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Abstract
The present study aimed to explore the potential of bio-surfactant-based 
microemulsions (MEs) for extracting canola oil from canola press cake (CPC), a 
by-product of the oil industry. Lecithin, Tween 20, Tween 80, and Span 80, both with 
and without co-surfactants, were utilized to formulate ME premixes. The premixes 
were then combined with CPC at different ratios and subjected to centrifugation. 
For the Tween formulations, the effects of natural (pH  6.1) and alkaline (pH  10.0) 
conditions were also examined. Pure lecithin did not extract any oil, but when 
combined with CPC at a 1:3 ratio (CPC: premix [water:1-propanol: lecithin = 75:20:5 
wt%]), approximately 50% of the oil was extracted, mostly in emulsified form. In 
contrast, using Tween 80 (at 70°C, with a CPC: premix ratio of 1:8 and natural pH), 
about 27% of residual oil from the CPC was extracted as free oil. Interestingly, under 
alkaline pH (10.0), Tween: water premix (0.15:99.85 wt%) at a 1:4 premix: CPC ratio 
resulted in the recovery of 40 – 50% of the oil from the CPC in emulsified form. These 
findings revealed the potential of the tested surfactants for partial oil extraction 
from CPC. The effectiveness of very low concentrations of Tweens under alkaline pH 
requires further investigations.

Keywords: Microemulsion; Plant oil extraction; Biodegradable surfactants; Canola; 
Lecithin; Tween

1. Introduction
Vegetable oils are naturally accumulated in oil-bearing structures (i.e., oleosomes) 
as emulsified droplets stabilized by a unique protein-phospholipid membrane.1-2 
Some processes such as crushing, milling, mechanical pressing, and cooking can 
partially or completely disrupt the cellular structure and oleosomes of oil-bearing 
plants (i.e., oilseeds, nuts, and oil fruits). As a result, some of the oil, which was 
originally entrapped inside the oleosomes, is released as free oil, while the remaining 
oil remains attached to the crushed structures.3-5 From a mechanical perspective, 
depending on the intensity of these physical processes, a fraction of the oil may 
remain in the intact oleosomes, but the majority of the oil is physically adsorbed 
onto the solid surfaces. At present, the portion of oil that is already released from 
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oleosomes but still attached to particle surfaces is 
commercially recovered using organic solvents such 
as hexane.6 Nevertheless, due to environmental and 
health-related issues associated with organic solvents, 
the oil industry is actively seeking greener, more 
environmentally friendly substitutes. One promising 
alternative is the surfactant-assisted aqueous extraction 
and/or microemulsion (ME) technique.7

MEs are colloidal systems that typically contain water, 
oil, surfactants, and sometimes other components, such 
as salts, solvents, co-surfactants, and co-solvents, mixed 
in specific proportions. The interfacial tension of MEs 
is generally ultra-low (i.e., 0.01 – 0.0001  mN/m), which 
gives them strong emulsification and high solubilization 
capacities. Depending on their fluidity, MEs can easily 
penetrate solid surfaces through capillary pores, allowing 
them to solubilize, disperse, or remove attached oils 
upon contact with a substrate.7-10 While the mechanisms 
for extracting or recovering oil and other hydrophobic 
components from various matrices using MEs are not yet 
fully understood, current reports (primarily non-food 
applications) suggest that oil removal from matrices can be 
achieved through three mechanisms: roll-up or roll-back, 
snap-off, and diffusion or micellar solubilization.7

Considering the crucial role of surfactants in the 
creation of MEs, the selection of surfactants is critical 
due to their effects on formulation, functionality, 
and even the gastrointestinal fate of MEs. Two major 
concerns that should be concurrently considered are 
efficacy and safety, especially when the surfactant is 
intended for use in an ME system that will eventually 
be consumed by humans.7,11 In addition to natural 
surfactants, food-grade synthetic surfactants and non-
food-grade extended surfactants have also demonstrated 
their abilities to facilitate microemulsification. However, 
synthetic and extended surfactants may not be suitable 
for food applications, particularly if concerns such as 
irritability, toxicity, or environmental impact arise.5,12 
Consequently, there is an increasing demand for bio-
based surfactants, and over the past two decades, 
researchers have endeavored to study and improve the 
applicability of bio-based or biodegradable surfactants 
in ME formulations. However, the inherent functional 
limitations and high cost of bio-based surfactants, 
compared to synthetic ones, remain significant 
challenges. The commercial applicability of bio-based 
surfactants for plant oil extraction is also limited due 
to the structural complexity of triglycerides. Lecithin 
and Tweens/Spans are well-known examples of natural 
and synthetic biodegradable surfactants, and in the 
present study, their capabilities in the liberation and 

extraction of residual oil of canola press cake (CPC) are 
explored. The readers are referred to the most recent 
comprehensive reviews for further details.7,11

According to existing reports, lecithin has been 
successfully utilized for microemulsification of canola 
oil (up to 90%), where increasing the temperature or the 
lecithin-to-co-surfactant ratio increased the mono-phase 
ME region (Winsor IV ME). Under optimal extraction 
conditions, up to 82% of canola seed oil was recovered. 
It needs to be highlighted that these investigations were 
conducted on canola seed meal (CSM) using partially 
purified lecithin.13,14 The simultaneous microemulsification 
and extraction of lutein and lycopene using lecithin as the 
natural surfactant have also been explored.7

The capability of Tween 80 in the presence of 
co-surfactants, at various ratios, for microemulsification 
of bee propolis, kerosene, and hexane has been 
investigated.15,16 Gossypol, a toxic bio-compound, has also 
been removed from cottonseed using a Tween 80-based 
ME system.17 The potential of Tween 80 for recovering 
residual oil from palm-pressed mesocarp has also been 
recently evaluated.18 A 1:1 mixture (hydrophilic-lipophilic 
balance = 9.7, 0.1%) of Tween 80 and Span 80 increased 
oil yield recovery from condensed corn distillers’ soluble 
by 5 – 10%.19 Furthermore, the potential of different 
ratios of Tween 80:Span 80 and various co-surfactants for 
microemulsification of krill oil and isopropyl myristate has 
been examined.20 The demulsifying capabilities of Tweens 
(20 and 80) and Spans (20 and 80) for walnut and peanut 
oil recovery have been reported.21-23 According to these 
studies, Tweens were able to demulsify, but only Tween 
20 (at 1.2% and pH  9.5) recovered 72% of peanut oil.23 
Recently, under optimal conditions (1:10 seed: water ratio, 
1.4% [wt%] Tween 20, pH 12.0), over 50% of rapeseed oil 
was successfully extracted.24

As described, the residual oil of oil-bearing plants is 
currently mainly recovered by hexane, which presents 
environmental and health-related issues. Therefore, 
the edible oil industry is actively seeking alternative 
techniques. In this regard, the surfactant-assisted 
aqueous extraction technique, particularly with the 
extended surfactants (with toxicity concerns), is one of 
the promising alternatives that has shown high efficiency. 
However, there are very limited reports on the application 
of food-grade surfactants for oil recovery from oil-bearing 
plants, particularly for extracting residual oil from 
mechanically pressed cakes. Therefore, the present study 
aims to evaluate the abilities of lecithin (both partially 
purified and pure), Tween 80, and Span 80, with and 
without co-surfactants, for recovering residual oil from 
CPC under various processing conditions.
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2. Materials and methods
2.1. Chemicals

The CPC was collected from a vegetable oil extraction 
facility and kept frozen (−18°C) before analysis or 
extraction. Briefly, in the oil extraction facility, canola 
seeds were cleaned, cracked, and flaked using a roller-
type flaker (clearance between rolling drums: 3  mm). 
The seeds were then cooked (95 – 100°C, 45 – 60  min) 
and pressed using mechanical expellers (~750 psi), which 
extracted part of the canola meal oil as intact canola oil. 
The residues from the mechanical expellers, known as the 
CPC, still contained some oil; therefore, its residual oil was 
conventionally recovered using hexane (solvent: CPC ratio 
of 0.8 L:1.2 kg) under controlled conditions. In this study, 
the CPC was collected and used as the substrate.

Solvents, including hexane, 1-propanol, and ethanol 
(96%), were purchased from Sigma-Aldrich Chemical Co 
(United States). Tween 80 (BP338-500, Fisher Bioreagents, 
United States) and Span 80 (1338-43-8, TCI America, United 
States) were used as synthetic biodegradable surfactants. 
Two types of fractionated soy lecithin, namely Epikuron 
135F (a highly viscous liquid, acetone insoluble, containing 
54.2% phosphatides, 35.7% phosphatidylcholine, and 
undetermined oil content) and Epikuron 170 (a semi-solid, 
containing 97% phospholipids, 72% phosphatidylcholine, 
and <2% oil), were donated by Cargill (United States).

2.2. Composition of CPC

The moisture content (105°C, 24 h), oil content (Soxhlet 
method), and nitrogen content (automatic protein analyzer, 
FOSS, Kjeltec™ 8400) of CPC and pellets (partially or 
completely de-oiled) were determined according to the 
established analytical methods.25

2.3. Size distribution of CPC

Large CPC lumps (>10  cm) were manually crushed 
(<2 cm) and then pulverized using a mortar and pestle. The 
powdered CPC was sieved using a nest of sieves, including 
mesh #5, 10, 18, 30, 40, and 500 (from top to bottom in 
ascending order), with nominal openings of 4000, 2000, 
1000, 595, 420, and 25 μm, respectively. Briefly, 400 g of 
CPC was placed on top of sieve #5, and the nest of sieves 
vibrated for 20 min. The particles retained on each mesh 
were weighted and recorded as mass fractions. The mass 
mean diameter of the CPC particles was calculated by 
averaging the aperture size of two consecutive sieves and 
multiplying it by the mass fraction.

2.4. Formulation of MEs

For the preparation of lecithin-based ME premixes, 
lecithin was first dissolved in 1-propanol, used as a 

co-surfactant at different ratios (80:20, 70:30, 67:33, 
60:40, 50:50, and 40:60 w/w). Due to the low solubility of 
Epikuron 170 in 1-propanol, the mixtures were vigorously 
agitated and mildly heated to ensure thorough dissolution. 
The surfactant:  co-surfactant mixture was considered a 
portion (X). It was then mixed with water (Y) at various 
X: Y ratios (10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 
80:20, and 90:10  w/w) in 50  mL screw-capped conical 
tubes. Afterward, different amounts of CPC were added 
into the premix (CPC: premix weight ratios 1:1, 1:2, 1:4, 
1:6, 1:8, 1:12, and 1:16), and the mixtures were vortexed 
(using a vortex shaker at 2,500 rpm, Heidolph, Germany) 
for 60 s, followed by heating in a water bath (40 – 90°C, for 
10 – 120 min), while shaking. Finally, the mixtures were 
cooled to ambient temperature and centrifuged (10,000 g, 
10 min). It is noteworthy that ME premix was the mixture 
that typically contained surfactant: co-surfactant: water.

For the Tweens/Span-based systems, these were 
added to water (0 – 22%  w/w) and thoroughly mixed. 
The co-surfactant (i.e., ethanol or 1-propanol) was then 
added if required, and mixing continued. Afterward, 
different ratios of CPC were mixed with the Tween/Span 
dispersions (1:1, 1:2, 1:3, 1:4, 1:6, 1:8, 1:12, 1:16, and 1:32). 
In some cases, the required ratio of co-surfactant was first 
mixed with CPC and mildly heated, then the mixture was 
added to the Tween: water mixture, and the mixtures were 
vigorously mixed (using a vortex shaker at 2,500  rpm, 
Heidolph, Germany) for 60 s, followed by heating in a 
water bath (40 – 90°C, for 10 – 120 min) while shaking. 
Finally, the mixtures were cooled to ambient temperature 
and centrifuged (10,000 g, 10 min). In some cases, the pH 
of the mixtures was measured using a pH meter. For pH 
adjustment in alkaline regions (pH = 10.0), NaOH (4N) 
and HCl (4N) were used.

2.5. Oil extraction rate

Upon centrifugation of CPC: premix mixtures, they were 
visually separated into three or four distinct phases: Oil (top 
layer), cream (thin layer beneath the oil phase), emulsion 
or premix (middle layer), and pellet (bottom layer) 
(Figure 1). To evaluate the oil extraction capability of the 
surfactant-assisted solutions or ME premixes, the free oil 
phase was carefully aspirated using disposable pipettes and 
weighed, or its volume was measured. The volume was then 
converted to weight (or vice-versa), and the percentage of 
oil extraction or oil recovery was recorded. In addition, as 
part of the extracted oil may have already been emulsified, 
the pellet phase was dried, and its oil content was extracted 
using the conventional Soxhlet method.25 By subtracting 
the oil content of the pellets from the initial oil content of 
the CPC, the oil recovery rate was calculated. To account 
for variations in oil content and extraction efficiency, the 
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total oil content of each set of experiments was analyzed, 
and the oil extraction rate was calculated based on the oil 
content of the corresponding batch. It is important to note 
that each measurement was repeated at least 3 times, and 
the average of the replicates was reported.

3. Results and discussion
3.1. Chemical and physical characteristics of CPC

The CPC consisted of large lumps (several inches) with a 
very compact but porous structure (Figure 2). To reduce 
the size of the lumps, they were manually crushed using 
a mortar and pestle and passed through a nest of sieves to 
evaluate their particle sizes. As shown in Table 1 (Section 
A), the CPC contained a wide range of particles; however, 
only 19.7% of the particles were smaller than 420 μm. It is 
well documented that the smaller the particles, the higher 
the oil extraction yield due to the increased surface area 
and better accessibility of disrupted cells on the particle 
surface.6,13,24,26 However, as indicated, only a small fraction 
of the CPC particles fell within the size range typically 
recommended for oil extraction (<500 μm, or more strictly 
<200 μm). These findings (Section B in Table 1) also showed 
that the mass mean diameter of the CPC was ~1,150 µm. 
It is likely that conventional size reduction processes could 
reduce the size of CPC particles to a reasonably lower range 
(<500 µm), potentially improving the oil extraction yield. 
Nevertheless, as the main aim of the present study was to 
evaluate the capability of surfactant-assisted systems, the 
CPC, as a whole, was used and tested.

Given the importance of moisture content in the CPC, 
this parameter was also measured. The average moisture 
content (based on at least three replications) was 6.4%. 
According to industrial regulations, the moisture content 
of seeds must be ≤6%, or they must be dried before further 
processing.6,27

Regarding the oil content of the CPC, it contained 
15.8 ± 0.3 wt% of oil. It is noteworthy that the initial oil 
content of the canola seeds was 42.2 ± 0.4 wt%. During 
the oil extraction process in the industry, part of the 
CSM oil (~50 – 80%, depending on the efficiency of the 
mechanical expeller) is extracted as intact oil. Therefore, 
only 20 – 50% of the oil that remains in the CPC needs 
to be extracted using organic solvents6 or alternative 
techniques, including the ME technique. In the case of our 
samples, approximately 62% of the CSM oil was already 
extracted (the CSM oil content was 42.2%, whereas the 
oil remaining in the CPC was 15.8%). Therefore, the CPC 
contained only 38% of the initial oil content of CSM, which 
required further extraction.

Based on the nitrogen content of the samples and using 
the generally accepted protein conversion coefficient (i.e., 
6.25), the protein content of the CPC was around 38%. 
It is worth noting that this conversion coefficient may be 
high, and it is believed that the actual value for most foods 
should be between 5.1 and 6.0. The CPC also contained 
sugars (mostly insoluble polysaccharides such as cellulose, 
hemicellulose, and lignin) and minerals, but these were 
not determined. Knowing the content of these parameters 
is important, as the protein or polysaccharide content of 
the pellets may vary depending on different treatments 
(e.g., acidification and alkalization) or extraction conditions.

3.2. Efficacy of lecithin-based ME systems

To understand the overall capability of partially purified 
lecithin (Epikuron 135F) in canola oil extraction, 
preliminary tests were conducted on CSM. It is noteworthy 
that the oil content of CSM was much higher than that of 
CPC (i.e., ~42% vs. ~16%). CSM was initially mixed with 
a premix containing different proportions of 1-propanol, 
lecithin, and water (Table  2). The mixtures were then 
heated (60°C, 30 min, with one set of identical formulations 
not heated), cooled (~25°C), and centrifuged (10,000 g for 
10 min). Based on visual observations, heating was crucial. 

Figure  1. Schematic representation of the different phases (right) and 
forms of oil (left) after centrifugation of CPC: premix mixtures
Notes: CPC = Canola press cake; Premix = Mixture of 1-propanol, 
lecithin, and water.

Figure 2. Visual comparison of canola press cake and its mass fraction distribution. Mass retained on meshes #10, #18, #30, #40, and #500 (from top to 
bottom and left to right).

https://dx.doi.org/10.36922/eer.6562
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In formulations #1 – 6, no significant oil was separated, 
while in their heated counterparts (#7 – 12), three distinct 
phases were formed (Figure  3A), with free oil observed 
in the supernatant (upper layer). Moreover, it was found 

that lecithin, without a co-surfactant (i.e., 1-propanol 
or ethanol), was unable to release any oil from CSM. 
There are two types of low-energy microemulsification 
methods: Self-emulsification and phase inversion. The 

Table 2. Formulation of lecithin (Epikuron 135F)‑based microemulsion premix for oil extraction from cooked CSM under a 
constant (w/w) CSM: premix ratio of 1:3

# Premix CSMc (g) Total 
Weight (g)

Heated  
(60°C, 30 min)1‑PrOHa (g) Lecithin (g) 1‑PrOH: lecb 

Ratio (w/w)
Water (g) (1‑PrOH: lec):water 

ratio (w/w)

1 1.00 2.00 1:2 3.0 1:1 2.0 8.0 No

2 1.80 1.20 3:2 3.0 1:1 2.0 8.0 No

3 2.40 0.60 4:1 3.0 1:1 2.0 8.0 No

4 0.40 0.80 1:2 4.8 1:4 2.0 8.0 No

5 0.72 0.48 3:2 4.8 1:4 2.0 8.0 No

6 0.96 0.24 4:1 4.8 1:4 2.0 8.0 No

7 1.00 2.00 1:2 3.0 1:1 2.0 8.0 Yes

8 1.80 1.20 3:2 3.0 1:1 2.0 8.0 Yes

9 2.40 0.60 4:1 3.0 1:1 2.0 8.0 Yes

10 0.40 0.80 1:2 4.8 1:4 2.0 8.0 Yes

11 0.72 0.48 3:2 4.8 1:4 2.0 8.0 Yes

12 0.96 0.24 4:1 4.8 1:4 2.0 8.0 Yes

13 7.20 1.80 4:1 9.0 1:1 6.0 24.0 Yes

14 2.82 0.72 4:1 14.4 1:4 6.0 24.0 Yes

15 7.20 1.80 4:1 9.0 1:1 6.0 24.0 Yes

16 2.82 0.72 4:1 14.4 1:4 6.0 24.0 Yes

17 7.20 0.90 8:1 8.1 1:1 5.4 21.6 Yes

18 2.88 0.36 8:1 13.0 1:4 5.4 21.6 Yes

Notes: a1‑PrOH: 1‑propanol; blec: Lecithin; cCSM: Canola seed meal; Premix: Mixture of 1‑propanol, lecithin, and water.

Table 1. Representation of (A) the mass fraction retained on different sieves and (B) the mass mean diameter of canola press cake

Section Mesh no. Aperture size (µm) Weight (g) Mass retained (%)

A 5 4000 0 0

10 2000 40.0±2.2 10.0±0.5

18 1000 147.2±2.7 36.8±0.7

30 595 111.6±1.3 27.9±0.3

40 420 22.4±1.4 5.6±0.3

500 25 78.8±1.6 19.7±0.4

Sum 400.0 100.0

Section Average diameter of the particles (µm) Mass retained (%) Diameter (µm) Mass mean diameter (µm)

B 3,000 10.0±0.5 30,000.0 ‑

1,500 36.8±0.7 55,200.0 ‑

797.5 27.9±0.3 22,250.2 ‑

507.5 5.6±0.3 2,842.0 ‑

222.5 19.7±0.4 4,383.2 ‑

Total 100.0 114,675.4 1,146.7
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latter includes transitional methods (including phase 
inversion temperature and phase inversion composition) 
and catastrophic phase inversion. In the phase inversion 
temperature method, by raising the temperature of a 
low-temperature system, an oil in water ME converts 
to water in oil ME by crossing a zero-curvature point. 
During cooling, the system will attempt to regain its initial 
structure.7 Moreover, in the Winsor III domain, increasing 
the temperature causes the system to transition into three 
different phases, allowing oil to be released.15,16 These are 
likely the reasons that heating improved oil separation.

As shown in Figure  3A, there were visual differences 
between formulations. For instance, the oil phase in 
samples 7 – 9 was clearly larger than in samples 10 – 
12. Moreover, the oil phase in the former samples was 
much darker than in the latter. This was due to different 
(1-  propanol:  lecithin): water ratios, which were 1:1 and 
1:4, respectively. These findings support the idea that 
lecithin, in combination with a co-surfactant under 
optimized conditions, could recover part of the oil content 
of CSM. These observations align with previous reports.13,14 
However, the question arises: if partially purified lecithin 
could recover some oil from CSM, it is reasonable to 
expect that using pure lecithin and optimizing the premix 
formulation could further improve the oil recovery rate. To 
test this hypothesis, the most successful formulations (#9 
and 12) were selected, and larger samples were prepared 
(#13 – 14, 15 – 16). In samples #15 – 16, Epikuron 135F 
was replaced with pure lecithin (Epikuron 170).

Based on visual observations (data not shown), the 
purity of lecithin affected the transparency of the premixes. 

For instance, those prepared with Epikuron 135F were 
more turbid than those prepared with Epikuron 170. 
Epikuron 170 (semi-solid) was also very insoluble and 
took a long time to dissolve. Moreover, Epikuron 135F 
(partially purified lecithin) was surprisingly more effective 
in oil separation than Epikuron 170 (highly pure) under 
the examined conditions (Figure 3B). While pure lecithin 
(i.e., Epikuron 170) demonstrated its capability for oil 
recovery, its oil release capability was comparatively low 
(Figure 3B, #15 – 16). To elucidate the possible reasons, in 
the next set of experiments, the lecithin content was halved. 
By reducing the lecithin content and slightly adjusting 
the premix formulation, new formulations were tested 
(Table 2, #17 – 18). As shown in Figure 3B (#17 – 18), the 
oil recovery did not change significantly (compare #15 – 
16 with 17 – 18), indicating that further optimization was 
still required. However, the main question was why the size 
of the separated oil phase in the case of partially purified 
lecithin was larger than with pure lecithin. To address this 
issue, de-oiled CSM (i.e., samples de-oiled by hexane) was 
used instead of conventional CSM in formulations #13 
and #18. Surprisingly, a free oil phase was still observed in 
formulation #13, whereas no oil phase was detected in #18. 
This finding clearly suggests that the higher oil recovery by 
Epikuron 135F was likely due to its own oil content.

Based on the product data sheet, Epikuron 135F 
contained only 54.2% of acetone-insoluble phosphatides 
(phospholipids). Therefore, at least 45.8% of the partially 
purified lecithin was likely composed of carbohydrates, 
fatty acids, triglycerides, and other components, most of 
which were likely soybean oil. Taking this into account, the 

Figure 3. Comparison of the effect of different ratios of microemulsion premix components on the oil extraction rate of cooked canola meal with a constant 
ratio. (A) #7 – 12, from left to right, and (B) #13 – 18, from left to right (Table 2).

B

A
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larger oil phase in formulation #13 compared to #14 (which 
contained more lecithin – 1.80 g vs. 0.72 g) when de-oiled 
CSM was used can be explained. Overall, formulations #13, 
14, 17, and 18 recovered nearly 55%, 34%, 16%, and 19% 
of the initial oil, respectively. However, when considering 
part of the recovered oil as coming from lecithin itself, it 
can be concluded that the actual oil extraction capacity 
of the Epikuron 135F-based ME was lower than 55 and 
34%. Despite the differences in terms of CSM type and 
the lecithin utilized in the present study, the oil recovery 
rate (55%) was quite comparable to the ~62% reported in 
previous studies.13,14 The high extraction yield reported in 
those studies13,14 can likely be attributed to the oil content of 
the lecithin, which was partially purified by the researchers. 
Based on their chromatographic analysis,13 the oil content 
of lecithin was ~19%, which could contribute significantly 
to the overall oil recovery, especially considering the high 
concentration of lecithin utilized in the extraction process.

Based on the findings from the CSM experiments, the 
next set of experiments was conducted on CPC using pure 
lecithin (Epikuron 170) and various premix formulations 
(Table 3). Using a constant CPC: premix ratio (1:3), 5 g of 
CPC was mixed with 15 g of premix #1 (Table 3), heated 
(60°C, 30  min), and centrifuged (10,000  g, 10  min). 
Interestingly, pure lecithin showed its ability to recover 
part of the oil from CPC. Therefore, the pellets from this 
extraction cycle were mixed with 10 g of fresh premix (#1, 
Table 3), then heated and centrifuged again. Surprisingly, 
there was almost no visible oil phase after centrifugation. 
The pellets from this second extraction cycle were mixed 
with another 10 g of fresh premix and treated as described 
above, but no oil was recovered at this stage either. 
These observations suggest that, at least under the stated 
conditions, only part of the oil can be recovered as free oil, 
and multiple extractions did not significantly improve the 
recovery. However, it was assumed that the efficacy could 

still be improved by optimizing the premix formulation. 
Using a “one factor at a time” approach and a constant 
CPC:  premix ratio (1:3), no free oil phase was observed 
when other premixes (#5, 6, 7, and 8) were tested (Table 3). 
On the other hand, in formulations # 1, 2, and 3, a free oil 
phase was clearly visible and transparent, but the size of 
the oil phase in formulation #3 was visually larger than in 
formulations #1 and #2. Formulation #4 turned into a thick 
gel and, therefore, was not used during the optimization 
process.

According to these formulation tests, it can be concluded 
that the optimized premix formulations should have 
high water content (~77%) and co-surfactant:  surfactant 
ratios of 4:1 or 5:1 to perform optimally. The fibrous 
and collapsed structure of the CPC requires high water 
content to facilitate the mobility of surfactant molecules 
and the diffusion of the ME premix, which is necessary 
to release the entrapped oils. The highest estimated oil 
extraction rate was ~50%; however, only a small portion 
of that oil was in the free oil phase, while the remainder 
was emulsified and would require demulsification to 
release the oil. Despite the potential capability of pure 
lecithin (surfactant) in combination with 1-propanol 
(co-surfactant), the high costs of lecithin and 1-propanol, 
the need for demulsification, the partial dissolution of 
CPC’s soluble proteins, lipoproteins, and polysaccharides, 
as well as the potential residual lecithin in the de-oiled 
pellets (Figure  4), make this approach unsuitable as a 
recommended technique for industrial applications. It is 
worth noting that the extraction efficacy could potentially 
be slightly improved by optimizing heating conditions, 
utilizing a smaller size range of CPC particles, and/or 
adjusting CPC: premix ratio, if necessary.

Based on numerous trials, it was revealed that ethanol 
could also be used instead of 1-propanol; however, the 

Table 3. Formulation of lecithin (Epikuron 170)‑based microemulsion premix for oil extraction from canola press cake (CPC)

# Premix CPCc (g) CPC: premixd 
ratio (w/w)

Total 
weight (g)

Heated  
(60°C, 30 min)1‑PrOa (g) Lecithin (g) 1‑PrOH: lecb 

Ratio (w/w)
Water (g) (1‑PrOH: 

lec): water 
ratio (w/w)

Total 
weight (g)

1 17.78 2.22 8:1 80.00 1.00:4.00 100.00 5.00 1:3 20.00 Yes

2 17.78 4.44 4:1 77.78 1.00:3.50 100.00 5.00 1:3 20.00 Yes

3 18.00 4.50 4:1 77.50 1.00:3.44 100.00 5.00 1:3 20.00 Yes

4 12.00 8.00 3:2 80.00 1.00:4.00 100.00 5.00 1:3 20.00 Yes

5 18.50 7.50 5:2 74.00 1.00:2.85 100.00 5.00 1:3 20.00 Yes

6 33.33 16.66 2:1 50.00 1.00:1.00 100.00 5.00 1:3 20.00 Yes

7 30.00 20.00 3:2 50.00 1.00:1.00 100.00 5.00 1:3 20.00 Yes

8 48.00 32.00 3:2 20.00 4.00:1.00 100.00 5.00 1:3 20.00 Yes

Notes: a1‑PrOH: 1‑propanol; bLec: Lecithin; cCPC: Canola press cake; dpremix: Mixture of 1‑propanol, lecithin, and water.
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efficiency of 1-propanol was reasonably higher than that 
of ethanol. This can be attributed to the better solubility of 
both lecithin and canola oil in 1-propanol, despite ethanol 
being less toxic and more soluble in water.

3.3. Efficacy of Tween-based ME systems

In the present study, the capabilities of Tween 20 and 
Tween 80 in recovering residual oil from CPC were 
investigated under various concentrations (0 – 22 wt%), 
premix:  CPC ratios (1:1 – 16:  1), and with and without 
co-surfactants (ethanol and 1-propanol). Based on the 
observations, Tween 80 (0.83 wt %, pH~6.1) was capable 
of recovering only a small portion (<10%) of the residual 
oil. However, when combined with ethanol (Tween 
80:ethanol at a 1:8 ratio, 0.83:6.66 wt%), under optimal 
temperature conditions (70°C) and an 8:1 premix:  CPC 
ratio, the system recovered nearly a quarter (~27%) of the 
residual oil as free oil. Due to the significant role of ethanol 
in improving oil recovery and the hygroscopicity nature of 
CPC, another set of experiments was conducted. In this 
case, the required amount of ethanol (2.66  g) was first 
mixed with CPC (5 g), heated (55°C, 30 min), and then 
cooled. Afterward, a Tween solution (37.34 g, containing 
0.33  g Tween 80) was mixed with the ethanol-CPC 
mixture, heated (70°C, 30 min), cooled, and centrifuged. 
Visual observations showed only a slight improvement in 
the oil recovery rate.

These findings demonstrate that Tween 80, as a 
synthetic, non-ionic, food-grade, biodegradable surfactant 
with a reasonably low cost, can potentially release part 
of the remaining oils from CPC. These findings are in 
line with a previous report in which 0.5 wt% Tween 80, 
6% NaCl, and a 25:1 ratio of Tween 80:palm pressed fiber 
(PPF), heated at 60°C, recovered nearly 39% of the residual 
palm oil from PPF.18 They reported that under these 
conditions, the extracted oil was emulsified (Figure 1), and 
no free oil phase or Winsor type III domain was observed. 
However, in the present study, despite the structural and 
compositional differences between CPC and PPF, most of 
the released oil was in the form of free oil, likely due to the 
presence of the co-surfactant. In addition, the amount of 
Tween 80 solution used in the present study was one-third 
of that utilized by Ramly et al. (1:8 vs. 1:25).18 Mukherjee 

et al.15,16 also examined the capability of Tween 80 and 
n-butanol on microemulsification of kerosene and hexane 
as oil phases. They identified different Winsor types (I, 
II, III, and IV) but noted that in the Winsor III domain, 
increasing the temperature caused the turbid phase to 
separate into three different phases. They suggested that 
this behavior could be potentially used as a mass transfer 
technique. This likely occurred in the present study, and for 
further details, readers are referred to a recently published 
review.7

To improve the extraction rate under natural pH (~6.1), 
different ratios of Span 80:Tween 80 (10:90, 30:70, 50:50, 
70:30, and 90:10) were also mixed, and their effects were 
investigated. Through numerous trials, it was found that 
using higher ratios of Span 80 significantly increased the 
size of the oil phase. Surprisingly, further investigations 
revealed that the increase in the oil extraction rate was 
due to Span 80 being much more soluble in oil than in 
water; therefore, most of it transferred from the premix 
solution into the extracted oil phase, causing the oil phase 
to increase visually in size. In line with our findings, Zhang 
and Wang23 have already attributed the increase in free 
oil yield in the presence of high Span concentrations to 
the partial dissolution of Span in the oil. It appears that 
a similar phenomenon occurred in other studies, but 
they mistakenly reported that Spans led to improved 
oil recovery.18,21,22 In contrast to these reports,21,22 it can 
be clearly concluded that Span 80 is not an appropriate 
surfactant to be used individually or in combination with 
Tween 80 or other Tweens for oil extraction purposes.

Despite the non-ionic nature of Tween 80, another 
set of experiments examined the influence of alkaline 
pH (~10.0) as well as surfactant concentration (0.0 – 2.0 
wt%) under a constant CPC:  surfactant solution ratio 
(1:4) on the oil extraction rate. It is worth noting that 
the natural pH of the mixtures was around 6.0 ± 0.1, but 
when the pH was adjusted to the target value (pH = 10.0), 
the color of the mixtures visibly turned brownish, likely 
due to the ionization of amino acids, structural changes, 
solubilization, and denaturation of proteins. These 
mixtures were also mildly heated (55°C, 45  min) before 
centrifugation. Upon centrifugation, no free oil phase 

Figure  4. Comparison of the visual appearance of pellets after treatment with pure solvents or premixes (from left to right: Extracted by n-hexane, 
1-propanol, and premix #1 – 3 from Table 3)
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was observed except for very small droplets, but three 
distinct phases were identified (Figure 1). It was expected 
that under alkaline conditions, the oil, which was already 
entrapped or covered by proteins or phospholipids, could 
be more easily released, likely due to the denaturation of 
the existing proteins. By checking the oil content of the 
pellets, it was found that nearly 40% of the oil content of 
CPC was extracted using the Tween 80 premix (Tween 80 
= 0.15%, CPC:  premix ratio = 1:4, pH = 10.0). Previous 
reports have indicated that with increasing alkaline 
concentration (0.02 – 0.08 M), temperature (20 – 55°C), 
and decreasing particle size of defatted CPC, the protein 
yield and separation rate increased.28 Therefore, it can be 
speculated that under alkaline conditions, the proteins 
or phospholipid layers, which previously covered the oil 
droplets, could be solubilized, denatured, and displaced by 
the Tween molecules. Such displacement is theoretically 
likely, as the molecular size of Tweens is much smaller 
than that of proteins, giving them a very low surface load.29 
Recent studies23,24 have investigated the demulsifying 
functions of Tweens (20 and 80) on recovering peanut and 
rapeseed oil. They claimed that Tweens were capable of 
de-emulsification and that Tween 20 at 1.2% and alkaline 
pH recovered 72% and 51% of the oil content of peanut 
paste and crushed rapeseeds, respectively.

Based on our observations, Tweens 20 and 80, under 
the above-mentioned conditions, potentially released 
about 40% of CPC’s remaining oil in an emulsified form. 
Compared to other conditions discussed in the present 
study, it seems that alkalization is, by far, the most feasible 
approach to extracting the majority of the remaining 
oil from CPC. It is likely that optimizing pH, Tween 
concentration, the thermal process, CPC: Tween solution 
ratio, and CPC particle size could further improve the 
oil extraction rate. However, the de-emulsification of the 
separated liquid phase to release the oil phase remains a 
major challenge that needs to be addressed. Moreover, 
due to the increased protein solubility under alkaline 
pH, the quantity and quality of the protein in the pellet 
should also be investigated. These concerns, along with the 
applicability of Tweens for the extraction of canola seed oil 
(both cooked and uncooked) under alkaline pH, have been 
discussed in another report.24

4. Conclusion
The capabilities of different lecithin types (partially purified 
and pure), Tween 80 and Span 80, on recovering the 
remaining oil from CPC were investigated. Based on the 
observations, lecithin alone was unable to recover any oil. 
However, when mixed in an optimal ratio with 1-propanol 
or ethanol, part of the CPC oil was released as free oil. 
Regarding Tween 80, under natural pH, it was able to 

recover only a small fraction of the CPC oil. In the presence 
of organic solvents (1-propanol or ethanol), approximately 
27% of the CPC oil was extracted. Surprisingly, by 
increasing the pH of the dispersions (~10.0), Tween 80 
was able to release nearly 40 – 50% of the oil, using a 
very low concentration and mild thermal treatment. It is 
expected that under optimized conditions, the extraction 
rate can be further improved. Due to the insolubility of 
Spans, particularly Span 80, it is not recommended for use 
either individually or in combination with Tweens for oil 
extraction purposes.
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