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Abstract. Hot air drying of palm fruit is a simple method but results in low grade palm oil. The steaming 

of palm fruit results in high grade palm oil but it requires a wastewater treatment process. Both methods 

have both advantages and disadvantages, therefore if they were combined, it can result in the better grades 

of oil, which should be encouraged for farmers in Thailand to apply. This research aimed to determine 

mechanical characteristics of semi-damp dryer for oil palm. The results of a compression and relative 

humidity tests were used as the criteria for the tests. The oil palm semi-damp dryer was used in this 

research. The oil palm semi-damp dryer used the aerosolized technique with 100 °C hot water as a sprayer 

and a humidifier for the oil palm in the dryer. The purpose was to reduced palm fruit hardness. The study use 

tenera palm from Prachinburi province and neighborhood of Thailand. The drying time for testing was 1, 

2, 3 and 4 hours. The temperature for testing was 70, 90 and more than 100 °C. The results of the 

compression force of oil palm by using a semi-damp dryer were lower than using a hot air drying. The 

compression was lower than using hot air drying. The best of mechanical characteristics palm was baking 

with semi-damp dry at 90 °C in 3 hours. Compression force was 0.675 kN and relative humidity value was 

57.18%. The palm oil was tested for the %FFA and DOBI and showed that the grade of palm oil by using 

semi-damp drying was fair but still edible grade.  
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1 Introduction 

The main process in palm oil production is drying or 

steaming of palm bunches to inhibit the enzyme reaction 

that will generate free fatty acids (FFA) and also help the 

palm fruits to be easily removed from the bunch. The 

drying operations is primarily influenced by the different 

drying parameters. Cosme-De Vera et al., (2021) studied 

and compiled research on drying methods under 

different drying conditions [1]. Jitwiriya et al., (2020) 

studied about heat loss analysis of continuous drying 

oven with outside conveyor chain [2]. The mathematical 

model can be designed and analyzed for the drying oven 

before building the hot air oven. For farmers in Thailand, 

the baking process is an easy-to-use process. It does not 

require a system for management with the wastewater 

generated by the palm steaming process. Although oil 

palm drying has the advantages of being easy-to-use and 

does not require wastewater management, the 

dehydrated palm fruit has the disadvantage of being 

unable to separate palm meat and palm seeds kernels. As 

a result, the palm oil obtained from the extraction 

process is lower grade than the palm oil obtained from 

the palm meat alone. If farmers are able to separate palm 

meat and palm seeds to enter the oil extraction process, 

they will get quality oil from palm meat which can be 

sold at a better price. Kanchanaworavanich et al., [3], 

National Institute for Materials Science, 2005, analyzed 

the advantages and disadvantages of steamed and non-

steamed palm bunch drying. Ekarat Vaiyanitet et al., [4] 

developed the new system of palm bunch drying without 

using the steam. This helps removing the moisture from 

the palm, makes the palm off the shell more easily, and 

also inhibits the formation of free fatty acids. Therefore, 

the palm oil has good quality in A grade with low 

humidity and low fatty acids. In the last step, there is no 

need to chase away moisture from the oil again. It can 

save energy. And when not using water in the production 

process, it does not cause wastewater. Shehu et al., 

(2019) [5] studied in kinetics of thermal hydrolysis of 

crude palm oil with mass and heat transfer in a closed 

system. The deterioration of bleachability index (DOBI) 

and carotene content decreased by more than 90% and 

95%, respectively, after 90 min of heating at 473 K, 

while at a temperature of 353 K, the DOBI and carotene 

content decreased by less than 10% for all samples with 

different initial water content. The increase in 

temperature and water content resulted in an increase in 

%FFA accumulation. There are also other studies that 

studies on the implementation of the process, from oil to 

analyze and create [6-12].  
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     From the study it was found that drying and steaming 

had different advantages and disadvantages. The 

advantages of each of these were designed to inhibit the 

enzyme reactions that will produce free fatty acids (FFA) 

and also help the palm fruits to be easily removed from 

the bunch and without the need for a wastewater 

treatment process. It was suitable for application to the 

farmers of Thailand. Therefore, to achieve a 

breakthrough in this regard, the researcher had an idea to 

learn about drying semi-damp palm oil for baking. The 

researchers had designed and built a semi-damp oil palm 

bunch dryer. After baking, the fruit is used to test the 

mechanical properties of palm oil after each drying 

temperature and humidity. Moreover, the semi-damp 

palm oil was studied for the basic properties of palm oil. 

 

2. Materials and methods 
 
2.1 Experimental setup and procedure  

To test for mechanical properties of palm oil, the 

Wannapakhe et al., [13] researched on a hot air dryer 

with closed-loop oscillating heat pipe with check valves 

(CLOHP/CV) for reducing energy in drying as shown in 

Fig. 1. The heat generator was a 4,000 W heater. The hot 

air from the heater that had passed through the chamber 

before being released into the atmosphere was used as a 

source of heat to the CLOHP/CV. When the CLOHP/CV 

were heated, the heat was transferred to the air before it 

enters the heater, it was reducing the energy in the 

drying process. It was added to humidify the air in the 

hot air chamber. The size of the baking chamber can 

contain up to 10 kilograms of palm oil fruits, the 

maximum temperature was 120 oC. The ware forming 

machine from nature pulp by Juntralux and 

Watanasriyakul [14] as shown in Fig. 2, it was applied in 

the press of oil palm fruit to produce palm oil. The 

machine had the section of a vacuum for sucking water 

out of the mold, the liquid palm oil was sucked and 

released through the liquid outlet. 

2.2 Operating conditions 
 

For testing, the drying time was 1, 2, 3, and 4 hours. The 

temperature for testing was 70, 90, and 110 oC. The hot 

air velocity was 0.5 m/s. The palm fruits (2 kilograms 

per testing) used for the test were Tenera varieties from 

the area of Kabin-Buri District, Prachinburi Province and 

neighborhood. In increasing the moisture, the boiling 

water can be increased at 99.7 °C and the water pressure 

up to 1.2 bars.  

   Then, the palm fruits after drying were tested for 

finding the compression force by using Universal Testing 

machine model NRI – TSS500 – 2S. The palm oil was 

tested for finding the FFA and DOBI value. The FFA and 

DOBI of palm oils were tested as follows [15]. Grade A 

crude palm oil (CPO) is controlled with a chemical value 

of FFA (Free Fatty Acid) not more than 5% of the 

amount of CPO per unit and DOBI value not lower than 

2.0. The appearance of the oil is yellow to red and thick 

and it is viscous. Grade B crude palm oil is controlled 

with a chemical value of FFA (Free Fatty Acid) at a level 

of not more than 8 - 10% of the amount of CPO per 1 

unit. Its appearance is a color between yellow, red and 

dark brown. It depends on the production in the palm 

drying process of each producer that will affect the burnt 

palm fruit or the cleanliness of the palm fruit before the 

extraction process. 

2.2.1 Finding FFA  

Prepare Sodium Hydroxide (NaOH) into the burette by 

weighing 0.4g of Sodium Hydroxide into the 250 ml 

shampoo bottle and pour 100 ml of pure refining water 

into the 250 ml shampoo bottle. Use the stirring rod to 

stir the solution to be mixed well. After that, pour it into 

the burette. Bring the obtained palm liquid into the titrate 

process for finding FFA by putting the crude palm oil 

into the oven and setting the temperature at 115 ˚C to 

dehydrate for 2 hours. Weigh 5 g of palm oil to put into 

the 250 ml shampoo bottle. Pour 50 ml of ethanol 95 

%v/v into the shampoo bottle containing the palm oil. 

Drop 1-2 drops of phenolphthalein solution into the 

bottle and perform titrate process until the sample turns 

constant pink. The volume of NaOH solution (V) was 

recorded to calculate the FFA as equation 1.  

 

FFA (wt.%) =
25.6V N

M

 
         (1) 

 

V      is the volume of NaOH (ml) 

N      is the standard solution concentration of NaOH (m) 

25.6  is the molecular mass weight of palmitic acid  

m      is the weight of palm oil (g) 

2.2.2 Finding DOBI 

Put the obtained palm oil into Spectrophotometer to find 

DOBI by putting the crude palm oil into the oven and 

setting the temperature at 115 ˚C to dehydrate for 2 

hours. Put the palm oil into the glass tube and measure 

the value by using Spectrophotometer. The wavelengths 

for the set absorbance test were 446 and 269 nm. The 

absorbance was recorded to calculate the DOBI by using 

equation 2. 

DOBI = Abs446 / Abs269            (2) 
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Fig. 1.  The semi-damp dryer 

 

 

Fig. 2. The ware forming machine from nature pulp [14] 

3. Results and discussions 

3.1 The results of the study on air conditions 
inside the drying chamber  

Data from a study that tested a palm hot air and semi-

dry. The relative humidity of both baking treatments was  

 

measured as shown in figure 6 – 8. If the air temperature 

was raised to more than 100 oC, the air in the palm fruit 

drying chamber cannot be semi -humidified. For 

measurements in the air temperature range of 70 and 90 
oC, in the case of the hot air drying process, the hot air 

drying humidity was the percentage of about 5-20. In the 

case of the hot air semi-damp drying process, the hot air 

drying humidity was the percentage of about 37-60. 

3.2 The results of the study on mechanical 
properties of palm fruits after a drying process 

As shown in figure 3-4, the heat-treated palm fruit has a 

brown skin color and dry palm. The semi-dampened 

palm has a dark red skin color and the palm was moist 

enough with water. When the dried palm fruit was tested 

for mechanical properties by using the Universal Testing 

Machine model NRI – TSS500 – 2S as figure 5. The test 

results were shown in figure 9-12. As the baking 

temperature increases, the compression force required to 

press decreases. Due to the ripening of the palm fruit, it 

had an effect on the pulp of the palm fruit was soft. 

Compared with the drying process, it was found that the 

palm dried by using the hot air drying has a higher 

compression force value than the semi-dryer at all drying 

temperatures. in case of the drying temperature was 

more than 100 oC, it was found that the compression 

force used was similar between hot air drying and semi-

damp drying. Because in the condition of drying at a 

temperature of more than 100 oC, the humidity of the air 

inside the drying chamber was not much higher than that 

of the general hot air dryer. It resulted in a semi-dry 

drying at temperatures exceeding 1 0 0  °C no different 

from hot air drying. 

Steam Inlet 

Steam Boiler 

Heater 

Hot Air 

Chamber 

Inverter 

Air outlet CLOHP/CV 
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Fig. 3. The heat treated palms 

 

Fig. 4. The semi-damp dried palms 

 
Fig. 5. The compression force testing by Universal Testing 

Machine model NRI – TSS500 – 2S 

 

Fig. 6. Relative humidity in case of drying at 70 oC 

 

Fig. 7. Relative humidity in case of drying at 90 oC 

 

Fig. 8. Relative humidity in case of drying at 110 oC 
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Fig. 9. Compression force in case of drying at 70 oC 

 

Fig. 10. Compression force in case of drying at 90 oC 

 

Fig. 11. Compression force in case of drying at 110 oC 

 

Fig. 12. Comparison of the compression force of 90 oC at 

drying time 3 hours 

3.3 The results of testing properties of palm oil  

From the test to study the condition of semi-damp 

drying, it was found that if the drying air temperature 

was increased more than 100 °C, semi-damp drying 

could not occur. The properties of palm oil were tested at 

temperatures of 70 and 90 oC only, and the drying time 

was 3 hours. From the test results as shown in figure 13, 

the results of the experiment showed that drying at 90°C 

for 3 hours, stored for 1 day in semi-damp drying, and 

was the best at % FFA. Because the semi-damp was 

helped to stop lipolysis better than hot air drying. The 

semi-damp drying, hot steam can penetrate into the palm 

fruit. As a result, the palm pulp obtained from the semi-

damp drying process was better than the conventional 

hot air drying process which produced free fatty acids in 

the palm fruit. The free fatty acid content in oil is an 

indicator of the quality of the oil that will be used for 

biodiesel production or consumption. If the %FFA is 

high, it will easily oxidize in nature, causing a rancid 

smell. When the palm oil was analyzed for DOBI in 

palm oil by center of excellence-oil palm Kasetsart 

university, Thailand, it was found that the CPO from hot 

air drying at 90 °C, drying time was 3 hours, DOBI 

value was 0.63. The oil grade was based on the DOBI 

value of the freshness of crude palm oil. If the value is 

lower than 2.2, it means that the CPO was not fresh. The 

oil was not suitable for consumption. The CPO from 

semi-damp drying at 90 °C, drying time 3 hours, DOBI 

value was 2.35, CPO was in grade 2.31 - 2.92, which 

was usable quality. The oil was suitable for 

consumption. The results are similar to the research of 

Pootao and Kanjanapongkul [15]. Increasing voltage, 

temperature and time resulted in higher yield and lower 

FFA while quality of extracted palm oil still met the 

standard. 
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Fig. 13. The free fatty acid content (FFA) of hot air drying and 

semi-damp drying 

4. Conclusion 

Semi-dryer, if the air temperature was more than 100 oC, 

it was not possible to make the air in the semi-moisture 

drying chamber. The mechanical properties test by using 

Universal Testing Machine, it was found that when the 

drying temperature increased, the compression force 

used to press decreased. The palm drying using hot air 

dryer has higher compression force values than semi-

damp dryer at all test temperatures. Except for the semi-

damp dryer at the drying temperature of more than 100 

°C, it was found that the compression force was similar 

between hot air drying and semi-damp drying. 

Therefore, it can be concluded that if semi-damp drying 

should be in the range of 70 - 90 oC. The properties of 

palm oil from the study data were conducted at 70°C and 

90°C, both hot air and semi-damp drying for 3 hours, 

with the oil being stored for 1 day, 2 days and 3 days. It 

was found that the best value of CPO was semi-damp 

drying at 90 °C for 3 hours of drying time with 1 day of 

CPO left, %FFA was 0.25%. The best DOBI test was at 

Semi-damp drying at 90°C, drying time 3 hours, with 

DOBI value of 2.35. From the test results, it can be 

concluded that semi-damp drying should be done. 

Because the properties of CPO were a higher grade than 

CPO obtained from hot air drying. 
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