier blend at 70°C, followed by the direct addition and dissolution of MC at 80°C. This
molten matrix was cooled at 25°C for 24 h to initiate full co-crystallization of the surfactants and the polymer. In
the next step, the mixture was pulverized using a laboratory mill (spray chilling would be utilized at an industrial
scale). The resulting powder was then added to liquid canola oil at a concentration of 15% (w/w). The mixture was
heated to 70°C until the oil becomes completely transparent. Finally, the samples were cooled at 25°C for 24 h to
form the oleogel.

Results and Discussion

Regarding Oil Binding Capacity (OBC), some treatments exhibited a slight decline after 30 days; however,
samples containing LACTEM/DATEM and MC maintained their OBC throughout the 30-day period. In terms of
textural hardness, samples containing two different ratios of LACTEM/DATEM emulsifier, with and without MC,
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exhibited greater similarity to the control sample. Notably, samples with the higher DATEM ratio showed no
statistically significant difference compared to the shortening sample .Also, the peroxide value (PV) of the oleogel

samples was significantly higher than that of the shortening sample (p < 0.001). However, the rate of PV increase
during the second 15-day period was lower in all oleogel samples. Specifically, the LACTEM/DATEM10-30-MC2
sample exhibited the lowest rate of PV increase. In this sample, the peroxide value at day 30 increased by 1.93-
fold compared to day 15, whereas the shortening sample showed a 5.06-fold increase in peroxide value over the
same period. It should be noted that the peroxide value (PV) only reflects primary oxidation products; therefore,
for a more comprehensive assessment of oxidative stability and the formation of secondary oxidation products,
future studies are recommended to incorporate additional indices, such as the p-anisidine value (p-AV) or
thiobarbituric acid reactive substances (TBARS). Furthermore, despite the higher solid fat content (SFC) inherent
in conventional shortening, the optimized oleogels offered a superior nutritional profile, achieved through a 16.77—
17.7% reduction in saturated fatty acids and almost-total elimination of trans isomers.

Conclusion

In conclusion, the synergistic effect of low-molecular-weight emulsifiers and methylcellulose via direct
dissolution offers a viable strategy for promoting public health, as it effectively eliminates trans fats while
preserving the essential functional characteristics of the lipid system.
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3- Solid Fat Content (SFC)
4- Nuclear Magnetic Resonance Spectroscope (NMR)
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1- Gas Chromatograph (GC)
2- Flame-lonization Detector (FID)
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Table 2- Oil Binding Capacity of oleogel samples over 30 days

digos Jsl 595 09y 0SSyl 7 o5 ;\?SJ Pl (95 8ol cud b
sample Oil binding capacity on . _'° . Oil binding capacity on
day one (%) Oil binding capacity on day 30 (%)
day 15 (%)

LACTEM40-MCO 100 + 0.0009¢ 99.750 + 0.0141% 99.684 + 0.000724

LACTEM40-MC2 99.764 + 0.0014¢F 99.685 +.0.0212¢A 100 + 0.000%C

DATEM40-MCO0 99.989 + 0.0007%® 85.713 + 0.00492A 100 + 0.000%C

DATEM40-MC2 100 + 0.0009¢ 99.918 + 0.0028°A 99.932+ 0.0042°8
LACTEM/DATEM30:10-MCO 98.918 + 0.0014A 99.106 + 0.0021°8 99.782 + 0.0028°¢
LACTEM/DATEM30:10-MC2 99.939 + 0.0014¢%A 100 + 0.000® 100 + 0.000%8
LACTEM/DATEM10:30-MCO 99.53 6 + 0.0028°A 100 + 0.00™® 100 + 0.000%8
LACTEM/DATEM10:30-MC2 99.837 +0.00219A 100 + 0.000® 100 + 0.000%8

2 3 (A-C) ©gline 55 gy .ol (astiio jgy S5 50 adiges o (P < 0.05) s sxe (g )lo] glés oaimdyLis oyt yo 5 (B-F) cglise S8 g >
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Different lowercase letters (a-h) in each column indicate significant statistical differences among samples within a given day
(p < 0.05). Different uppercase letters (A-C) in each row indicate significant statistical differences for a given sample over time
(p < 0.05).
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1- Thiobarbituric-acid Reactive Substances (TBARS)
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Table 3- Peroxide value of oleogel samples, canola oil and shortenings over 30 days

Jol 595 STy s

o110 59, dwSTy dac

AV 59, damSTyp das

oS
Sar?le Peroxide valueonday 1  Peroxide value on day 15  Peroxide value on day 30
P Meq 02 kg-* Meq 02 kg-* Meqg 02 kg-!
LACTEM40-MCO 0.395 +0.0001°A 5.979 +0.0070°%8 17.931 + 0.0042"¢
LACTEM40-MC2 0.986 + 0.000°4 5.938 +0.0021°8 12.282 +0.00284¢
DATEM40-MCO0 0.987 +0.0002°A 4.393 +0.0028° 13.162 + 0.0035%¢
DATEM40-MC2 0.598 + 0.0002°A 3.319 +0.0014%8 9.816 + 0.0007"C
LACTEM/DATEM30:10-MCO 0.395 + 0.0004°4 4,763 + 0.004298 19.909 + 0.004'¢
LACTEM/DATEM30:10-MC2 0.748 + 0.0640% 5.947 + 0.0035¢%8 16.063 + 0.00289¢
LACTEM/DATEM10:30-MCO 0.395 + 0.0004°A 4.795 +0.0014% 13.536 + 0.0056/C
LACTEM/DATEM10:30-MC2 0.198 + 0.0003 5.939 + 0.0014°8 11.499 +0.0015%¢
(\::rj::)l‘:;i)l 1.993 + 0.0003% 5.984 + 0.0017¢°8 21.342 +0.0008i¢
( Ashr:f;)rtjrﬁf 0.3929 + 0.0003°A 1.181 +0.0007°8 5.983 +0.0011%¢
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Different lowercase letters (a-h) in each column indicate significant statistical differences among samples within a given day
(p < 0.05). Different uppercase letters (A-C) in each row indicate significant statistical differences for a given sample over time
(p < 0.05).
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Table 4- Textural properties and slip melting point of oleogel samples and shortenings

Wyl o o Ny o3 Lg ahail
Sample Hardness (g)  Adhesiveness (g.s)  Slip melting point (°C)
LACTEMA40-MCO 1.412 £0.1042 0.799 = 0.063? 41.501 £ 0.7072
LACTEMA40-MC2 3.645 = 0.169°¢ 2.111 £ 0.075°¢ 43.502 + 0.705°
DATEM40-MCO 5.864 + 0.139f 3.489 + 0.146° 48.504 +0.708¢
DATEM40-MC2 2.993 +0.183° 5.333+0.139f 50.503+0.0.706%
LACTEM/DATEM30:10-MC0  4.267 +0.080¢ 1.711+0.075° 48.501+0.705¢
LACTEM/DATEM30:10-MC2  4.570 +0.103¢ 4.971+0.150f 52.507+0.708¢
LACTEM/DATEM10:30-MC0O  5.280 + 0.090¢ 2.959+0.013¢ 55.503+0.705f
LACTEM/DATEM10:30-MC2  5.579 + 0.102¢f 3.622+0.077¢ 53.507+0.709¢f
s 5.024 +0.186°  2.956 % 0.026¢ 46.506 + 0.543°
Shortening
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Different letters indicate significant differences between the data (p<0.05).
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Fig. 1. Solid fat content (SFC) of optimized oleogel samples and shortening at different temperatures (10-35 °C)

Different lowercase letters (a-e) within each temperature cluster indicate significant statistical differences among
samples(p<0.05).
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Table 5- Fatty acids profile of oleogel samples, canola oil and shortening

Eae= L; '
- K VOW] ot .
e slbaw! ”e‘-;&“ S| Sl gid I Sdoid
i gl €18:3% ) T
oy C18:2%
Total trans Total
fatty acids saturated
fatty acids

Sl Syl ] S sl ol Sl

€18:1% €18:0% €16:0%

4iged
Sample

0.820+0.00° 17.265+0.021¢ 3.925+0.070° 33.645+0.070¢

0.780+0.00% 16.870+0.028¢ 4.061+0.001¢ 33.810+0.014¢ 40.645+0.007% 6.510+0.028" 10.275+0.035°
0.781+0.00° 17.730+0.042° 3.930+0.014° 33.065+0.071° 40.230+0.014° 6.815+0.035¢ 10.700+0.070°

0.790+0.00% 16.750+0.028° 3.985+0.07° 33.750+0.014¢ 40.560+0.007¢ 6.470+0.014° 10.170+0.042°

3.525+0.007¢ 52.410+0.028" 0.390+0.014% 6.785+0.0212

0.900+£0.00¢ 8.540+0.014* 4.925+0.035¢ 37.310+0.028° 44.635+0.063¢ 3.077+0.010% 5.570+0.4242

40.69+0.014¢ 6.705+0.021° 10.465+0.049°

35.105+0.0212 11.885+0.021¢ 39.425+0.077¢
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Different letters indicate significant differences between the data (p<0.05).
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