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ULTRAVIOLET, VISIBLE, AND INFRARED
WAVELENGTHS FOR DETERMINATION OF PALM OIL
QUALITY

A. A. El-Rahman’ H. A. A. Badawy 2

ABSTRACT

The palm oil gives the highest yield of oil per unit area of any crop and
produces two distinct oils, palm oil and palm kernel oil. The palm oil was
heated at 180 °C. for six durations (3, 6, 9, 12, 15, and 18 h.) to measure
deterioration and exposure by visible and invisible lights, to determine
optical characteristics of oils. Three light regions, ultraviolet (200-400nm),
visible light (400-700nm), and near infrared (700-900nm) were used in the
present work. The obtained results are summarized as follows: 1) The high
transmission percentages were found 93.691, 92.411 and 4.942 % for using
wavelengths of 900 nm (infrared light), 700 nm (visible light) and 400 nm
(ultraviolet light), respectively., 2) The absorption percentages were
increased for using from 900 to 700 nm (Near Infrared lights), from 700 to
400 nm (visible lights), and from 400 to 200 nm (Ultraviolet lights).
Meanwhile, the transmission percentages were decreased, 3) The highest
absorption percentages through heated palm oil were of 0.104, 1.38, and
6.23 % when using 700 nm (Near infrared light), 400 nm (visible light), and
200 nm (ultraviolet) wavelengths., 4) It is possible to use 900 nm (infrared)
or 700 nm (visible) wavelengths with 74.18 and 73.84 % as measuring
quality of heated palm oil. Meanwhile, 200 nm of wavelength was used as
absorption percentage of quality measuring because of the palm oil started
deterioration as oxidized is 1.11% (more than 1%)., 5) The heating times
were increased from 3 to 18 h., that lead to increased oxidized fatty acid,
Polymer, acid value, peroxide value, viscosity, and reflective index, from 0.19
to 1.11%, from 0.15 to 1.78%, from 0.15 to 0.82 mg KOH/g, from 1.1 to 10.1
meq O; /kg, from 69 to 122 C.P., and from 1.4646 to 1.4676 no., respectively.
Meanwhile, the iodine value was decreased from 58.2 to 54.6 g I, /100 g
sample.,
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and 8) The changing in heating time of palm oil changes physical and
chemical characteristics which, lead to increased absorption percentages of
ultraviolet light with 200 nm wavelength from 4.409 to 6.226%. Meanwhile,
the decreases in transmission percentage of infrared 900 nm wavelength
from 93.691 to 74.189 and of visible light of 700 nm wavelength from 92.411
to 73.878%.

INTRODUCTION
he palm oil (Elaeis guineensis Jacq.), native of West and Central

Africa, is planted globally on 10 million hectares. Reaching a

production of 24 million tonnes oil in 2000. Palm oil has become the
most important oil crop next to soybean.
West (1985) observed that the chemical and physical properties of edible oils
depend primarily on composition and temperature. Some bulk parameters for
different vegetable oils of some Slovene manufacturers focus on electric
properties of oils.
Knutson et al. (1987) showed that an increase in temperature in a food or
any material can be achieved in three possible ways, namely, conduction,
convection and radiation. In conventional cooking methods, food is normally
heated by conduction and convection, whereas heating through radiation uses
radio frequency waves, microwave, and infrared radiation. While the infrared
radiation is employed for surface heating, as the IR waves cannot penetrate
below the surface. Microwave, on the other hand, penetrates food and
produces heat from inside out.
Mudgett (1989) reported that the quantum energy can break the chemical
bond when it exceeds the chemical energy. Gamma rays and X-rays, which
have short wave lengths, high frequency and high energy, are capable of
breaking the chemical bonds. Microwave and radio waves, which come under
long wavelength, low frequency, low energy category, do not have enough
energy to break chemical bonds.
Hui (1996) mentioned that several semi-empirical equations have been
developed that relate the property of interest (e. g. time for fat to drain from a
fried potato chip) to independently measurable bulk properties (e.g., density,
viscosity, surface tension, etc). With these equations, it is possible to predict
how changes in the properties of oil alter the efficacy of a process.
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Baumann et al. (1998) referred to the vegetable oils and fats as important
constituents of human and animal foodstuffs. Certain grades are industrially
used, and together with carbohydrates and proteins, are important renewable
resources compared to fossil and mineral raw materials, whose occurrence is
finite. The sources of oils and fats are various vegetable and animal raw
materials with the vegetable raw materials soybean, palm, rapeseed and
sunflower oil being the most important ones.

Martin (1998) observed that there are two types of lipids—fats and oils. Fats
come from animals and are solid at room temperature. Oils come from plants
and are liquid at room temperature. Oils are necessary in the diet as a source
of non-saturated fatty acids, in order to give flavor to foods, as sources of fuel
for the body.

Rudan and Klofutar (1999) showed that the vegetable oils were examined
and the following indices determined: peroxide value, acid value, iodine
value, specification number, specific gravity, refractive index at 298.15 K.
Some empirical relations between physical and chemical constants were
fitted to the experimental data and the correlation constants for the best fit are
presented.

Eisenberg et al. (2000) mentioned that the properties of a discrete diffraction
are different. The diffraction can be managed from normal to zero and
anomalous depending on the beam incidence angle. The influence of light
intensity on the refractive index distribution appearing in non- linear
materials makes it possible to control optically discrete diffraction strength,
which leads to the propagation of self-trapped beams.

Hill (2000) cleared that special attention must be given to coconut oil and
palm kernel oil because of their high share of fatty acids with a short or
medium chain length (mainly 12 and 14 carbon atoms: C12, C14). Palm,
soybean, rapeseed, and sunflower oil, as well as animal fats such as tallow,
contain mainly long-chain fatty acids (e.g., C18, saturated and unsaturated)
and are used as raw materials for polymer applications and lubricants.
Pantzaris and Ahmed (2000) said that the palm kernel oil is more
unsaturated and so can be hydrogenated to a wider range of products for the
food industry, while coconut oil has a somewhat greater content of the more
valuable shorter-chain fatty acids, which makes it a little more valuable for
the oleo chemical industry.
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Suzushi et al. (2002) mentioned that the refractive indices versus wave
number for the real and imaginary parts of water, freon, and heptane and only
the real part of benzene, gas oil, and crude oil. The reason for this is that the
real part of the refractive index of the latter three is so close to that of the
prism that there no longer exists a situation of attenuated total reflection. As
most of the intensity is transmitted into the liquid, the intensity at the detector
decreases dramatically.

Atinmo (2003) reported that palm oil is obtained from the fleshy mesocarp,
which is 45-55 percent oil by weight. The oil melts over a range of
temperatures of 25-35 °C. It is light yellow to orange red in color, the depth
of color depending on the amount of carotenoids present, the amount of
lipoxidases in bruised fruit stored for various periods before processing, and
oxidation, catalysed by iron, during processing and bulking; for edible fat
manufacture in Europe.

Abramovi et al. (2005) determined the peroxide value (PV) of fresh
camelina oil was (2.38 £0.01) meq O2/kg, while after 1 month in daylight at
room temperature PV reached (21.0 £0.1) meq O2/kg. When stored in
darkness PV was (8.12 +0.08) meq O2/kg. In the fresh oil, the p-anisidine
value (AV) was 6.2 +0.1, after 11 months at room temperature 10.4 +0.1, and
after the same time at 8 °C in darkness 7.1 +0.1.

Ruyz et al. (2005) mentioned that the near infrared spectra were obtained
using an Ocean optics NIR512 spectrometer with an InGaAs detector and a
halogen tungsten lamp in a wavelength range from 850 to 1700 nm. Principal
Component Analysis (PCA) of the NIR spectral data can be used for edible
oil classification by temperature.

Objective

The aim of: (1) describing general characteristics of the heated palm oil, (2)
determined some physico-chemical properties of heated palm oil such as oil
fatty acid, iodine value, acid value, peroxide value , polymer, viscosity and
reflective index under different heating conditions, and (3) select suitable
wavelength from ultraviolet, visible and infrared lights to high oil quality.

MATERIAL AND METHODS
The experiments of chemical analysis were done in Oils Department, Food
Technology Institute, Agricultural Research Center and measurement of the
optical characteristics of heated palm oil were done at in the Laboratory of
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Laser Applications at the National Institute of Laser Enhanced Science, Cairo
University, to select suitable wavelength from visible and invisible lights
(Ultraviolet, Visible, and Infrared wavelengths) to measure palm oil quality.
Sample preparation: Palm oil was obtained from department of oils, Food
Technology Institute, Agricultural Research Center, Giza Governorate. The
palm oil was heated at 180 °C. for six durations (3, 6, 9, 12, 15, and 18 h.) to
measure deterioration of oil and exposure to visible and invisible lights to
determine optical characteristics of oils at different wavelengths. Also,
physical and chemical properties were measured.

Optical properties: The light beam passes through sample cell of oil. The
transmission of incident beam and the absorption percentages of palm oil
were measured in the spectrophotometer with a 200 to 900 nm wavelength
range. Diagram of beam, which passes through the spectrophotometer and
photo it is shown in (Fig .1).

Setup: The experimental setup consisted of spectrophotometer; visible,
invisible lights, filter, lenses, holders, quartz cuvette, and personal computer.
Spectrophotometer: Spectrophotometer is a laboratory grade double-beam
UV/VIS spectrometer. The instrument can be operated through the PC.
Specifications of spectrophotometer are illustrated in table (1).

Table (1): Specifications of Perkin Elmer Lambda 40 UV/VIS
spectrophotometer.

Items Specifications

Model: Lambda 40

Made USA

Wavelength Range: (nm), 190-1100

Wavelength Accuracy: (xnm) | 1

Resolution: (nm) 0.5,

Max Scan Speed: (nm/min) 2800,

Monochromator: 1440 ruled line Grating,

Detector Silicon diode

Slit Width: 2.0 nm,

Grating, mm Holographic, concave with grating 1053 lenses
Light sources: 6 V/20W Deuterium and Tungsten- Halogen Lamps
Dimensions: LxWxH" 26x9x 22

Mass: 26 kg.
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1- Source lamp,
2- Beam splitter,

3- Sample cell, —
4- Reference cell, _|_
5- Mirror, —
6- Photo detector, l

7- Optical wedge,
§- Computer.
Reference — Sample = Absorbance

(a): Diagram of a double beam spectrophotometer.

(b): Photo of spectrophotometer.
Fig. (1): Diagram of double beam and photo of spectrophotometer

The 14", Annual Conference of the Misr Society of Ag. Eng., 22 Nov., 2006 782



Lamps: The light source for the UV wavelength range is a Deuterium lamp,
this lamp emits light from 190 nm to 380 nm wavelengths. Meanwhile, light
source for the visible and NIR wavelength range is a Tungsten lamp; this
lamp emits light from 370 nm to 1100 nm wavelengths.

Light types: Three lights, ultraviolet with wavelengths from 200 to 400 nm,
visible light with wavelengths from 400 to 700 nm, and near infrared with
wavelengths from 700 to 900 nm were used in the present work as a light
source.

Lens: The lens receives the light from both lamps (Deuterium and Tungsten
lamps) and collimates it, then the beam passes through the sample.

Shutter: The shutter is electromechanically actuated; it opens and allows
light to pass through the sample for measurements. It closes to limit exposure
of sample to light.

Stray Light Filter: Sample intensity spectra are measured without stray-light
filter in the light beam. Without the filter, the intensity spectrum over the
whole wavelength range from 190-1100 nm is measured. The stray-light
filter is a blocking with 50 % at 420 nm, and the light place of this filter was
measured below 400 nm.

Quartz sample cells (cuvette): Sample cells with quartz face plates are
required to use the full 190 to 1100 nm wavelength range, Two optical
windows with 1cm/10mm path length; outer dimensions of 12.4x12.4x45mm
for standard fit and sample volume of 3.5 ml.

Computer: Utilized the software, which shows the results of optical analysis
of oils (Agilent Chem. Station Software).

Physical and chemical characteristics of palm oil:

The following physical and chemical characteristics were measured
according to the methods described in the (A.O.A.C., 1990): reflectivity
index, viscosity, oxidized fatty acids, peroxide value, acid value, and iodine
number. All tests were performed in triplicate.

RESULTS AND DISCUSSION
Fig. (2) shows the transmission percentages of ultraviolet, visible, and
infrared lights with different wavelengths through heated palm oil. It was
noticed that the high transmission percentages were found of 93.691, 92.411
and 4.942 % for using wavelengths of 900 nm (infrared light), 700 nm
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(visible light) and 400 nm (ultraviolet light), respectively. Generally, the
transmission percentages decreased when using infrared lights from 900 to
700 nm, visible lights from 700 to 400 nm, and ultraviolet lights from 400 to
200 nm wavelengths for all treatments.

The results showed that the transmission percentages were obtained from
using wavelengths infrared and visible lights nearly equally. Therefore, it
possible to use 900 nm (infrared) or 700 nm (visible) wavelengths as quality
measuring of heated palm oil, but it is preferable to use 700 nm wavelength
of visible light because of it is more common in uses than others. So, in the
case, using the transmission percentage as measuring, relight select visible
light with wavelengths ranging from 700 to 580nm.

Fig. (3) illustrates the absorption percentages of ultraviolet, visible, and
infrared lights with different wavelengths through heated palm oil. Generally,
the absorption percentages were increased from 900 to 700, from 700 to 400,
and from 400 to 200 nm wavelengths for near infrared, visible and ultraviolet
lights, respectively. Therefore, the absorption percentages were increased by
the decreasing light wavelengths. The results showed that the highest
absorption percentages through heated palm oil were of 0.104, 1.38, and 6.23
% when using 700 nm (Near infrared light), 400 nm (visible light), and 200
nm (ultraviolet) wavelengths. The absorption percentage was obtained by
using ultraviolet light wavelength used as measuring for palm oil quality.
Therefore, it is possible to use 900 and 700 nm of wavelengths as
transmission percentage for measuring quality of palm oil. Meanwhile, the
wavelength of 200 nm can be used as absorption percentage in measuring.

Fig. (4) indicates the transmission and absorption percentages through heated
palm oil when using ultraviolet wavelength, visible, and infrared lights.
Generally, the absorption percentages decreased from 900 nm to 700 nm to
and 200 nm by increasing the heating time from 3 to 18 h., while the
transmission percentage decreased.
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Fig. (2): Transmission percentages of heated palm oil at different
wavelengths
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Fig. (3): Absorption percentages of heated palm oil at different wavelengths
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Fig. (4): Transmission and absorption percentages through heated
palm oil

at high wavelengths for Ultraviolet, Visible and Infrared lights.

Also, the same figure shows the absorption percentages increased from 4.409
to 6.226%, from 1.386 to 1.982%, and from 0.034 to 0.104% for 200nm
(ultraviolet light), 400 nm (visible light), and 700 nm (near infrared light) of
wavelengths, respectively during heating time from 3 to 18 h. Meanwhile, the
transmission percentages decreased from 93.691 to 74.189%, from 92.411 to
73.878%, and from 4.942 to 1.055%. From previous results, the ultraviolet
light with 200 nm wavelength was considered as absorption measuring for
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palm oil quality. Meanwhile, the infrared light with 900 nm of wavelength or
the visible light with 700 nm wavelength are considered as transmission
measuring for palm oil quality.

Table (2): Physical and chemical characteristics of the palm oil.

Sam | Heat | Peroxi | lodine | Acid Oxid | Poly | Reflec | Visc
ple ing de value, | value, |ized | mer, tive osity
time, | value, | IV AV fatty | P index ,
h PV (g L|(mg acid, | (%) (RI), | C.P.
(meq | /100 KOH/ | OFA no.
0O./kg) | 2) g (%)
0 0 1.1 58.2 0.15 | 0.19 | 0.15 | 1.4646 | 69
1 3 6.5 57.11 0.22 | 0.31 | 0.26 | 1.4655| 73
2 6 9.26 56.88 0.31 | 0.38 | 0.61 | 1.4663 | 78
3 9 11.13 | 56.35 0.36 | 0.45 | 0.81 | 1.4671 | 99
4 12 12.12 | 55.25 049 | 0.58 | 096 | 1.4672 | 105
5 15 11.03 | 55.13 0.53 | 0.79 | 1.43 | 14674 | 111
6 18 10.01 54.6 0.82 | 1.11 | 1.78 | 1.4676 | 122

Figs. (5) and (6) and table (2) shows the effect of heating time on
transmission and absorption percentages and some physical and chemical
characteristics of palm oil. It was noticed that the heating time increased from
3 to 18 h., that the increases lead to absorption increase and decrease of
transmission, which lead to increased oxidized fatty

acid (OFA), polymer (P), acid value (AV), peroxide value (PV), viscosity
(V), and reflective index (RI) from 0.19 to 1.11%, from 0.15 to 1.78%, from
0.15 to 0.82 mg KOH/g, from 1.1 to 10.1 meq O,/kg, from 69 to 122 C.P.,
and from 1.4646 to 1.4676 n, respectively.

Meanwhile, the iodine value (IV) decreased from 58.2 to 54.6 g I, /100 g
when heating times of palm oil ranged from 3 to 18 h. That means, the
changing in heating time of palm oil changes physical and chemical
characteristics which, lead to increased absorption percentages of ultraviolet
light with 200 nm wavelength from 4.409 to 6.226%.
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Meanwhile, the decreases in transmission percentage of infrared 900 nm
wavelength was ranged from 93.691 to 74.189%, and visible light of 700 nm
wavelength was ranged from 92.411 to 73.878%.

Also, table (2) shows the deterioration of palm oil will start after 18 hours of
heating time, which oxidization fatty acid more than 1% (1.11%). As well,
the transmission percentage measuring can indicate start of deterioration of
palm oil with 73.87 and 74.18 % when using 700 nm (visible light ) and 900
nm (infrared light) wavelengths, respectively. Meanwhile, the absorption
percentage when measuring can be using in 6.226 % at 200 nm (ultraviolet
light).

CONCLUSION
The obtained results are summarized as follows:

1- The light transmission percentages were found of 93.691, 92.411 and
4.942 % for using wavelengths of 900 nm (infrared light), 700 nm
(visible light) and 400 nm (ultraviolet light), respectively.

2- The absorption percentages increased when using from 900 to 700 nm
(Near Infrared lights), from 700 to 400 nm (visible lights), and from
400 to 200 nm (Ultraviolet lights). At the meantime, the transmission
percentages decreased.

3- The light absorption percentages, which passed through heated palm
oil were of 0.104, 1.38, and 6.23 % when using 700 nm (Near infrared
light), 400 nm (visible light), and 200 nm (ultraviolet) wavelengths.

4- The absorption percentage was obtained by using ultraviolet light
wavelength, to be used in measuring for quality palm oil.

5- It is possible to use 900 nm (infrared) or 700 nm (visible)
wavelengths as measuring quality of heated palm oil but it is
preferable to use 700 nm wavelength of visible light because it is
more in common uses than others. Meanwhile, 200 nm wavelength
was used as absorption percentage in measuring.

6- The heating times were increased from 3 to 18 h., that lead to
increased oxidized fatty acid, polymer, acid value, peroxide value,
viscosity, and reflective index from 0.19 to 1.11%, from 0.15 to
1.78%, from 0.15 to 0.82 mg KOH/g, from 1.1 to 10.1 meq O, /kg,
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from 69 to 122 C.P., and from 1.4646 to 1.4676 no., resp. While, the
iodine value decreased from 58.2 to 54.6 g I, /100 g sample.

7- The changing in heating time of palm oil changes physical and
chemical characteristics, which lead to increased absorption
percentages of ultraviolet light with 200 nm wavelength from 4.409 to
6.226%. Meanwhile, this decreased transmission percentage of
infrared 900 nm wavelength from 93.691 to 74.189 and of visible
light of 700 nm wavelength from 92.411 to 73.878%.
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