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Edible oil extraction by solvent
How does edible oil extraction by solvents work? In short: Soy beans, as an example 
of an oil source, are cleaned, cracked, cooked, and dried. Subsequently, the fl aked 
soy beans are washed with hexane which dissolves the oil from the seed fl akes [2]. 
There are different types of solvent extraction plants and procedures, but in general 
the solvent used is commonly hexane. It is used because of its solubilising nature, low 
boiling point, low costs, good miscibility with oil, and relatively easy recovery and reuse. 
However, studies are investigating the exchange of hexane for less harmful solvents [3].

Solvent extraction by hexane increases the oil yield signifi cantly compared to mechanical 
pressing only, and therefore it is the most common method for producing edible oils 
in large quantities. The drawback with solvent oil extraction is the fact that hexane has 
to be removed from the edible oil once the oil extraction process is fi nished. Hexane is 
highly toxic and should not be considered as part of our diet. Thus, there is a limit for 
hexane that is tolerated in edible oil. For example, according to European Directive EC 
2009/32, a maximum of 1 mg of hexane is allowed in 1 kg of edible oils [4]. After the oil 
extraction process, the hexane is removed from the edible oil via rising fi lm evaporators 
and fi nal vacuum distillation [5]. In fact, the solvent recovery process involves several 
steps: recovering more and more hexane via different extraction methods [6].

Measuring the residue hexane in edible oil
To prove that the amount of hexane does not exceed amounts specifi ed in food 
regulations, the hexane content in edible oils has to be measured. Typically, the fi nal 
concentration of hexane in edible oils is determined by gas chromatography, which 
enables precise measurement of small hexane traces in edible oil [7] [8].

However, as mentioned, the hexane recovery process includes several steps. Between 
them, the hexane content within the edible oil diminishes continuously. To monitor if the 
recovery processes are working according to specifi cations it makes sense to measure 
the hexane content in between the recovery steps. Measuring the hexane content 
of an intermediate product can also be necessary due to safety reasons or internal 
requirements if it will be transported to another production site. Here, the drawback of 
gas chromatography is that it has to be conducted by well-trained lab staff and often is 
only available within limited working hours. Thus, gas chromatography is expensive and 
not always available in a plant operating 24/7.

Luckily, there is an alternative. A fast check of the hexane content can be conducted by 
fl ash point limit testing. Hexane content in edible oils, down to several hundred ppm, can 
be determined by fl ash point limit testing according to ISO 15267: ‘Animal and vegetable 
fats and oils – Flash point limit test using Pensky-Martens closed-cup fl ash tester’ [9]. 
Moreover, fl ash point limit testing can be conducted with only little training, by almost 
everybody involved in the production process. It does not require any pre-treatment of 
the sample and is always readily performable. It is a time-effi cient and cost-saving way 
to test hexane limits during the edible oil production of intermediate products.

Another benefi t of having equipment that measures according to ISO 15267 is that 
you can also measure the fl ash point of the fi nished product according to ISO 2719 or 
ASTM D93 for transportation and storage classifi cation.

Flash point limit testing according to ISO 15267
Flash point testing in general is a very straightforward testing method. For fl ash point 
testing you need to have: the sample within a sample cup, a heater, a temperature 
measuring device, sometimes a stirrer, and an ignition source. The procedure usually 
involves heating the sample and the application of the ignition source at a defi ned 
temperature to the gas phase above the sample. The lowest temperature at which 
the application of the ignition source leads to an ignition of the gas phase above the 
sample, without subsequent combustion, is called the fl ash point. If a subsequent 
combustion for at least fi ve seconds is observed, the temperature is called fi re point. 
Such fi re points can only be measured with an open cup fl ash point tester without any 
lid on the sample cup. There are plenty of different fl ash point testing methods such 
as closed or open cup methods and equilibrium temperature or temperature ramp 
methods. It is important to know that different methods will lead to different results 
as the fl ash point is not a physical property of the sample but strongly depends on the 
measurement setup. 

A typical setup of a Pensky-Martens fl ash point tester used for measurements 
according to ISO 15267 is shown in Figure 1.

Figure 1: Pensky-Martens fl ash point tester PMA 500 with test cup and the application of the 
ignition source.

How is fl ash point limit testing according to ISO 15267 conducted? First of all, a 
Pensky-Martens fl ash point tester is needed. It is recommended to use an automatic 
fl ash point tester with automated heating, ignition testing, temperature measurement, 
barometric pressure correction, fl ash point detection, and sophisticated data handling. 
It is also strongly recommended to use an instrument with pre-defi ned testing 
standards. Manual instruments are sensitive to human error and again require well-
trained operators. Secondly, 70 mL. of the sample to be tested is required. With this, the 
measurement is ready to go. The sample is fi lled into the sample cup, the fi lled test cup 
is placed onto the heater of the fl ash point tester and the sample is heated at a rate of 
5°C per min to 6°C per min. At a defi ned temperature, for hexane testing often 121°C, 
the ignition source is applied to the test cup. 

How do we know the temperature at which an edible oil with a defi ned amount of 
hexane fl ashes? The same hexane concentration in edible oils of different sources can 
lead to different fl ash points. Therefore, it´s necessary to determine the temperature at 

Cooking food in our kitchen, frying and deep frying, or making salads is part of our daily life. A world without edible oils is unimaginable. Also, for a lot of 
industrial food manufacturing – think of products such as margarines or baked and cooked goods – edible oils are a key component. Have you ever thought 
about the amount of edible oil you consume? In numbers, global edible vegetable oil production in 2024 was estimated at 224.2 million tons. Palm oil was 
number one, with 80 million tons, followed by soybean oil with 65.5 million tons, rapeseed oil with 34.2 million tons, and sunfl ower seed oil with 20.6 million 
tons [1]. And the market is growing! Looking at the numbers, it is clear that oil extraction from vegetables and seeds has to be highly effi cient. It has to be fast, 
and of course the oil yield from the raw material must be maximised. Initially, during edible oil production, mechanical pressing was used to extract the oil from 
the seeds. Nowadays, following mechanical pressing, oil extraction by solvent is performed, to increase the oil yield – from roughly 60% to 70%, to even 95%, 
depending on the oil pressing method used. However, solvent extraction necessitates recovery of the solvent and subsequent checks for solvent traces within 
the edible oil. Flash point limit testing allows quick checks on the solvent concentration within an intermediate product to make sure that the recovery process 
is working according to specifi cations and that those intermediate products can be handled with the necessary precaution. Flash point limit testing makes the 
edible oil extraction process more effi cient while improving the product quality. 
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which a certain hexane concentration leads to a fl ash within the edible oil of choice by 
preliminary tests. However, it is not required to fi nd the exact fl ash point. For example, 
to ensure that the hexane concentration is below or equal to 800 ppm, an oil sample 
with 800 ppm hexane is prepared and measured according to ISO 15267, e.g. at 121°C. 
If no fl ash occurs, the testing temperature of 121°C refers to a hexane concentration 
of 800 ppm or below. If the sample fl ashes, the testing temperature has to be set to a 
lower value.

It is important to understand that the test can be adapted to your needs. The amount 
of hexane in edible oil which will pass the ignition test is determined by the testing 
temperature. With a higher testing temperature, lower amounts of hexane will lead to 
a fl ash. To be clear, ISO 15267 is not a method to determine the fl ash point but to fi nd 
a maximum hexane concentration in the tested oil. It only conducts an ignition test 
once the test temperature is reached. The fl ash point of a hexane-containing oil sample 
cannot be determined by a standard Pensky-Martens fl ash point method, such as ASTM 
D93. Ramp methods involve multiple ignition tests and with every ignition test, volatiles 
can leave the sample cup, which would artifi cially increase the fl ash point temperature. 
This bias is observed if the volatile amount within a mixture is very low. 

Equilibrium fl ash point test methods such as ISO 1516, ASTM D3934, or ISO 3679 could 
be used to fi nd the exact fl ash point, however this would involve several measurements 
and would not deliver important information when looking at the hexane concentration 
in vegetable edible oil. 

In this article, measurements with a dilution series of hexane in rapeseed and soy 
bean oil are reported and the results of the measurements are shown in Figure 2. 
For rapeseed oil with 800 ppm hexane, a fl ash was found at 121°C, while 700 ppm 
hexane did not lead to a fl ash at 121°C, but did at 150°C. With soy bean oil, at a testing 
temperature of 121°C, a fl ash was only found for a hexane concentration of 1,000 ppm. 
800 ppm of hexane in soy bean oil led to a fl ash at a testing temperature of 150°C. For 
fl ash point limit testing and fl ash point testing we used an Anton Paar Pensky-Martens 
fl ash point tester PMA 500 with a standard brass cup and cover. Pre-defi ned methods 
according to ISO 15267 and ASTM D93 were used. The set testing temperatures were 
121°C and 150°C.

The fl ash point of neat rapeseed oil was found to be 272°C while for neat soybean oil it 
was 248°C. Hexane has a fl ash point of -20°C. The exact fl ash point values of the neat 
product were measured for edible oils with a Pensky-Martens fl ash point tester PMA 500 
according to ASTM D93-A. The fl ash point of hexane was measured by an Abel fl ash 
point tester ABA 500 according to ISO 13736. 

Of course, there are limits to the ISO 15267 method. The typical hexane concentration 
at which fl ash point limit tests are conducted is 800 ppm hexane in edible oil. The 
fi nal check of the edible oil with a hexane content below 1 ppm must be performed 
via gas chromatography as this is below the detection limit of fl ash point limit testing. 
Nevertheless, fl ash point limit testing according to ISO 15267 can be a perfect tool to 
quickly check if the hexane recovery process is working according to given parameters.
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Test results for soy bean oil (flash point found)

EFLP
700 
ppm

800
ppm

900
ppm

1,000
ppm

121 °C no no no yes

150 °C no yes yes -

Test results for rapeseed oil (flash point found)

EFLP 700 ppm 800 ppm

121 °C no yes

150 °C yes -

Figure 2: Results of ISO 15267 measurements of hexane in soy bean oil and rapeseed oil.

Pioneering products for sustainable food development
AMSBIO offers a range of kits, media, and reagents that 
facilitate the development of food in an environmentally 
sustainable manner, ensuring minimal resource wastage 
and no adverse impact on consumer health.

Recent biotechnological advancements have led to the 
creation of cultured meat - meat grown in a laboratory using 
stem cell technology. This innovation mimics the texture, 
flavour, and nutritional value of conventional meat. Cultured meat has the potential to be less resource-intensive, reducing 
the need for animal husbandry and slaughter, which in turn can decrease air pollution, deforestation, water use and 
contamination, biodiversity loss, antibiotic resistance, and foodborne illnesses.

AMSBIO’s products for cultured meat research and development fall into three main categories. First, they provide the 
right environment and stimuli for cultured cells. Second, they offer standards and kits to test if these cells behave like their 
in vivo counterparts. Finally, they supply cryopreservation media to archive cells for reference or future use. Their range 
includes skeletal muscle differentiation kits, recombinant extracellular matrices, 3D scaffolds, and cryopreservation media.

Cultured meat production requires a suitable source of cells that can differentiate into muscle and fat cells. A 2023 study 
by Kalkehi et al. highlighted the challenge of repeated cell harvesting from different animal sources. This was overcome by 
successfully cryopreserving bovine myogenic cells in CELLBANKER® media from AMSBIO, which maintained cell quality for 
future production.

Another crucial component in developing new cell-based foods is the culture media and matrix that support cell growth 
and differentiation. In 2022, Takahashi et al. demonstrated the efficiency of iMatrix-511 Laminin E8 fragments, available 
from AMSBIO, for the adherence and differentiation of bovine myogenic cells into myotubes. These micropatterned culture 
substrates formed scaffolds upon which myotubes could align into myofibers, mimicking native muscle tissue structure.

Ongoing research aims to determine the optimal combination of cellular sources, growth media, bioprocesses, and 
biomaterials to scale up cultured meat production commercially. All materials and procedures used must comply with 
strict GMP and FDA regulations to ensure consumer safety. The main challenge is the high cost of large-scale production, 
necessitating standardised procedures and automated processes to reduce costs. AMSBIO aims to ease the transition 
from bench scale to manufacturing with GMP-compliant products and services.

Read the blog ‘Cultured Meat: from cell culture to restaurant table’: ilmt.co/PL/Q65k

More information online: ilmt.co/PL/65Je
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Detecting mercury, arsenic and selenium 
in environmental and food samples
PS Analytical (PSA) provides niche analytical instruments for the 
determination of mercury, arsenic, selenium, antimony and bismuth in many 
sample matrices including environmental and food and beverage samples.

The presence of these toxic metals in their various forms is of real concern. 
Increasingly the determination of both total and speciated chemical forms 
is required and this requirement generates further analytical challenges of 
sensitivity, selectivity and freedom for interferences.

In addition to analytical considerations operation issues such as; ease of 
use, reliability and robustness as well as very affordable running costs are 
all important and are recognised hallmarks or the PSA brand.

Coupling Atomic Fluorescence Spectroscopy (AFS) with either cold vapour 
generation or hydride generation has been PSA’s core competency for 
over 30 years. With the addition of analyte separation capability which 
allows for speciation studies, PSA offers some powerful tools to help with 
these endeavours.

For example, the separation of; methyl mercury from inorganic mercury 
in water, shellfish, seaweed, dairy products, vegetables and grains; the 
determination inorganic arsenic from less toxic organo arsenic species in 
water, rice, seaweed are examples of routine applications developed for this 
growing area of concern.

The team is constantly developing new methods and applications to 
address market concerns and so if you have a sample you are interested to 
know more about with, they would love to hear from you.

With literally thousands of systems in the field today, and support networks 
in Europe, USA and SE Asia, PSA offers the ideal package of performance, 
reliability and support.

More information online: ilmt.co/PL/BXAN

62682pr@reply-direct.com
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