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ABSTRACT 

Palm oil was heated at 180
 o

C for six times (3, 6, 9, 12, 15, and 18 hours) to measure some physical, 
chemical and optical properties. Palm oil was exposure to laser beam to determine optical properties of 
oils using (He-Ne) lasers with wavelengths 632.8 and 543.5 nm. The obtained results are as follows: 
(1)  Chemical properties such as oxidized fatty acid, acid value and peroxide value were increased by 
increasing heating time, but the iodine value was decreased. Meanwhile, physical properties such as 
viscosity and reflective index were increased at the same of heating times., (2) By increasing heating 
time of palm oil from 3 to 18 hrs, the absorbed of wavelengths of  laser beam with wavelength 543.5 
nm was more absorbed than 632.8 nm. Meanwhile, the transmission of laser beam with wavelength 
543.5 nm was more high transmission than 632.8 nm., (3) The deterioration of palm oil was started 
after 16 hours of heating at the light intensity 228 and 368 lux of transmission for wavelengths of 
543.5 and 632.8 nm., (4) There are high relation between heating time and chemical, physical, optical 
properties. The R square was ranged  from 0.83 to 0.97, from 0.89 to 0.96 and from 0.95 to 0.98 for 
chemical, physical, and optical properties with heating., and (5) From optical properties we can 
determine the quality of oil using the laser transmission or absorbed as a detector of oil quality. 

 

INTRODUCTION 

Oil palm originated from the tropical rain forest region of West Africa, it has spread from 16 
o
 

N latitude of Senegal to 15 
o
 S in Angola and Eastwards to Indian Ocean, Zarizibar and Malaysia. The 

yield of oil palm is higher than that of other oil seed crops per unit area, producing 2.5mL oil per 

hectare per year.  

Babatunde (1987) mentioned that the palm oil, the principal product of the crop, has a great 

number of uses. About 80% of production is destined for human consumption with the balance going 

to animal feed and to various industries. In common with all fats, palm oil is a good source of energy 

and in addition the crude oil provides carotenoids (pro-vitamin A) and tocopherol or vitamin E.  

Hartley (1988) mentioned that the quality of palm oil could be affected by improper post 

harvest handling, processing and storage technique. The quality of palm oil is generally determined by 

the percentage of free fatty acid, moisture and dirt content. 

Yoshida et al. (1992) showed that the oxidation of polyunsaturated fatty acids is accompanied 

by an increase in the ultraviolet absorption: lipids with dienes or polyenes show a shift in their double-

bond positions due to isomerization and conjugation formation, and the resulting conjugated dienes 

exhibit an intense absorption at 232–234 nm. The levels of free fatty acids also increased in vegetable 

oil heated in microwave oven.  

Espinoza and FARIA (1994) mentioned that the packaging main function is to protect the 

food, to increase the shelf life and to be a barrier to oxygen, moisture and light radiation. This 



2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010 

9 

 

protection depends on the light transmission characteristics and its chemical composition or molecular 

structure. PET films absorb about 80% of UV rays under 300 nm.  

Engelsen (1997) reported that in studying the application of NIRS in frying oil analysis, the 

NIRS could be a good general purpose technique for evaluating frying oil deterioration, with high 

accuracy in prediction of FFA and viscosity. 

Ugwu et al. (2002) mentioned that the oil palm fruits produce two types of oil, palm oil which 

is extracted from the pericarp of the fruit and palm kernel oil from the seeds.  Palm oil is an important 

vegetable oil which has an increasing consumer interest in tropical West Africa. It contains 

approximately 50% saturated fats and 40% unsaturated fats.  

Togersen et al. (2003) used a powerful technique, VIS/NIR reflectance spectroscopy has also 

been applied in quantitative analysis of food major components such as water, fat, proteins and 

carbohydrates. The basis of the quantitative analysis is to relate the changes in the VIS/NIR response 

of a food substance to the concentration changes of the corresponding component.  

Mohamad et al. (2005) mentioned that  there are many factors that cause the lipid oxidation. 

Light is one of the factors towards the lipid oxidation that can lead to free-radical formation together 

with oxygen or high temperature. When lipid oxidation occurred, the hydroperoxides formed are 

tasteless, colorless and odorless and will further originate a wide range of breakdown products.  

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. 

Abd El-Rahman and Badawy (2006) indicated to the changing in heating time of palm oil 

are working to change of physical and chemical characteristics which, lead to increased absorption 

percentages of ultraviolet light with 200 nm wavelength from 4.409 to 6.226%. While, 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%. 

Ghazalia et al. (2006) studied that the palm oil samples were stored at two different 

temperatures which are room  temperature as the set control and another one will be heated at 135°C 

in oil bath for 768 hours and were analyzed at a certain period of interval preset (0, 48, 96, 192, 288, 

384, 576 and 768 hours) for its iodine value (IV), peroxide value (PV), acid value (AV), iodine value 

(IV), thermo gravimetric analysis (TGA) and Fourier transform infrared (FTIR) spectroscopy.  

Hassan and Badawy (2006) mentioned that the laser transmission from heating sunflower oil 

was decreased from 756 to 284 lux by increasing oxidized fatty acid, acid value, and peroxide value, 

while the iodine value was decreased. Also, both of refractive index and viscosity of heated oil were 

increased. 

Eddy And Ekop (2007) studied that the effect of additives (carrot, lime, paw and red dye) on 

the density, viscosity, moisture content and melting point of palm oil (PO). The result of the analysis 

shows that all the additives significantly increased the density, moisture content and viscosity (except 

lime) of the oil. Addition of paw and red dye also increased the melting point of the oil while the 

addition of carrot and lime juice decreased the melting point of the oil. 
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Ziaiifar et al. (2008) said that many factors have been reported to affect the oil content of 

French fries including oil quality, frying temperature and duration, product shape and composition 

(moisture content, solids, fat, gel-strength, and proteins), pre-frying techniques (blanching, drying and 

frying) and coating.  

The objectives of this study are: (1) Effect of heating times on chemical and physical properties 

of palm oil. (2) Determine optical properties of palm oil using helium neon laser., and (3) Using laser 

technique for evaluation heated palm oil. 

MATERIALS AND METHODS 

The experiments and measurements for the physical, chemical and optical properties of Palm 

oil were carried out according to the following procedures: 

Sample preparation: A sample from palm oil was obtained from department of oils, Food 

Technology Institute, Agricultural Research Center, Giza Governorate. Palm oil was heated at 180
 o

C. 

for six times (3, 6, 9, 12, 15, and 18 hours) to measure deterioration in the oil. Also, some physical, 

chemical and optical properties were measured.  

Physical  and chemical characteristics of palm oil measurments:The following physical and 

chemical, optical characteristics were measured in lab department of oils, Food Technology Institute, 

Agricultural Research Center, Giza Governorate, according to the methods described in the (A.O.A.C., 

1990): Refractivity index, viscosity, oxidized fatty acids, peroxide value, acid value, and iodine 

number. Meanwhile, The samples were exposured by visible laser to determine optical properties of 

oils at two different wavelengths in the Laboratory of Laser Applications in Agricultural Engineering 

at the National Institute of Laser Enhanced Science (NILES), Cairo University. All tests were 

performed in triplicate. All measurements of samples were done at 20 
o
 C.  

Setup: The experimental setup consists of laser types, filter, lens, holders, and digital luxmeter, 

(Fig 1).    

Laser types: Two helium-neon (He-Ne) lasers in the visible light with wavelengths 632.8 with 

power 8 mw, beam diameter 1 mm and model of 05-LHP-151and 543.5 nm with power 4 mw, beam 

diameter 0.75 mm and model of 05- LGR – 173. were used in the present work as a light source. 

These sources were manufactured in USA with continuous wave beam and using input current 220 AC 

of Amp. And spot size 1.8 mm and type of gas laser. Each one was sitting on a vertical holder with 

mirror. The He-Ne laser passed through the oil.  

Lens: The convex silica glass lens of 45 mm focal length with diameter 40 mm, was used. The 

lens was put in the behind of sample cell (cuvette) of oil to collected light transmission through oil 

onto the luxmeter detector. 

 Holders: Holders were designed and fabricated of copper to hold lens, filter, sample cell and 

luxmeter detector. 

Digital luxmeter: A digital luxmeter  with  high  accuracy  and  sensitivity was used to measure 

the intensity of transmission through palm oil. Digital luxmeter specifications are follows: 1) 

manufacture in Japan, model of LX- 101, range 0-50,000 lux and power of 9 volt with 2 Amp.. 

Filter: Description of the filter used is as follows: Size of 1 inch diameter, 1/16 and 1/8 inch of 

thickness; source of manufacture USA, model no. 50510, and density 50% transmission.  
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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 3.5ml 

Optical properties: The laser beam passes through filter then sample cell of oil and convex lens to 

collect intensity of transmission of incident beam, the absorption of oil was calculated from the 

following equation according to the law of conservation of energy: 

I = R + A+T   …………………… (1) 

Where:  I - Incident beam, lux;                R - Reflective beam, lux;  

A- Absorptive beam, lux; and   T- Transmission beam, lux. 

 

 

             

 

 

 

(a) Setup for quality evaluation of palm oil. 

         1- Laser source,     2- Mirror,    3- Laser beam,     4- Filter,   5- Cuvette,   

         6- Convex lens,     7- Photo detector, and               8- Luxmeter.  

 

 (b) Photo of setup for quality evaluation of palm oil. 

Fig. (1) Experimental setup for quality evaluation of palm oil. 

RESUITS AND DISCUSSION 
Some chemical and physical properties of heated palm oil samples at different heating times 

are shown in table (2) and fig (2). It was noticed that some chemical properties such as : oxidized fatty 

acid (OFA), acid value (AV) and peroxide value (PV) were increased from 0.19 to 1.11%, from 0.15 

to 0.82 mg KOH / g sample, and from 1.1 to 13.01 meq O2/kg sample, respectively, with increase 

heating times from 3 to 18 hr of palm oil samples, respectively.    

Meanwhile, the iodine value (IV) was decreased from 58.2 to 54.6 g I2 / 100 g sample at the 

same heating times. Also, the same table and fig (3) shows that some physical properties which were 

increased from 69 to 122 C.P. and from 1.4646 to 1.4676 n for viscosity (V), and reflective index (RI), 

by increases the heating times from 3 to 18 hr of palm oil samples, respectively. It was found that 

heating of oil increased free fatty acid which caused spoil of oil. The palm oil will be start 

deterioration after 16 hours of heating time which oxidized fatty acid more than 1%. 
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Table (2): Chemical, physical and optical properties of the palm oil. 

 

Sample 

Chemical properties 

Heating 

time, h 

Peroxide value, 

PV (meq O2 /kg) 

Iodine value, 

IV 

(g I2 /100 g) 

Acid value,  

AV 

(mg KOH/g) 

Oxidized fatty 

acid, OFA (%) 

1 0 1.1 58.2 0.15 0.19 

2 3 6.5 57.11 0.22 0.31 

3 6 9.26 56.88 0.31 0.38 

4 9 11.13 56.35 0.36 0.45 

5 12 12.12 55.25 0.49 0.58 

6 15 11.03 55.13 0.53 0.79 

7 18 10.01 54.6 0.82 1.11 

Sample 
Physical properties 

Heating time, h Reflective index (RI), no. Viscosity, C.P. 

1 0 1.4646 69 

2 3 1.4655 73 

3 6 1.4663 78 

4 9 1.4671 99 

5 12 1.4672 105 

6 15 1.4674 111 

7 18 1.4676 122 

 

Sample 

Optical properties 

Heating 

time, h 

Transmission at 

543.5 nm, Lux 

Absorption at 

543.5 nm, Lux 

Transmission 

at 632.8 nm, 

Lux 

Absorption at 

632.8 nm, Lux 

1 0 726 3874 712 3588 

2 3 608 3992 596 3704 

3 6 551 4049 584 3716 

4 9 455 4145 525 3775 

5 12 383 4217 456 3844 

6 15 228 4372 368 3932 

7 18 223 4377 224 4076 

 

Figs (2 and 4) illustrated the relationship between intensity of visible laser transmission and 

absorbed at wavelengths of 543.5 and 632.8 nm and some chemical properties of heated palm oil. It 

was noticed that by increasing heating time from 3 to 18 hrs, the laser transmission was decreased 

from 726 to 223 lux and from 712 to 224 lux for wavelengths of 543.5 and 632.8 nm. These result to 

increase of oxidized fatty acid (OFA), acid value (AV), and peroxide value (PV) [inverse 

relationship]. And decreased  of the  iodine value (IV) [directly relationship].  

Figs (3 and 4) shows the relationship between intensity of visible laser transmission and 

absorbed at wavelengths of 543.5 nm and 632.8 nm and some physical properties of heated palm oil.  

The light intensity of laser absorbed which pass through heated palm oil was increased [direct of 
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proportional] from 3847 to 4377 lux and from 3588 to 4076 lux and absorbed. These result to increase 

both of refractive index and viscosity of heated oil. From physical properties we can determine the 

quality of oil using the laser transmission or absorbed as a detector of oil quality. 

 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

Fig. 2 : Relationship between heating time and chemical properties of palm oil. 

Fig. (4) shows that the light intensity of transmission and absorption (optical properties) of 

palm oil using visible laser with wavelengths 543.5 and 632.8 nm. The figure indicated that by 

increasing heated palm oil from 3 to 18 hr, the light intensity of transmission was decreased from 726 

to 223 lux and from 712 to 224 lux at wavelengths of 543.5 and 632.8 nm, respectively. Meanwhile, 
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the light intensity of absorption was increased from 3847 to 4377 lux and from 3588 to 4076 lux by 

increasing heating times from 3 to 18 hr at using the same lasers beam, respectively.  

 

       

       

       

       

       

       

       

       

       

       

       

       

Fig. 3 : Relationship between heating time and physical properties of palm oil. 

From these results, the highest light intensity of transmission which passes through heated 

palm oil was obtained at using 543.5 nm wavelength. So, the 543.5 nm wavelength was suitable 

visible laser used for measuring quality of heated oil.  

Also, Fig 4 shows that by increasing heat time of palm oil from 3 to 18 hrs, the absorbed of 

laser beam was increased for both 543.5 and 632.8 nm but laser beam with wavelength 543.5 nm was 

more absorbed than 632.8 nm. Meanwhile, the transmission of laser beam was decreased from both 

543.5 and 632.8 nm but laser beam with wavelength 543.5 nm was more high transmission than 632.8 

nm. Therefore, the laser transmission can also, be used a detector for measuring oil quality as chemical 

properties of oil. It was found that deterioration of palm oil was started after 14 hours of heating at the 

light intensity 400 lux of transmission.  

There are high relation between heating time and chemical, physical, optical properties ( R 

square)  shown in Fig (2 and 3 and 4). The r square was ranged  from 0.83 to 0.97, from 0.89 to 0.96 

and from 0.95 to 0.98 for chemical, physical, optical properties. These values of R square indicated to 

the high relationship between previous variables.  
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Fig. 4 : Relationship between heating time and optical properties of lasers for palm oil. 

Relations between some chemical, physical and optical properties and heated palm oil samples 

were showed in the following equations: 

A- Relation between some chemical properties and heating time :  

1-  Equation of oxidized fatty acid (OFA) and heating time as follow [directly relationship]:  

y = 0.0467x + 0.1243     ------------------------- (1) 
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2-  Equation of acid value (AV) and heating time as follow [directly relationship]:  

y = 0.0335x + 0.1104     ------------------------- (2) 

3-  Equation of peroxide value (PV) and heating time as follow [directly relationship]:  

y = 0.603x + 3.9518     ------------------------- (3) 

4-  Equation of iodine value (IV) and heating time as follow  [inverse relationship].:  

y = -0.1951x + 57.973     ------------------------- (4) 

B- Relation between some physical properties and heating time :  

1-  Equation of viscosity (V) and heating time as follow [directly relationship].:  

y = 3.119x + 65.786     ------------------------- (5) 

2-  Equation of reflective index (RI) and heating time as follow [directly relationship].:  

y = 0.0002x + 1.4651     ------------------------- (6) 

C- Relation between some optical properties and heating time :  

1-  Equation of transmission laser at 543.5 nm and heating time as follow  [inverse relationship].:  

y = -31.057x + 724.76     ------------------------- (7) 

2-  Equation of transmission laser at 632.8 nm and heating time as follow  [inverse relationship].:  

y = -24.381x + 714.43     ------------------------- (8) 

3-  Equation of absorption laser at 543.5 nm and heating time as follow [directly relationship].:  

y = 29.012x + 3885.5     ------------------------- (9) 

4-  Equation of absorption laser at 632.8 nm and heating time as follow [directly relationship].:  

y = 24.381x + 3585.6     ------------------------- (10) 

CONCLUSION 

To detect of heated palm oil quality using visible laser, the obtained results are summarized as 

follows:   

1- Chemical properties such as oxidized fatty acid, acid value and peroxide value were increased by 

increasing heating time, but the iodine value was decreased. Meanwhile, physical properties such as 

viscosity and reflective index were increased at the same of heating times. 

2- By increasing heating time of palm oil from 3 to 18 hrs, the absorbed of wavelengths of laser beam 

with wavelength 543.5 nm was more absorbed than 632.8 nm. Meanwhile, the transmission of laser 

beam with wavelength 543.5 nm was more high transmission than 632.8 nm.  

3-The deterioration of palm oil was started after 16 hours of heating at the light intensity 228 and 368 

lux of transmission for wavelengths of 543.5 and 632.8 nm.  

4- There are high relation between heating time and chemical, physical, optical properties. The R 

square was ranged from 0.83 to 0.97, from 0.89 to 0.96 and from 0.95 to 0.98 for chemical, physical, 

and optical properties with heating.  
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5- From optical properties we can determine the quality of oil using the laser transmission or absorbed 

as a detector of oil quality. 
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  الكشف علي جودة زيت النخيل المتأثر بالتسخين باستخذام الليسر المرئيالكشف علي جودة زيت النخيل المتأثر بالتسخين باستخذام الليسر المرئي

عبذ الرحمن عبذ الرؤف عبذ الرحمن
(1)

 حمذى علي بذوى 
(2)

 

 .ٍصش- اىجيضة – ٍشمض اىبح٘د اىضساعيت – ٍعٖذ بح٘د اىْٖذعت اىضساعيت  .1

ٍصش- اىجيضة – ٍشمض اىبح٘د اىضساعيت – ٍعٖذ بح٘د حنْ٘ى٘جيا األغزيت  .2

 

يٖذف اىبحذ اىٚ اعخخذاً حنْ٘ى٘جيا اىييضس اىَشئٚ فٚ اىنشف عِ ج٘دة اىضيج اىْخيو اىَخأرش بعَييت اىخغخيِ عيٚ دسجت 

 ً 180حشاسة 
o 

رٌ حعشيط ٕزٓ اىعيْاث ألشعت اىييضس  ( عاعت 18 ، 15 ، 12 ، 9 ، 6 ، 3)ٗعْذ اىعغط اىج٘ٙ عْذ أصٍْٔ ٍخخيفت 

ُِ)اىَشئٚ ٕٗٚ  ًِ ّي٘  ّاّ٘ ٍخش، حيذ حٌ  قياط بعط اىخصائض اىنيَيائيت ٗاىطبيعيت 543.5 ، ٗ 632.8بأط٘اِه ٍ٘جيت  (ٕيي٘

: ٗاىَْخائج اىَخحصو عييٖا ماّج ماىخاىي…ٗاىع٘ئيت ىيضيج اىَعاٍو حشاسيا 

صادث بعط اىخ٘اص اىنيَيائيت ىنو ٍِ ّغبت األحَاض اىذْٕيت اىَؤمغذٓ ، ٗاىقيَت اىحاٍعيت ، ٗقيَت اىبيشٗمغيذ ٗىنِ  اّخفعج  (1

. قيَت اىشقٌ اىي٘دٙ ، بيَْا صادث بعط خ٘اص اىضيج اىطبيعيت ىنو ٍِ اىيضٗجت ٍٗعاٍو األّنغاس

 عاعت ادٙ اىٚ اُ صادث اىنزافت اىع٘ئيت اىََخصت  ب٘اعطت اىضيج ىشعاع اىييضس رٗ اىط٘ه 18 اىٚ 3بضيادة صٍِ اىخغخيِ ٍِ  (2

.  ّاٍّ٘خش632.8 ّاٍّ٘خش ماّج اعيٚ باىْغبت اىنزافت اىع٘ئيت اىََخصت  ىشعاع اىييضس رٗ اىط٘ه اىَ٘جت 543.5اىَ٘جت 

 ىنظ عْذ اعخخذاً شعاع اىييضس رٗ 368 ، 228 عاعت حغخيِ ٗرىل عْذ مَيت ّفارئ ظ٘ئئ 16ٗجذ اُ فغاد اىضيج يبذأ بعذ  ( (3

 % . 1 ّاّ٘ ٍخش ٗاىخٚ عْذٕا حنُ٘ ّغبت األحَاض اىذْٕيت اىَؤمغذة أمبش ٍِ 632.8 ، 543.5اىط٘ه اىَ٘جٚ 

حيذ ماُ ٍعاٍو . اىخصائض اىنيَيائيت ٗاىطبيعيت ٗاىع٘ئيتصيج ٗبيِ مو ٍِ اهٗجذث ْٕاك عالقت حشابط ق٘يت بيِ عَييت حغخِ  (4

اىخصائض اىنيَيائيت ىضٍِ اىخغخيِ  ٗمو ٍِ  (0.98 – 0.95) ،  (0.96 – 0.89) ،  ( 0.97 – 0.83)اىخشابط يخشاٗح بيِ 

.   عيٚ اىخ٘اىٚٗاىطبيعيت ٗاىع٘ئيت

ىشعاع اىييضس اىَشئٚ يَنِ ( ّغبت اىنزافت اىع٘ئيت اىََخصت ٗ اىْافزة خاله اىضيج اىَعاٍو ) ٍِ خاله اىخصائض اىع٘ئيت   (5

.اىنشف عِ ىج٘دة صيج اىْخيو

 


