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Abstract - A two-in-one machine (a pulverizer and  screw 

press) was developed  to digest a steam-treated date palm fruit 

(Phoenix dactylifera l.) and a screw press specially developed for 

extraction of juice which could further be processed into date syrup, 

date jam, binding ingredients for snacks, etc. The prototype design 

was fabricated at the Nigerian Institute for Oil Palm Research, 

NIFOR, Benin City, Edo State - Nigeria. The equipment has a 

capacity of 250 kg fruit/hr with an extraction efficiency of 95 %. A 24 

factorial experiment with the following variables: time of 

sterilization, fruit quantity, water quantity and speed of pulverizer. 

The effects of these variables on the quantity of juice extracted and 

their interactions with one another were determined using statistical 

analysis.   

Results showed that the effect of each variable was significant 

(P<0.01). Optimum values for machine speed and time of 

sterilization were 300 rpm and 90 minutes, respectively. The juice 

extracted was analyzed for total solids, pH, titratable acidity, mineral 

contents, total and reducing sugars. 

Index Terms - development, extractor, date juice, performance 

1. Introduction 

Date palms are perennial tree crops of numerous 

commercial values. Some are grown as ornamental palms, 

either outdoors or indoors [1] while date Palm Phoenix 

dactylifera l. is cultivated for its fruit ([2]; [3]; [4]; [15]; [6]).  

[1] reported that date fruit could be used in about 800 

different ways and was described by [7] as a fruit with multiple 

uses. The fruit is very nutritious, easily assimilated when 

consumed, energy giving and contain most of the dietary 

elements ([4]; [5]; [8]; [9]; [10]; [11]). Some of the nutrients 

include easily digested sugars (glucose and fructose), proteins, 

iron, magnesium, sodium, phosphorus, potassium and copper. 

It also contains vitamins such as riboflavin, thiamine, folic and 

ascorbic acids ([12]; [5]; [8]; [9]; [10]; [11]). Apart from these 

it contains fibre, pectin and other nutritive substances. 

Due to the high nutritive value of the fruit many people 

wish to exploit it. The energy content of the fruit is over 3,000 

cal/kg. Fruits such as orange, apricot and banana have energy 

contents of 480 cal/kg, 520cal/kg and 970 cal/kg, respectively. 

Cooked rice has 1,800 cal/kg, meat without fat has 2,245 

cal/kg [4]. The inverted form of sugar (glucose and fructose) 

unlike sucrose could easily be assimilated by human body 

when consumed. Inverted sugars are not subjected to normal 

digestion that ordinary sugar (sucrose) undergoes. It was 

reported that date palm fruit consumers are known to have the 

lowest rate of all forms of cancer diseases which may be 

attributed to the high level of magnesium (60 mg/kg) present 

in the fruit ([5]; [8]; [9]; [1]10). It was also reported that the 

presence of fibre in the fruit helps to aid human digestion and 

bowel evacuation. 

 Normally date palm fruit is free from pesticide 

contamination and may be sold as organic food. It has a low 

waste content. Ground date seed is used as food for fish farm. 

Date paste is used to shape and bind ingredients such as nuts, 

grains, snacks, etc. Syrup extracted from date has a high 

sweetening taste and could substitute refined sugar (sucrose). 

Other applications and uses of whole date or extract are in 

vinegar production, organic acids, enzymes and some 

antibiotics. 

 Date fruits are eaten raw locally and substantial quantities 

are discarded due to low grade fruit quality, inadequate 

processing techniques and lack of appropriate storage 

facilities. Plate 1 shows typical Nigerian date palm fruits. 

Traditionally, date fruit juice is prepared in Northern 

Nigeria by soaking digested date in water overnight. This is 

followed by a quick boil in order to precipitate some of the 

colloidal matter therein. It is then filtered by means of baft or 

muslin cloth to give date juice. This method is not efficient 

because of the drudgery involved. Digestion is done manually 

by the use of mortar and pestle. The overall process is slow, 

labour intensive with low output. 

 

Plate 1: Date palm fruit 

 Non-alcoholic date juice was obtained by water extraction 

in the laboratory at the Nigerian Institute for Oil Palm 

Research (NIFOR), Benin City, Edo State - Nigeria. The 

laboratory method could not handle large quantity of fruit 

available in the market and during peak season and may lead 

to wastage which may subsequently discourage large scale 

production. 

 In view of the importance and potentials in the date palm 

fruit and its extract coupled with the current methods of juice 
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extraction, a machine for the extraction of non-alcoholic date 

juice was developed from stainless steel materials. The 

machine was subjected to performance evaluation test and 

juice extracted from the fruit was analyzed for nutrient 

composition. 

2. Materials and Method 

 Date palm fruit used for this study was obtained from the 

Nigerian Institute for Oil palm Research (NIFOR), Date Palm 

Substation, Dogon-Dutse, Jigawa State - Nigeria. The 

materials used for machine fabrication were mainly stainless 

steel especially those parts of the machine that have direct 

contact with either the fruit or juice. All the materials used for 

development of the equipment were procured from local 

markets. 

2.1 Principles of the design 

 Steam - treated date palm fruit required digestion in order 

to loosen the mesocarp from the seed and to digest and 

compress the fleshy part which is the mesocarp to extract the 

juice therein. The embedded seed together with the mesocarp 

make up the fruit. The seed is not to be damaged or crushed by 

the machine when in operation. 

2.2 Design of shaft and considerations  

 This is principally concerned with the determination of the 

appropriate shaft diameter to ensure adequate strength and 

rigidity when the shaft is transmitting power under different 

operating and loading   conditions. Shafts are usually circular 

in cross section and could either be solid or hollow. Stainless 

steel shaft is a ductile material and the design is based on its 

strength. This is determined by the maximum shear theory 

[13]. Shaft is normally subjected to torsion, bending and axial 

loads. For torsional loads, the torsion stress for a solid shaft is 

given by: 
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For bending loads, the bending stress, Sb (tension or 

compression) for a solid shaft is given as: 
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The tensile or compressive stress, Sa of a solid shaft for 

axial load is given as: 
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where  = Shear Stress, 

d = diameter of shaft, 

Mt = torsional moment, 

Mb = bending moment, 

r = radius of shaft, 

J = polar moment of inertia ( 4

32

d ), 

Sb = bending stress, 

Sa = axial stress, 

Fa = axial load. 

American Society of Mechanical Engineer (ASME) Code 

equation [13] for a solid shaft combines torsion and bending 

with little or no axial load. The code equation is given as: 
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where d = shaft diameter, 

SS = allowable shear stress, 

Kb= shock and fatigue factor for bending, moment, 

Kt = shock and fatigue factor for torsional moment. 

Design of shafts for torsional rigidity is based on the 

permissible angle of twist. The amount of twist permissible 

depends on the particular application and varies from about 

0.3 degree/m for machine tool shaft to about 3 degree/m for 

line shafts. The angle of twist for a solid circular shaft is given 

by equation 5. 
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where  L = length of shaft in metre, 

 G = torsional modulus of elasticity, N/m
2
, 

  = angle of twist in degree. 

Table1 gives the shock and fatigue factors for a rotating 

shaft [13]. Bending and torsional moments are the major 

factors considered in shaft design. One of the first steps in the 

design of a shaft is to draw the bending moment diagram for 

the loaded shaft or the combined torsional and bending 

moment diagram if the loads are acting on the shaft in more 

than one axial plane. The points of critical bending stress are 

obtained from the bending moment diagram [13]. The 

torsional moment (Mt) acting on the shaft can be evaluated 

from equation 6. 
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For a belt drive, the torque is calculated from: 

Mt = (T1 – T2) R Newton-metre (Nm), 

where  T1 = tight side of belt on pulley (driver), N, 

 T2 = loose side of belt on pulley (driven), N, 

 R = radius of pulley, m. 

2.3 Description and operation of the machine. 

The date palm fruit juice extractor described here is a 

two-in-one machine which operates as an integrated unit. It is 

driven by a single prime mover. This could be either a 6.0 kW 

electric motor or 8hp diesel engine.  

Table 1: Shock and fatigue factors 

Nature of loading Kb Kt 

Load gradually applied 1.5 1.0 

Load suddenly applied with minor shock 1.5 to 2.0 1.0 to 1.5 

Load suddenly applied with heavy shock 2.0 to 3.0 1.5 to 3.0 

The machine consists of a pulverizer (digester) and an 

extractor (screw press) mounted on a 60 x 60 angle mild steel 

frame. Engine (prime mover) speed, pulverizer speed and 

Screw-press speed were determined by direct measurement 
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using an Hasler Tachometer (Hasler AG, 3000 Bern 14, 

Schweiz, Switzerland). 

2.4 Pulverizer 

 The pulverizer pounds the mesocarp and conveys the 

pounded mass simultaneously. This is the region of the 

machine where the mesocarps are broken into minute particles 

without breaking the seeds. The pulverizer has a capacity of 18 

kg of fruit and 54 litres of water per batch. Gold et al. (2000) 

reported that the optimal fruit to water ratio was 1:3 by mass 

or volume.  

2.5 Screw Press 

 The Screw press separates the liquid component of the 

pulverized product from the solid components by means of 

pressure generated by locknut and choke mechanism.  The 

liquid component or solution is passed through a muslin-cloth 

to exclude particulate matter from the juice. 

2.6 Sample preparation for machine evaluation 

 Prior to the pulverization (digestion) of the fruit and 

subsequent extraction of juice, the fruit is cleaned, washed and 

sterilized or cooked using a steam pot (Plate 2) with a 

perforated false bottom. This is to render the nutrients which 

exist in crystalline forms in the fruits into soluble forms. The 

sterilized fruits are removed from the steam pot through the 

discharge outlet by gravity and then taken to the machine for 

pulverization and subsequent extraction of juice. 

2.7 Experimental design 

 A 2
4 

factorial experiment as in Table 2 was designed for 

this study. [15] statistical package was used to analyze the 

effect and interactions of variables on yield. The variables 

were time of sterilization, speed of machine, quantity of fruit 

and quantity of water. These variables were each treated at low 

(-) and high (+) levels. 

2.8 Extraction efficiency of the machine 

 Extraction efficiency of the machine was found from the 

following relationships. 

Extraction efficiency  =   quantity of juice extracted (g). 

      maximum mass of juice extractable (g) 

Quantity of juice extracted = mass of fruit processed –       

                      mass of residual cake

 after oven drying. 

 

Plate 2: Steam pot 

2.9 Chemical analysis of the juice 

 Standard methods of analysis of Association of Official 

                                                           
* This is the solid components obtained after extraction and filtration of date 

palm fruit juice 

Analytical Chemist, [16] were used to determine the 

compositions of the juice extracted. 

2.10 Preservation and storage 

 The juice obtained as a result of filtration was dispensed 

into 33 cl bottles and each sealed by means of a crown-corking 

machine. It is then preserved naturally by pasteurizing at 75 
0
C 

for 120 minutes. 

3. Results and Discussion 

Plate 3 shows the developed mechanical extractor for 

date palm fruit juice while Plate 4 shows samples of date juice. 

The machine performed satisfactorily with an extraction 

efficiency of 95 %. The percentage of whole date palm seeds 

obtained after the entire processes of digestion and extraction 

was almost 100%. Variables such as time of sterilization, 

machine speed (rpm), fruit quantity and water significantly 

influenced the yield of juice extracted at 1% level of 

probability. Interaction between speed and fruit quantity was 

significant at 5 %. Interactions between sterilization time and 

water quantity, fruit quantity and water quantity were also 

significant at 1 % each. However, the interactions between 

speed and time, speed and water quantity were not significant 

(P< 0.05). 

Prolonged period of sterilization corresponds to high 

temperature of fruit batch. Comparing time of sterilization for 

90 minutes and 60 minutes showed that sterilizing the fruit for 

90 minutes gave a better yield than at 60 minutes. This was in 

agreement with the work done by [17] and [18] who reported 

that increasing the sterilization temperature of oil palm fruit  

brings about increase in palm oil yield. 

Table 3 shows the yield obtained at different levels of 

variables. Comparing two different speeds of 420 rpm and 300 

rpm for the machine shaft showed that the lower speed of 300 

rpm gave higher yields than 420 rpm when these two variables 

were subjected to the same operating conditions as shown in 

Table 3. A machine such as a screw press operating at lower  

Table 2: Levels of variables 

Variables 
Levels 

Low (-) High (+) 

Time of sterilization (minutes) 60 90 

Speed of machine (rpm) 300 420 

Quantity of fruit (kg) 1 2 

Quantity of water (litres) 5 8 

 

Plate 3: Pictorial view of the mechanical extractor 
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speed usually develop high torque required for efficient 

extraction of biomass, hence the increase in yield at 300 rpm. 

This observation is in agreement with the work done by [19] 

who reported that low shaft speeds in screw presses give better 

yield than high shaft speeds. Further results obtained from the 

study were the compositions and samples of date juice shown 

in Table 4 and Plate 4, respectively. It was however, read from 

literature that the date palm fruit contains more nutrients than 

the ones presented in this paper. 

Table 3: Juice Yield Obtained Using the Mechanical Extractor 

Exptal run 
Quantity of 

water (litres) 

Time of 

sterilization 

(minutes) 

Quantity of 

fruit (Kg) 

Speed of 

machine 

(rpm) 

Juice 

yield (Kg) 

1. 5 60 1 420 0.03589 

2. 8 60 1 420 0.04718 

3. 5 90 1 420 0.04956 

4. 8 90 1 420 0.05114 

5. 5 60 2 420 0.08954 

6. 8 60 2 420 0.09434 

7. 5 90 2 420 0.09833 

8. 8 90 2 420 0.10982 

9. 5 60 1 300 0.04851 

10. 8 60 1 300 0,05258 

11. 5 90 1 300 0.05911 

12. 8 90 1 300 0.06534 

13. 5 60 2 300 0.11843 

14. 8 60 2 300 012052 

15. 5 90 2 300 0.13081 

16. 8 90 2 300 0.14382 

Table 4: Compositions of date palm fruit juice. 

Parameter Unit Mean value Standard deviation 

Vitamin C mg/lm 0.13 - 

Proteins % 1.78 0.02 

Total sugar % 8.94 0.06 

Reducing sugar % 7.13 0.24 

Titratable acidity g/l 0.48 0.01 

Total solids % 8.99 0.23 

pH - 5.07 0.15 

Iron ppm 94.33 1.53 

Magnesium ppm 578.43 0.45 

Calcium ppm 127.93 0.88 

Phosphorus ppm 342.70 0.80 

Manganese ppm 31.00 1.00 

Copper ppm 16.60 0.53 

Potassium ppm 117.43 0.90 

Sodium ppm 0.10 - 

Lead - - - 

Cadmium - - - 

 
Plate  4: Samples of date juice. 
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