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ABSTRACT 
 
 The main purpose of the present study is creation of optical standard scale and correlating it with other 
properties(physical, mechanical, and chemical) when studying of orange fruits (Valencia variety) at different 
maturity stages. The orange fruits were classified into six stages of maturity according to their color graduation 
from green to orange color. At each maturity stage, all properties were measured. A laser light source with 
wavelength 543.5 nm with power 4 mW was used to measure the optical properties from the skin of orange 
fruits. The results showed that : 1- the main dimensions, mass and volume of orange fruits gradually increased. 
Meanwhile, the skin thickness and the density gradually decreased with orange maturity stages, 2- the friction  
angle of orange fruits gradually increased, while the required force to penetrate the orange fruits and the 
firmness gradually decreased with orange maturity stages, 3- the juice percentage, total soluble solids (TSS) and 
total sugars gradually increased, while the pH value and the percentage of acidity of the orange fruits gradually 
decreased, with orange maturity stages, 4- the light reflectivity decreased, while the light absorptivity increased 
as the fruit gradually matured from stage one to stage six., and 5- By decreased density of light reflection from 
fruit surface, the juice, total soluble solid and total sugar percentages increased, the acidity percentage and pH 
value decreased. On the other hand, in the case of density of light absorption percentage was increased. 
Therefore, there is potential for use of laser light to determine the maturity stage of orange fruits. 
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Introduction 
 
 Leemans et al. (1998) mentioned that the colour is the natural sense we use to make our first evaluation of 
the fruits quality, most of the inspection systems use only this feature to segment the images. 
 Blasco et al. (2007) established that under present fruit grading systems, fruit with slight external defects 
are graded and marketed with sound fruit, thereby reducing the quality of the batch. Alternatively, fruit with 
slight defects are graded and removed together with seriously damaged fruit, thus causing economic losses. 
 Spreen (2009) concluded that the citrus fruits are the highest value fruit crop in international trade. Current 
annual worldwide citrus production is estimated at over 105 million tons, worth over US $20 billion. 
 Cayuela and Weiland (2010)indicated that the parameters studied to evaluate the quality of citrus fruit were 
soluble solids content, acidity, titratable acidity, maturity index, flesh firmness, juice volume, fruit weight, rind 
weight, juice volume to fruit weight ratio, fruit colour index and juice colour index. 
 Khojastehnazh and et al. (2010) reported that the color and size are the most important features for accurate 
classification and/or sorting of citrus such as oranges, lemons and tangerines. The feasibility of using machine 
vision systems to improve product quality while freeing people from the traditional hand sorting of agricultural 
materials. 
 Gao et al.(2010), reported that depending on the difference of fruits internal components, fruits have 
different absorption and reflection properties in the light of different rays. The non-destructive measurement for 
fruits quality is achieved by the combination of these properties and optical detection. It has the following 
characteristics: high-sensitivity detection, good adaptability, lightweight equipment, flexible usage, not harmful 
to humans. This technique has gradually applied to the practical stage abroad. 
 Sharifani (2010) concluded that data were extracted from measurements of chemical and physical variables 
of the 'Thompson Navel' orange fruits. The physical and chemical variables were fruit weight, volume, density, 
length and diameter, rind thickness and pulp weight. The chemical variables consisted of pH, electrical 
conductivity (EC), total soluble solids (TSS), titrable acidity (TA), reducing sugars and vitamin C.  
 Lorente et al. (2012) listed the quality and safety assessment of fruit and vegetables, including 
contamination, bruises, surface defects, starch index, firmness, SSC, sugar content, bitter pit, and chilling injury 
or freeze damage. 
 Magwaza et al.(2013) mentioned that non-destructive instrument-based methods are preferred because they 
allow the measurement and analysis of individual fruit, reduce waste and permit repeated measures on the same 
item over time. 
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 Ministry of Agriculture and Land Reclamation (2013) reported that the total cultivated area is about 8.8 
million feddan. Total area of citrus is about 356 thousand feddan, total production of citrus is about 2.8 million 
ton, total area of oranges is about 163 thousand feddan. Total production of oranges is about 1.2 million ton. 
Total area of Navel oranges is about 178 thousand feddan. Total production of Navel oranges is about 1.4 
million ton. Total area of summer Valencia oranges is about 136 thousand feddan. Total production of summer 
Valencia oranges is about 1.1 million ton. Total area of sour lime is about 40 thousand feddan, and total 
production of sour lime is about 301 thousand ton. 
 Meftah et al. (2013) reported that internal characteristics, such as moisture, sugar, acidity and the like offer 
valuable information about fruit ripeness, which may not be easily detected by merely examining the fruit’s 
external characteristics. The market quality of agricultural crop and industrial food products can be estimated 
based on the ripeness of the fruit. 
 Abdolabbas et al. (2014) mentioned that much research has been carried out on grading citrus fruits using 
machine vision. Citrus grading is normally achieved based on external visible criteria including size, shape, and 
colour of the fruits. However, identification of the internal characteristics of the fruits is almost impossible by 
computer vision which uses visible spectral imaging. Thickness of the fruit skin is one of the important factors 
for consumers which can be considered as a grading criterion. Citrus fruits with thin skins are more desirable, 
but it calls for spectral solutions. However, internal quality of the fruits can be evaluated if there is a correlation 
between the internal and visible external characteristics. It is normally seen that oranges with coarser surfaces 
have thicker skin and vice versa. 
 The main objectives of the present study are: 1-Determinationofsome physical, mechanical, chemical and 
optical properties of orange fruits (Valencia variety), 2- Creation of optical standard scale and correlating it with 
other properties under studying of Valencia orange fruits at different maturity stages, and 3- Studying the 
potential use of laser light to determine the maturity stage of orange fruits. 
  
Materials and Methods 
 
 The experiments were carried out at the Laboratory of Laser Application in the Agricultural Engineering 
Department at National Institute of Laser Enhanced Science (NILES), Cairo University and the Central 
Laboratory of Agricultural Engineering Research Institute, Agricultural Research center, Dokki, Giza, Egypt. 
The experiments and measurements for the optical, mechanical, physical and chemical properties of oranges 
were carried out according to the following procedures: 
 
Fruit sample:  
 
 The study was carried out during season 2012 on orange fruits (Valencia variety), from oneof farm 
Qalubyagovernorate. For each sampling, 600orange fruits were selected to achieve these measurements. These 
fruits were classified visually into six stages of maturity according to the color of their skin as shown in Fig. (1), 
and each stage consisted of 100 fruits. 
 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

      
 
Fig. 1: Six maturity stages of orange fruits. 
 
 Juice preparation, freshly squeezed orange fruit juice was made employing handle juice press. The 
following juice quality parameters were considered: total soluble solid percentage was measured using 
refract-meter, acidity was measured in lab, pH was measured by pH meter and juice percentage. The orange 
juice percentage was determined using the following equation: 
Orange juice, % = [m1/ m2] X 100 ………..       (1) 
Where:  m1 is the mass of orange juice, g; and m2 mass of orange fruits, g. 
 
Physical properties: 
 
 Fruit samples (100 fruits) of each mature stage were collected. Fruit samples were subjected to the 
following measurements, in order to determine the physical properties of orange fruits: 1) Fruit mass (g) was 
determined using a digital scale; its sensitivity was 0.01 g, 2) Fruit vertical and horizontal 
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diameters (cm) were measured using Vernier caliber., 3) Fruit skin thickness (mm) was measured 
using Vernier caliber, 4) Fruit volume (cm3) was measured by water displacement method in graduated flask, 
and 5) Fruit density (cm3/g) was calculated by dividing the mass by the volume.  
 
Mechanical properties: 
 
 The mechanical properties of orange fruits at different maturity stage, included friction angle, requested 
penetration force and firmness of the orange fruits at different stages of maturity. The friction angle was 
measured on wooden surface as the angle required to begin the fruit rolling. Meanwhile, the requested 
penetration force and firmness were measured by using a penetrometer with different head tools. The 6.4 mm 
diameter head tool was used to measure the penetration force, while the 15 mm diameter head tool was used to 
measure the firmness. 
 
Chemical properties: 
 
 Fruit juice samples were subjected to the following measurements in order to estimate the chemical 
properties of orange fruits. Orange fruits were squeezed and the chemical tests were achieved on 100 ml of 
juice. These tests were: 
 Juice percentage was estimated by squeezing the fruit and weighting the juice produced and the reminder of 
the fruit, then calculating the percentage of the juice. 
 pH value was measured by using a digital pH-meter. 
 Determining oBrix using an analog refractometer . 
 Total soluble solids (TSS) : TSS refers to the contents of the juice. Approximately 85% of TSS of citrus 
juice are sugars.  
Total soluble solids (TSS) = oBrix ………         (2) 
 Fruits acidity was determined by a procedure known as titration. This test involves adding few drops of 
indicator solution (phenolphthalein) to 10 mL of juice and then measuring the volume of sodium hydroxide 
required to neutralize the solution. 
% acidity = titrable acidity (mL) X 0.064         (3) 
 Total sugar was estimated according to A.O.A.C. (2000). 
 
Optical properties: 
 
Laser setup: 
 
 The experimental setup was adjusted at incident angle equal to the reflected angle (45o) to obtain high 
reflections and to establish criteria for identifying optical properties of orange fruits. The experimental setup is 
shown in Fig. (1) and Fig. (2).    
 
Laser type:  
 
 Helium-Neon (He-Ne) laser in the visible light with wavelength 543.5 nm with power 4 mW, and intensity 
of 4200 lux was used as a source. Laser source was set on a holder. The specifications of laser were : continuous 
beam with diameter of 0.75 mm. 
 
Lens: 
 
 Convex silica glass lens of 100 mm focal length with diameter 75 mm was used. The lens was put between 
the fruit sample and the luxmeter with angle of 45 degree to focus the reflected light and collect it on the 
luxmeter detector . 
 
Digital luxmeter:  
 
 A digital luxmeter with  high  accuracy  and  sensitivity was used, with range of 0-50,000 Lux. 
 The laser beam was reflected from orange surface and collected by concave lens to luxmeter detector. The 
absorption of orange fruit was calculated from the following equation according to the energy conservation law:             
I = R + A             (4) 
Where:  
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I : The incident beam, lux; R - reflective beam, lux; and A- absorptive beam, lux.  
 

 
 
Fig. 2: Experiment setup of optical properties. 
 

 
 
Fig. 3: Experiment schematic diagram of setup for measuring the optical properties of orange fruits. 
 
Results and Discussions 
 
 Table (1) and Fig. (4) show the main dimensions, skin thickness, mass, volume and density of orange fruits. 
It was found that the large and small diameters of orange fruits were gradually increased with maturity stages. 
 Averages of vertical diameter were 7.50, 7.86, 8.07, 8.32, 8.53 and 9.75cm and horizontal diameter were 
7.23, 7.40, 7.49, 7.53, 7.68 and 8.16cm for maturity stages from 1 to 6of orange fruits, respectively.Meanwhile, 
skin thickness decreased with average values of 7.77, 6.86, 5.49, 4.99, 4.33 and 3.67 mm for the same orange 
fruits. 
 Table (1) and Fig. (5) show the volume, mass and density of orange fruits. It was found that the volume 
increased gradually with averages of173.67, 240.00, 254.67, 266.81, 279.33 and 295.93 cm3 and mass increased 
also gradually with average values of 182.67, 233.00, 247.33, 252.67, 261.66and 270.33g for maturity stages 
from 1 to 6of orange fruits, respectively. Meanwhile, the fruits density decreased gradually with average values 
of1.0520, 0.9711, 0.9708, 0.9474, 0.9367 and 0.9255 g/cm3 for the same orange fruits. 
 
 Table (2) and Fig. (6) show the relationship between maturity orange fruits and some of mechanical 
indicators. These mechanical properties included the angle required to start the fruit to roll, the required force to 
penetrate the orange fruits and their firmness. It was noticed that the rolling angle increased as the fruit matured. 
The rolling angles were recorded with average values of 10.67, 11.01, 11.33, 12.25, 12.76 and 13.33 degrees for 
maturity stages from 1 to 6of orange fruits, respectively. Meanwhile the required force to penetrate the orange 
fruits and the firmness decreased gradually as the fruits matured. The average values for the required force to 
penetrate the orange fruits were 84.7, 82.3, 70.7, 66.7, 60.7 and 58.7 N and for the firmness were 63.3, 53.7, 
49.3, 46.3, 45.3 and 42.0 kg for maturity stages from 1 to 6of orange fruits, respectively. 
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Table 1: Physical properties of orange fruits at different maturity stages. 
Maturity stage Vertical 

diameter, cm 
Horizontal 

diameter, cm 
Skin 

thickness, 
mm 

Mass, g Volume, cm3 Density, g/cm3 

1 7.23 7.50 7.77 182.67 173.67 1.0520 
2 7.40 7.86 6.86 233.00 240.00 0.9711 
3 7.49 8.07 5.49 247.33 254.67 0.9708 
4 7.53 8.32 4.99 252.67 266.81 0.9474 
5 7.68 8.53 4.33 261.66 279.33 0.9367 
6 8.16 9.75 3.67 270.33 291.93 0.9255 

 
Table 2: Mechanical properties of orange fruits at different maturity stages. 

Maturity stage Friction angle, degree Penetration force, N Firmness, 
N 

1 10.67 84.7 63.3 
2 11.01 82.3 53.7 
3 11.33 70.7 49.3 
4 12.25 66.7 46.3 
5 12.76 60.7 45.3 
6 13.33 58.7 42.0 

 

 
 
 
Fig. 4: Main dimensions and skin thickness for maturity stages of orange fruits. 
    

 
 
Fig. 5: Physical properties of orange fruits at different maturity stages. 
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 Table (3) and Fig. (7) show the relationship between maturity of orange fruits and chemical indicators of 
the orange fruits juice. These chemical properties included the pH values, TSS, acidity and total sugars. First, 
the percentage of juice content for each orange fruit was calculated. These percentages increased with average 
values of 30.29, 40.95, 41.75, 44.89, 47.98 and 47.87%for maturity stages from 1 to 6of orange fruits, 
respectively. Also, the pH values and the acidity percentage were increased as the fruit matured from stage to 
another. The pH values were recorded and the averages were calculated of them, these averages were 4.0, 3.7, 
3.6, 3.4, 3.2 and 3.2 for maturity stages from 1 to 6of orange fruits, respectively. The acidity averages were 0.91, 
0.83, 0.79, 0.76, 0.73 and 0.71% for maturity stages from 1 to 6of orange fruits, respectively. Meanwhile, the 
TSS (oBrix) and the total sugars percentages were decreased as the fruit matured from stage to another. The TSS 
(oBrix) averages were 8.5, 9.5, 10.0, 10.5, 11.5 and 13.0 degree. Also, the total sugar percentage averages were 
6.93, 8.68, 8.76, 8.81,10.10 and 12.27% for maturity stages from 1 to 6of orange fruits, respectively. 
 

  
 
Fig. 6: Mechanical properties of orange fruits at different maturity stages. 
 
Table 3: Chemical properties of orange fruits at different maturity stages. 

Maturity stage Juice, (%) pH, Value TSS (oBrix) Acidity (%) Total sugars (%) 
1 30.29 4.0 8.5 0.91 6.93 
2 40.95 3.7 9.5 0.83 8.68 
3 41.75 3.6 10.0 0.79 8.76 
4 44.89 3.4 10.5 0.76 8.81 
5 47.98 3.2 11.5 0.73 10.10 
6 47.87 3.2 13.0 0.71 12.27 

 

 Table (4) and Fig. (8) show the relationship among maturity of orange fruits and optical indicators of the 
orange fruits. These optical properties included the laser light reflection and absorption percentage. Because the 
orange fruit is opaque, there is no laser light transmission.  
 The total beam intensity was measured and recorded as 4200 lux and each fruit was stricken by the laser 
beam, then the reflection beam intensity was measured. The percentage of reflection and absorption for each 
orange fruit was calculated. These percentages of reflection were decreased with average values of 0.902, 0.813, 
0.732, 0.673, 0.590 and 0.483% for maturity stages from 1 to 6of orange fruits, respectively. Meanwhile, the 
percentages of absorption were increased with average values of 99.097, 99.186, 99.267, 99.326, 99.409 and 
99.516% for maturity stages from 1 to 6of orange fruits, respectively. 
 
Table 4: Optical properties of orange fruits at different maturities. 

Maturity stage Reflection (%) Absorption (%) Reflection intensity (Lux) Absorption intensity 
(Lux) 

1 0.902 99.097 37.90 4162.10 
2 0.813 99.186 34.18 4165.82 
3 0.732 99.267 30.78 4169.22 
4 0.673 99.326 28.30 4171.70 
5 0.590 99.409 24.80 4175.20 
6 0.483 99.516 20.30 4179.70 
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Fig. 7: Chemical properties of orange fruits at different maturity stages. 
 

 
 
Fig. 8: Optical properties of orange fruits at different maturity stages. 
 
Conclusion: 
 
 The different properties under study for the six stages of maturity for the Valencia orange fruits had the 
following trends as the fruit matured from stage to stage: 
1- The main dimensions, mass and volume of orange fruits gradually increased. Meanwhile, the skin thickness 

and the density gradually decreased for the same fruits. 
2- The friction angle of orange fruits gradually increased, while the required force to penetrate the orange fruits 

and the firmness gradually decreased. 
3- The juice percentage, total soluble solids (TSS) and total sugars gradually increased, while the pH value and 

the percentage of acidity of the orange fruits juice gradually decreased. 
4- The percentage of reflection gradually decreased, while the percentage of absorption gradually increased. 
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