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Abstract – While it is clear that solvent extraction (SE) dominates the vegetableoil production sector because
of the higher yields it allows, it is more difficult to estimate the difference in added value (AV) between this
production method and extraction by mechanical means alone (ME). The aim of this article is to propose an
objective method for assessing this differential by addressing the question of assessing the material balances
associated with each process and the issue of the value of expeller cakes in different economic contexts, an
assessment made necessary by the absence of regular public quotations for these feedstuffs.Material balances
aredeterminedby theoil content in theseedsand theoil residues left inSEmealsandMEcakes.Basedon100 kg
of seeds, oil productionwas estimated at 43.7 and44.9 kg using the SEprocess comparedwith 39.3 and38.8 kg
using theME process for rapeseed and sunflower respectively. To assess the value of expeller cakes, we used a
basket of feedstuffs with known quotations and nutritional value to determine an equation for price prediction
within 35 market conjunctures between June 2008 and May 2024. These predictions were used to establish a
linear correlationbetweenhexanemeal prices andpredicted expellers prices allowinga calculationof theadded
value in574market situations from2010 to2024.A linear regressionshows thatAVofMEis equal to0.71AVof
SEþ 6.8 €/t for rapeseed and 0.63 AVof SEþ 2.1 €/t for sunflower.

Keywords: Crushing / mechanical extraction / solvent extraction / economics / added value

Résumé – Économie de la trituration : évaluation de l'impact du non-recours aux solvants sur la
valeur ajoutée. S’il est clair que l’extractionpar solvant (ES)domine le secteurde laproductiond’huilevégétale
en raison des rendements plus élevés qu’elle permet, il est plus difficile d’estimer la différence de valeur ajoutée
(VA) entre cemode deproduction et l’extraction par les seulsmoyensmécaniques (EM). L’objectif de cet article
est de proposer uneméthode objective d’évaluation de ce différentiel en abordant la question de l’évaluation des
bilans matière associés à chaque procédé et la question de la valeur des tourteaux expellers dans différents
contextes économiques, évaluation rendue nécessaire par l’absence de cotations publiques régulières de ces
aliments. Les bilansmatières sont déterminés par la teneur en huile des graines et les résidus d’huile laissés dans
les tourteauxESetEM.Enpartant de100 kgdegraines, ona évalué la productiond’huile à 43.7 et44.9 kgavec le
procédé SE contre 39.3 et 38.8 kg avec le procédé ME pour respectivement colza et tournesol. Pour évaluer la
valeur des tourteaux expellers, nous avons utilisé un panier de produits utilisés en alimentation animale dont les
cotations et la valeur nutritionnelle sont connues pour déterminer une équation de prédiction des prix dans 35
conjonctures demarché entre juin 2008 etmai 2024. Ces prévisions ont été utilisées pour établir une corrélation
linéaire entre les prix du tourteau SE et les prix prédits des expellers, ce qui a permis de calculer la valeur ajoutée
dans 574 situations demarché entre 2010 et 2024. Une régression linéairemontre que laVAde la EMest égale à
0,71 VA de l’ESþ 6,8 €/t pour le colza et à 0,63 VA de la ESþ 2,1 €/t pour le tournesol.
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Highlights

* Mechanical extraction yields 10-12% less oil than
solvent extraction for rapeseed and sunflower
processing.

* Added value of mechanical extraction is about 30%
lower than solvent extraction on average.

* Sunflower would be more impacted than rapeseed by
the inability to use solvents, due to the relative
importance of oil in its value.

* Variability in expeller oil content indicates potential
for improvement in mechanical extraction, but
limitations remain.
1 Introduction

In his book “L’Huilerie Moderne” printed in 1984, Jean
Laisney wrote: “Given the power used to increase the
pressure and the resulting wear (without, however, reaching a
residual oil content of the cakes of less than 5%), high
pressure solutions have not been maintained in large capacity
plants. It was preferable to reduce this pressure to the level
where the wear and power used were lowest and to
supplement it by dissolving the remaining oil with a solvent.”
Since the generalisation of the SE in large oil-mills, the “full
pressing” technology has been reserved to small oilseeds
processing units producing speciality oils, or in the “organic”
sector where he use of petrosourced solvent is banned. It
subsides also in places where oilseeds processing is made
with the preservation of feedstuff identity, generally with
warranties of non-GM origin. This motivation has led to
renewed interest in this technology in recent years,
particularly for the production of home-grown soya meal.
Figure 1 shows the development of hexane-free crushing
capacity in France. The ‘organic’ and soya sectors account for
a large proportion of this expansion, but do not represent all
the recent units, some of which have the capacity to process
soya, rapeseed and sunflower, with the ability to dehull for the
production of protein-rich meal. The advantage of these new
production units is that they will be able to process the seeds
locally to supply livestock farms with quality labels, where
the local origin of the feed is valued. The ability of these oil-
mills to limit the distances travelled by seeds and expeller
cakes is an asset that could motivate certain economic players
to build more units of this type, which would compete with
the large industrial facilities that use hexane. The power of
competition between these two production methods is mainly
determined by oil yields. Since oil is the most expensive
product obtained from crushing oilseeds, obtaining lower
yields reduces the crusher’s added value in the case of ‘full-
press’ technology, added value (AV) being defined as the
difference between the sum of sales of the crushing products
(oil and meal) and the purchase price of the seeds. However, it
is quite difficult to assess this difference in added value, given
that the oil remaining in the meal gives it an additional value
which must be taken into account to establish a reliable
assessment of this loss of added value.
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Pearson in 1919 wrote that the operating cost in oilseed
crushing industry using hydraulic presses were of about 1£/t of
oilseed which was 8% of the cost of the crushed oilseed cost. A
typical press-cake had between 5% and 10% of oil content
(peanut or sesame).On theother hand, theoperationwith solvent
(petroleum ether in general) was costlier (about 12.5% of seed
cost) because of solvent losses and a higher consumption of coal.
The meals obtained after SE were still having a faint smell of
solvent which was detrimental to the value of the product.

Cheng et al. (2019) reviewed the available literature about
the economics of plant oil recovery. Their study aimed at the
comparison of farm-scale processing, industrial ME and SE.
Without surprise, the authors observe that hexane extraction is
the dominant process because of high oil recovery and
comparatively low operating costs. It also highlights that
transportation costs and the credits for coproducts are playing
an important role in the economics of crushing. Unfortunately,
if the authors say that expellers cake have a higher economical
value, they do not elaborate on the issue and give no clues
about the level of this higher value. Another article by Cheng
and Rosentrater (2017) in which the comparison focuses on
soybean crushing by solvent versus extrusion-expelling and
aqueous extraction shows that ME becomes profitable beyond
the annual capacity production of 12 kt/year of oil versus
173 kt/year for SE. The assessment is based on a rather large
difference in the price of expellers and solvent meals of 0.62
versus 0.45 $/kg in 2010–2015 conditions. The source cited by
the authors for justifying the values is a USDA statistic
including solvent meal prices but in which the prices for
expellers cannot be found. The gap in prices represents 37% of
solvent meal price which could be justified by immaterial
attributes like a “solvent-free” label or a local origin or by an
improved nutritional quality, but the rationales of this gap are
not explained. Other articles by this first author made in the
frame of a doctorate were not giving further details about this
question (Cheng et al., 2018; Cheng and Rosentrater, 2019).

St-Pierre and Glamocic (2000) published a method for
assessing the breakeven feedstuffs prices based on the
extension of the Peterson method which dates back to 1932
with some improvements made to overcome its limitations.
Working in the field of ruminants nutrition, their goal was to
make a comparison between the actual price of a large range of
feedstuffs with an estimated price based a polynomial in which
each nutritional criterion is multiplied by an estimator of its
contribution to the price of the product. These estimators are
assessed on the basis of a matrix X of 25 feedstuffs containing
the value in 4 nutrients for each feedstuff (neutral detergent
fibre, rumen undegradable and degradable proteins, and net
energy content). The price of each material is the vector Y.

b ¼ X’Xð Þ�1X’Y ð1Þ

The vector b contains four estimators (K1 to K4) which
represent the contribution of each nutrient to the feedstuff price.

B ¼ Xb ð2Þ

B is the vector resulting from the matrix product of the
matrix X by the vector b. It contains the predicted prices of
each feedstuff. Technically, this calculation is the equivalent of
f 10
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Fig. 1. Cumulative capacity of crushing units operating solely by
mechanical extraction in France.
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a linear regression by the least squares methods (Tranchefort,
1974). The authors show that by taking a wide variety of raw
materials, some of which have specific characteristics that have
little to do with the ruminant feed market (for example, fish
meals, the price of which is driven by demand in aquaculture),
a fairly large residual error is generated, which can be reduced
by excluding these outliers. In their example, they removed
tallow, fish meal, cottonseeds, blood meal and feather meal.
Dropping these materials improved the determination coeffi-
cient (R2) from 0.61 to 0.83. In another example, St-Pierre
(2003), split NDF in non-effective NDF and effective-NDF for
refining the prediction and obtained a R2 correlation of 0.75.

Fisher and Schruben (1953) began to present the
applications of linear programming to animal feed and showed
how the method made it possible to optimise the cost of a feed
as a function, on the one hand of the constraints to which the
feed must respond and, on the other, of knowledge of the
characteristics of the various feeds available on the market and
their price. On the basis of these data, they showed that it was
possible to define price thresholds above which an ingredient
could be used in a particular feed. The method also allows
considering the volumes of supply and demand and allocating
each raw material to the formulas that best valorise them. This
approach was subsequently developed and refined by feed
formulation professionals who use it daily in choosing the
ingredients that make up the mixes used in a wide range of
animal feeds, taking into account a very large number of
constraints expressed as maximums and minimums, ranging
frommetabolizable energy to digestible amino acids, including
different fibres, anti-nutritional factors, and various bioavail-
able minerals and vitamins (Pesti and Miller, 1993; Tröster et
al., 2023). proposed a “user-friendly Linear programming-
based decision support system (DSS)” for assessing the price
of white lupine in Germany. Their method remains relatively
complex and gives prediction which vary broadly according to
the nutritional needs of each animal production. These
approaches require a lot of specific knowledge and necessitate
the use of proprietary software that limits the availability of the
estimations to the large public. That is why, we turned toward
another method which is close to the one proposed by St-Pierre
et Glamocic for the predicting the expeller-cake market value
relying on more accessible information.

This article aims at supplying a method for assessing this
differential in added value between the two model of
processing. The question of the processing costs is not
addressed here because it would be difficult to compare two
Page 3 o
technologies that are not used on the same scales and assessing
the capital costs would require an access to strategic economic
data that are covered by the secret of business.
2 Extraction yields and cake quality

To assess the level of performance in terms of capacity to
extract the oil of the seeds, the best way is to look at the level of
oil residues in the expeller press cake and to the criteria
regarding the feed value of these expeller cakes. Table 1 gives
the dry matter (DM) and oil content, the antinutritional factors
and proteins solubility of expellers cakes found in databases
and a few scientific publications that reflect the performances
of commercial screw presses. Regarding DM, this overview
shows that most of the time, the expeller cakes are dryer than
the hexane extracted meals which are wet at the end of the
desolventization step and must be dried below 12% of water
content to be safely stored. The standard deviation of DM in
expellers is rather large compared to those of hexane meals
(s = 1.0, 1.2 and 0.9 for rapeseed, sunflower and soybean
hexane meals versus 2.3, 2.2 and 1.9 for the expellers). This
variability is even more large regarding the oil content of the
expeller cakes. The lowest value was found in the NRC-2001
table for canola with an average value of 5.4 and a standard
deviation of 5.5. This value is likely to be contaminated by
results of hexane extracted meals since expellers with oil
content lower than 5% are uncommon and the value given by
the NANP (2024) database (11.2%) greatly differs. The
distribution of the data around the means is asymmetrical since
the minimum values falls closer to the mean than the maximum
values. It is therefore difficult to give a representative range of
performances. Table 1 shows that the data from IO7
(Association Française de Zootechnie, 2024) are relatively
close to international data for the oil residues in oilcakes and
can be retained for the rest of the study. Organic press-cakes
are containing more oil than their conventional equivalent. It is
explained by the fact that organic oils are often marketed as
virgin oils and that only cold pressing is possible to produce
virgin oils while ME without thermal conditioning is less
efficient. Regarding the antinutritional factors, it seems that
soybeans expellers are containing more trypsin inhibitors than
hexane meals (8.6 vs. 5.2 TUI/mg) while their proteins
solubilities (KOH) are lower (80 vs. 74%). The wet cooking
occurring in the desolventizers is performing better on these
beans than dryer-cookers used before ME. In the case of
rapeseed, the glucosinolates content of expellers is also higher
than for solvent extracted meals (15 vs. 8mMol/g) but the
proteins solubilities (KOH) are much higher (80 vs. 46%).
Desolventizing rapeseed is more difficult than desolventizing
soybean or sunflower, so, longer residence times are required
which results in lower proteins solubilities and lower GLS
(Wolff, 1983; Carré, 2021). However, these higher GLS
contents do not seem to reach levels likely to affect the value of
the oilcake and we will assume that they will not affect its
selling price. With oilseeds containing high oil content
(linseed, rapeseed/canola and sunflower), the most common
yield values are ranging between 80% and 90%. With
soybeans, yields are lower and ranging between 60% and
75%. Compared to hexane extraction which result in meals
containing oil content below 2%, the yields are ranging
f 10
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between 96–98% for rapeseed, 97–99% for sunflower and
about 92% for soybean.

Beyond yields, ME is also characterized by higher
variability in the water and oil content which is a cause of
incertitude for the feed users and generally leads to a reduction
of the value of the proteins meals.

In their literature review about mechanical oil extraction
Savoire et al. (2013) have gathered the typical oil residues in
press-cakes communicated by screw-press suppliers. For
Anderson, they range between 5% and 7%, 5% for Harburg
Freudenberger, 8–9% for La Mécanique Moderne (Olexa).
Even if the performances claimed by the suppliers are unequal,
a significant gap remains between these theoretical perfor-
mances and the real ones. This discrepancy can be explained
by a number of factors, including the fact that the suppliers’
performance figures are based on wear-free presses operating
with optimally conditioned seeds and feeding the press at its
nominal capacity, whereas the actual figures are based on
presses with average wear levels and operating with sub-
optimal conditioning as a result of the economic need to
minimise energy consumption and maximise throughput. For
more details on the possibilities and limitations of ME, readers
may refer to our article on this subject published in the same
journal (Carré, 2022).

2.1 Assessment of mater balance and added value

In terms of added value generated by the oil-mill, the lower
oil yields of ME are the cause of reduced value of the products
resulting from the crushing. Its calculation requires a reliable
assessment of the matter balance and of the value of expeller-
cakes which are not publicly quoted. Oil and protein meal
yields can be assessed from the composition data of the seeds
and the meals/cakes assuming no losses during the crushing
except at the level of the water which can vary because of the
drying/moisturizing caused by the process.

2.2 Calculation of the amount of meal/cake resulting
from the crushing (Z).

DDM ¼ 1� H � F
¼mass of defatted dry mater in 1 mass unit of seeds

ð3Þ

O ¼ X
DDM þ Y þ X

¼ oil content of the cake=meal ð4Þ

W ¼ Y
DDM þ Y þ X

¼water content of the cake=meal ð5Þ

With H: moisture content in the seeds (g/g), F: oil content
in the seeds (g/g), DDM: defatted dry matter in the seeds,
X amount of oil in the cake resulting of the processing of the
seeds, Y: amount of water in the cake.

X and Y are calculated after resolving the equation system
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Y ¼
W :DDM þ O:W :DDM

1� O

1�W � O:W
1� O

¼mass of water in the meal=cake ð6Þ

X ¼ O:DDM þ O:Y
1� Y

¼mass of oil in the meal=cake ð7Þ

Z ¼ DDM þ Y þ X
¼mass of meal=cake from 1 unit of seeds ð8Þ

A ¼ F � X
¼mass of oil extracted from 1 unit of seeds ð9Þ

With Sv: seeds value,Mv: meal value, Ov: oil value and Ev:
expeller cake value;WE,WM,OE,OM: the water and oil content
of expellers and meals (Tab. 2).

AVHexane ¼ ASolv:Ov þ ZSolv:MV � Sv
¼Added value with solvent extraction ð10Þ

AVME ¼ AME:Ov þ ZME:EV � Sv
¼Added value with mechanical extraction ð11Þ

The oil and water content of the seeds can be found in the
quality survey published in France by Terres Inovia each year.
Since the oil content were given in “standardised” seeds at 9%
of water and 2% of impurities, these figures have to be
recalculated according to the real impurities and water content.
Table 2 recapitulates these data for rapeseed and sunflower.

On the basis of these compositions and the equations (3) to
(9), it is possible to determine the matter balance for the
processing of 100 kg of seeds according to SE and ME.
Tables 2 and 3 gives the results of these calculations. The
differential in terms of oil recovery given in the last column
shows that 4.4 and 6.1 kg of oil for 100 kg of seeds are not
extracted in respectively rapeseed and sunflower press-cakes.

This lesser oil production is likely to reduce the added
value of ME but to have a substantial idea of that loss, it is
necessary to consider the higher mass of expeller and its
change in value related to its higher energy value.

3 Assessment of the value of expeller-cakes

The quotations of seeds, oils and solvent extracted meals
are regularly published but with the expeller which are not
marketed on the same scale we don’t dispose of the same
information. In consequence to assess this value, we have used
the method proposed by St-Pierre and Glamocic (2000) like in
a previous article on the techno-economic feasibility of the
rapeseed dehulling where it was used for assessing the
potential value of dehulled rapeseed meal (Carré et al., 2015).
In brief, it consists in using a basket of commodities which
f 10



Table 2. Average water and oil content in rapeseed and sunflower according to the Terres Inovia survey from 2014 to 2022, Feedbase/IO7 for
solvent extracted meals and expeller cakes (not for the Seeds).

Seeds Solvent extracted meals Expeller cakes

Dry Mater
(g/100g)

Oil content
(g/100g)

IO7 ref. Dry Mater
(g/100g)

Oil content
(g/100g)

IO7 ref. Dry Mater
(g/100g)

Oil content
(g/100g)

Rapeseed 6.8 44.9 194 88.6 2.1 2156 91.5 9.5

Sunflower 7.4 45.9 1 88.8 1.8 1690 92.0 12.1

Table 3. Matter balance for the processing of 100 kg of seeds according to solvent extraction and mechanical extraction.

kg for 100 kg of
processed seed

Solvent extracted meals Expeller cakes

Oil differential
Mass of oil Mass of meal Oil yield Mass of oil Mass of expeller Oil yield

Rapeseed 43.73 55.84 97.4% 39.30 58.90 87.5% 4.4

Sunflower 44.93 53.68 97.9% 38.83 58.45 84.6% 6.1
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quotations are available and which proximate composition is
known to determine an equation of price prediction (Eq. (12)).

Êvi ¼ K1:Pi þ K2:Oi þ K3:NDFi þ K4:Li þ K5 ð12Þ

With

*
 Êvi , predicted value of the commodity i,

*
 Pi, Proteins content of the commodity i,

*
 Oi, Oil content of the commodity i,

*
 NDAi, neutral detergent fiber of the commodity i,

*
 Li, lignin content of the commodity i,
K1 toK5 are coefficient adjusted to minimize the sum of the
square of the differences between predicted values and real
quotations.

The quotations of commodities are evolving with the time,
so the determination is valid only for a given conjuncture and
the adjustment must be established for each period.

This method is disputable since the nutritional value of the
residual oil as animal feed is not the same as the oil contained
in the seed awaiting to be extracted for use as food or as
biodiesel. Its utility is limited to the energy supply which is in
competition with starch energy which is cheaper in terms of
energy supply. In consequence, another approach for
assessing the valuation of the expeller will use nutritional
criteria. A second prediction equation (Eq. (13)) was used for
comparison.

Ê0
vi ¼ K0

1:Pi þ K 0
2:MEi þ K 0

3:DIGi þ K 0
5 ð13Þ

With:

*
 ME, metabolizable energy for growing pigs,

*
 DIG proteins digestibility for growing pigs.
Growing pigs values have been chosen because, these
animals are likely to be the best target for expellers cakes.
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Moreover, these parameters are available for all the feedstuffs,
which is not true for other more specific indicators.

Technically, the calculations were made using an Excel
spreadsheet and the K and K’ coefficients were determined by
using of the solver provided by Excel to minimise the sum of
the squared differences between predicted values and observed
prices by adjustment of the K coefficients.

In order to get a reliable assessment of the expellers values,
a sample of 35 conjunctures from June 2008 up to May 2024
was gathered (quotations were taken from “La Dépêche � Le
Petit Meunier”, weekly newspaper publishing agricultural
commodity prices on the French and international markets).
Table 4 gives the date of journal issues, the quotation of RSM
and SFM and the prediction values for their respective expeller
according to each method (proximal composition or nutritional
values). Table 5 presents the composition of the feedstuffs
considered in the computations from which Table 4 results.
The Figure 2 build from these data shows the relationship
between the real quotations of rapeseed and sunflower meals
and the corresponding expellers.

Without surprise, the predicted values of expellers are
correlated with the quotations of the solvent extracted meals
and are generally superior to those of solvent meals. With
predictions based on proximal values, the slope coefficients are
close to 1 for both rapeseed and sunflower expellers. The
values of sunflower expeller are higher than those of rapeseed
expeller which can be explained by the higher oil content of the
sunflower cakes. With the predictions based on nutritional
values, the slopes are diverging and generally, the rapeseed
expeller are showing better values than the sunflowers
expellers. This is mainly explained by the lower proteins
content of sunflower expellers and their lower metabolizable
energy (2480 kCal/kg vs. 3130 kCal/kg) and lower protein
digestibility (71.2% vs. 79.0%). In general, prediction based
on proximal composition are giving better R2 coefficients
than predictions based on nutritional values. It might be
tempting to keep only these predictions and ignore the other
but on the other hand, it seems likely that in the case of
f 10



Table 4. Quotations for meals of rapeseed (RSM) and sunflower (SFM) for 35 conjunctures, predicted value of expellers cakes (RS/SF/E)
according to their proximal composition or their nutritional content, and the R2 coefficient of the adjustments.

Date Quotations (€/t) Predictions based on proximal composition (€/t) Predictions based on nutritional values (€/y)

RSM SFM RSE SFE R2 RSE SFE R2

25juin08 215 183 266 255 0.880 319 230 0.810

2dec08 145 100 163 159 0.923 197 157 0.875
23juin09 165 128 193 179 0.859 233 156 0.837
18Dec09 170 115 194 183 0.870 232 148 0.774
25juin10 182 165 228 210 0.913 252 164 0.778
17Dec10 229 175 255 247 0.897 289 199 0.775
10juin11 209 198 214 0.855 276 206 0.870
14Dec11 180 135 203 205 0.890 249 176 0.811
13juin12 245 215 276 259 0.912 323 248 0.599
12Dec12 306 247 316 294 0.974 369 269 0.887
juin13 308 246 309 286 0.909 347 258 0.841
17Dec13 249 185 261 244 0.847 305 232 0.820
15Avr14 284 192 283 258 0.851 318 241 0.872
16Dec14 241 195 258 230 0.930 286 206 0.888
23juin15 258 198 266 240 0.932 284 204 0.834
15Dec15 202 165 226 215 0.919 260 190 0.791
21Juin16 253 195 274 247 0.884 294 205 0.823
13Dec16 217 160 247 228 0.947 272 188 0.837
20juin17 208 145 221 206 0.899 245 177 0.822
19Dec17 198 146 213 206 0.932 245 179 0.873
26Juin18 224 195 256 236 0.902 273 205 0.905
18Dec18 247 209 265 243 0.908 277 224 0.874
25Juin19 233 190 258 238 0.900 275 213 0.873
17Dec19 232 181 250 233 0.910 268 203 0.845
23Juin20 242 197 257 233 0.933 269 206 0.849
15Dec20 280 253 311 280 0.960 333 238 0.802
25Juin21 292 264 347 314 0.969 352 262 0.853
29juil21 272 250 330 304 0.966 352 257 0.872
16Dec21 357 378 338 0.917 387 268 0.864
24mars22 435 405 490 454 0.930 614 381 0.912
21juin22 365 315 414 385 0.959 461 333 0.819
15Dec22 380 303 394 368 0.851 432 335 0.731
29Juin23 329 285 374 332 0.887 357 294 0.632
14Dec23 325 258 365 328 0.866 366 283 0.682
2Mai24 308 224 307 284 0.860 334 247 0.819

Table 5. Composition of the basket of commodities used for the determination of the predicted value of expellers cakes.

Proteins
(g/100g)

Oils
(g/100g)

NDF
(g/100g)

ADL
(g/100g)

ME (pig)
(kCal/kg)

digestibility of
Proteins (%)

Rapeseeds 18.6 44.7 15.5 4.8 5130 76.0

Soybean seeds 15.0 45.1 22.8 4.8 3570 85.2
Sunflower seeds 36.8 17.5 12.1 0.7 4360 78.8
Corn 8.1 3.8 10.7 0.5 3290 80.5
Beet pulp (dehydrated) 8.2 0.8 42.6 2.2 2440 50.9
Barley 10.1 1.8 18.4 1.1 2970 74.5
Wheat 11.0 1.4 12.4 1 3266 88.5
Bran 15.0 3.3 38.5 3.2 2110 70.7
Alfa-alfa (dehydrated) 15.8 2.7 41.9 7.7 1800 64.6
Corn Gluten Feed 19.3 3.0 34.9 1.2 2496 74.3
Pea 20.72 1.0 12.5 0.35 3202 84.8
DDGS 24.6 3.7 34.8 2.0 3358 72.0
Broad beans (feed grade) 24.9 1.1 14.7 1.1 2979 82.6
Sunflower meal (whole) 28.2 1.9 40.8 9.5 1930 69.3
Wheat distiller grain 30.2 4.2 28.5 3.1 2790 71.2
Rapeseed meal 33.9 2.4 28.1 8.7 2600 76.6
Hulled sunflower meal 34.8 1.4 33.3 7.3 2450 77.8
« 48 » soybean meal 45.6 1.8 12.26 0.63 3220 86.7
Expeller rapeseed 32.3 9.5 32.4 10.1 3130 79.0
Expeller sunflower 25.1 12.1 38.1 8.0 2480 71.2

Source: Feedtables.
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Fig. 2. Relationships observed between the value of the solvent
extracted meals of rapeseed and sunflower and their expeller
equivalent according to 2 methods of value prediction in 35
conjunctures between June 08 and May 24.
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sunflower, these predictions could be overoptimistic and lead
us to biased assessment. Since markets are also reacting to
many other factors, it seems possible to consider that these
predicted values will give us a rather good idea of the
expellers prices in general trend but with rather large
incertitude in individual data. An illustration of this
incertitude is given by Figure 2 which represents a plot of
seeds prices versus oil prices for rapeseed, sunflower and
soybeans on the period 1998 to 2024. The R2 coefficient for
the linear regression between sunflower seeds and oil prices is
0.79 (n = 1198). That means that only 79% of the variability of
the seeds is explained by the price of the oil, 21%are due to other
factor like the price of proteins, and the market position of other
feedstuffs. In conclusion, it seems possible to assume that the
predicted values based on proximal composition and nutritional
values are giving the range within which the real prices are the
most likely tobe found,knowing thatother factorswill playa role
in the determination of real prices. Nevertheless, these estimates
are giving the general trends aroundwhich the realmarket prices
will fluctuate and the linear regression given in Figure 2 can be
used to assess the price of expeller-cakes in any context on the
basis of the hexane extractedmeals price. This valuewas used to
perform the following computations regarding the added value
of the ME process.
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4 Comparison between added values of
hexane extraction and mechanical extraction

Basedon this assumption, andon themater-balancesgiven in
Table 2, the added value for SE and ME can be calculated
according to equation (9) and (10) for at any date where
quotations for oils, seeds and meals are available using the
Figure 3 linear regressions to get the value of the expellers cakes.
Adataset of574observationsgathering thequotations from2010
to 2024 was used to produce a yearly summary from which the
Figure 4 was conceived.

The cloud of dots is stretched toward the right because of
the exceptionality of years 2021 to 2023. Crushing rapeseed is
generally adding more value than crushing sunflower with
most of dots observed between 100 and 150 €/t for rapeseed on
the horizontal axis while the equivalent range is between 50
and 90 €/t for sunflower. This difference could be caused by a
fiercer competition with eastern Europe crushing industry in
the case of sunflower, but that remains to be evidenced. The
dashed green line is the delimitation of the area where added
values of ME would be superior to the added value of SE. At
the exception of a few dots concerning sunflower AV based on
proximal composition of expellers, the lower yields of
extraction resulting from ME are leading to reduced value
generated by the processing of the seeds. With rapeseed, the
average reduction of added value is between 24% for the
computations based on the nutritional value of the cakes and
37% when the proximal composition is used to predict their
value. Regarding sunflower the range is comprised between
11% when the cake value is assed according to its proximal
value and 36% if its nutritional value is considered.

The slopes of the regression lines are all less than 1, which
means that the higher the crushing margins, the greater the
differential between the processes. This effect is more
pronounced in the case of sunflower than rapeseed if we
compare the estimates based on the nutritional values of the
meal. The opposite is true for predictions based on proximal
compositions. These trends are explained by the higher oil
content considered for the sunflower cakes and the methodol-
ogy which confers more value to this oil when the price of the
cakes is assessed from the proximal composition. Knowing
that these cakes will be used to feed farm animals, this
methodology is less reliable than the other one based on the
nutritional values of the cakes.

5 Conclusion

A shift toward mechanical extraction would results in a
reduction in oil yields about 10–12 points. This decrease would
lead to a reduction in added value of about 30% due to a lower
production of oil which is not compensated by the higher
production of expeller-cake in which the residual oil has a
lesser value. The variability observed in Table 1 about the oil
content in expellers cakes demonstrates that better perfor-
mances are possible with ME, but it is also true for worse ones.
This variability is multifactorial and englobes both parameters
that depends on the process control and parameters that
depends upon the seeds quality. There is room for
technological improvement and better performances, but
f 10
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it seems that ME will remain more sensitive to the variability
of the oilseeds quality and there are limits to better
extraction yields determined by processing cost, the oil and
meal quality and the physical possibilities of the method. In
general, increasing the intensity of the conditioning, for
example by use of extruders, can enhance the yields of
extraction but increases the cost of processing (extruder
require high energy input and high maintenance costs), and
high temperature can promote the oil oxidation and reduce
the proteins digestibility.

For speciality markets like for organic farming or GMO-
free chain values the consumer can accept the consequences of
the lower competitiveness related to this way of production,
but with the commodities market where concerns for
environment, sustainability or reticence to genetic manipu-
lations are not considered, mechanical extraction generates
less added value than solvent extraction.
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