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Abstract: The aim of this paper was to demonstrate the appli-
cation of near infrared spectroscopy in on-time production qual-
ity control process of rapeseed oilcake. Traditional methods for
quality control of rapeseed oilcake are time-consuming, expen-
sive and destructive for the environment.Partial least squares
regression models were developed for rapid and environmentally-
friendly estimation of important technological factors for rape-
seeds oilcake, using data collected by near infrared spectroscopy
and measured parameters. Determination coefficients (R2) of
0.94, 0.97 and RMSECV error of 0.0016, 0.0026 were obtained
for moisture and total fat content, respectively. All parameters
show sufficient accuracy for routine quality process control of
rapeseed oilcake.

1. Introduction

Rapeseed oil production begins with preliminary mechanical oil pressing with screw
presses. The product of this process, containing up to 18% of rapeseed oil, can undergo
solvent extraction or deep pressing. The extraction process consists of multiple elution
of rapeseed oil from crushed rapeseeds with an organic solvent, usually hexane. The
rapeseed cake contains less than 2% of lipids, but the crude oil is contaminated with
high amount of phospholipids. On the other hand, deep pressing is based on an
extrusion process causing the temperature of rapeseed cake to rise above 120◦C. In
this temperature, the myrozinaze enzyme is deactivated, preventing the enzymatic
decomposition of glucosinolates and decreasing contamination with their degradation
products in oil and rapeseed cake, thus allowing secure storage. As a result of the
extrusion process the temperature of press-cake is increased which enables the removal
of water interfering in subsequent pressing, as well as the mechanical expelling of an
additional quantity of rapeseed oil. The oil content in thus obtained rapeseed cake is
less than 9%, making it a very valuable material for animal feed.
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Monitoring of the technological indicators of the pressing process allows for instant
decision making in relation to modifying the conditions and parameters of the process,
in order to ensure profitability of production.

The most important physicochemical parameters of rapeseed cake, and thus the
optimisation indicators of the pressing process and the product quality, are fat and
moisture. For example, fat content below 9% indicates the correct operation of the
pressing process. Fat content above 9% means that a change of the settings of the
screw presses and operating temperature in extruders is required. Therefore, moni-
toring these indicators is essential for the quality of the product and the efficiency of
the pressing process of rapeseed oil.

Unfortunately, current methods of quality control for these indicators are time-
consuming, costly and wasteful. For example, the standardized analysis of fat content
in the rapeseed cake takes approximately 7 to 8 hours, which reduces the flexibility and
speed of adjustments of the pressing equipment settings. The adjustment of param-
eters cannot happen until the next shift, which normally results in faulty processing
of about 30 tons of rapeseed (depending on the efficiency of the compressor).

Spectroscopic methods combined with multivariate data analysis are very often
applied to quality control of raw materials and final products. The use of near-infrared
spectroscopy can shorten the chemical analysis to several minutes, determine several
parameters at the same time, as well as reduce analysis costs and the amount of
waste. Currently, near-infrared spectroscopy is used in the study of food, agricultural
products, polymers, cosmetics, textiles, in pharmaceutical industry and in medicine.
It can be used for both qualitative (Indahl et al., 1999; Smola and Urleb, 2000), and
quantitative analysis (Sjöström et al., 1996). The advantages of NIR spectroscopy
are speed and precision, which makes it very useful for the analysis of the production
process, e.g. in tracking the course of wine fermentation (Zeaiter et al., 2006) or
determining sugar content in fruits and fat content in pork and beef (Huang et al.,
2008).

Regression PLS (Partial Least Squares) is an example of a calibration model en-
abling the use of spectroscopic methods for quantitative and qualitative analysis. The
calibration methods enable quantitative determination of physicochemical parameters
on the basis of data consisting of the near-infrared spectrum of the analyzed substance.

The aim of the present study was to develop a rapid and environmentally-friendly
method to control the most important technological indicators of the rapeseed oil
pressing process, based on the near infrared spectroscopy and chemometric models.

2. Materials and methods

2.1. Sample

The samples of rapeseed cake (n = 20) were obtained in the pressing process of
rapeseed oil in the Insta Pro technology. Rapeseed used in the process was cultivated
in the Wielkopolska region of Poland. All samples were collected over several weeks,
in order to achieve a higher diversity of samples.
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2.2. Reference chemical methods

All quality parameters were determined according to Polish standardized methods.
All analyses were prepared and carried out in two independent single tests using
the same method on identical test material. PN-EN ISO 734-1:2000 (Oilseed meal -
Determination of oil content - extraction with hexane or light petroleum) standard
was used to determine the total fat content in the rapeseed oilcake. Moisture content
of rapeseed oilcake was determined according to PN EN ISO 665:2004 (Oilseeds -
Determination of moisture and volatile matter content).

2.3. Near Infrared Spectroscopy and calculation

Near-infrared spectra were recorded in the range from 12500 to 3600 cm−1 using a
Bruker Optik GmbH spectrophotometer. The spectra of the samples were recorded
six times for each sample, and were obtained as an average of 32 scans. The cuvette
was cleaned with methanol after each measurement. All measurements were done
at 25◦-27◦C. To obtain more accurate results it was necessary to ground the rape-
seed oilcake before recording of the spectra. The spectra were recorded in reflectance
mode. Partial Least Squares method was used to calculate regression models for the
analyzed physicochemical parameters and near-infrared spectra. All calculations were
conducted using the Unscramber CAMO software. The collected spectroscopic data
was divided into two sets: a calibration and a validation group. Standard normal vari-
ate (SNV) transformation was applied in order to minimize the variance of measured
spectra.

3. Results and discussion

Two measurements of quality parameters were conducted using the same method
on identical test material. The mean of the two results was used to prepare the
calibration and prediction sets of data. Total fat content ranged from 11.36% to
16.46%, moisture was in the 7.38% - 8.59% range. Those results are standard for the
production cycle and are representative for the study.

Fig. 1 shows the near-infrared spectrum of rapeseed oilcake. The use of chemomet-
ric methods enabled to combining the spectroscopic data with the physicochemical
quality parameters and thus the creation of regression models enabling prediction of
the value of the measured parameters.

Tab. 1 depicts values of determination coefficient (R-squared), slope, intercept and
error RMSEC for each calibration model for rapeseed oilcake. Obtained results show
the excellent fit of the chemometric models, which were prepared for the complete
wavelength range.

Fig. 2 illustrates the calibration plot of near infrared PLS model against the actual
values of total fat content in rapeseed oilcake. The plot shows strong linear relation-
ship between the predicted and the actual values. Similar results were obtained for
moisture. For example rapeseed oilcake PLS1 model predicted moisture at 8.596%,
with actual value of 8.590%.

The use of near-infrared spectroscopy combined with multivariate data analysis
allowed to predict important quality parameters of rapeseed oilcake. A fast analytical
technique such as NIRS with multivariate data analysis has many advantages com-
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Tab. 1. The values of the parameters in the PLS equation obtained for rapeseed oil-
cake

R-square RMSEC Offset Slope

Total fat content 0.998810 0.000436 0.000163 0.998810

Moisture 0.993443 0.024555 0.051452 0.993443

pared with standard methods. NIRS analysis is carried out with considerable savings
of time and cost, and without using hazardous chemicals. Prepared PLS models en-
able determination of technological indicators of samples in the space of few minutes
without any chemicals. Using this technique would influence the quality of rapeseed
oil pressing, as it allows for earlier adjustment of the process parameters and con-
ditions to the raw material used. The possibility of quick determination of the fat
level in the rapeseed oilcake would enables us to monitor the efficiency continuously
and/or to introduce technological changes in the process.

The results demonstrate that NIRS with multivariate data analysis is a valuable
tool for prediction of the quality parameters of rapeseed oilcake as well as a rapid and
environmentally-friendly technique for on-time monitoring of the production process.

Fig. 1. Near-infrared spectrum of rapeseed oilcake
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Fig. 2. Calibration plot showing NIR predicted values versus measured total fat con-
tent
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