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ABSTRACT 

Rice is a staple diet of more than half of the world’s population. It is an important food and can potentially 

become a major export commodity for Nigeria in the near future. Paddy parboiling is a crucial process 

done to reduce excessive rice breakage and loss of nutrients. Most small-scale rice processors in Nigeria, 

specifically in Kano clusters, depend on the traditional paddy parboiling method, which uses pots or open 

drums to cook the paddy using firewood on a tripod. This method produces poor-quality rice; it is not 

efficient and time-consuming. This research is aimed at developing an improved paddy parboiler for 

small/medium-scale rice processors and also to carry out the performance tests of the parboiler. The 

improved paddy parboiler consists mainly of a boiler, a stove, steam pipes, steam pipe support, and a 

parboiler tank. The results of the performance tests carried out show that the steaming period and 

temperature have a significant effect on the moisture uptake and head rice yield at 1% probability level. 

The mean moisture uptake and the head rice yield increase with increased steaming period and 

temperature, and their values are significantly different at 5% probability level. The mean paddy moisture 

uptake ranged from 7.34 to 12.57%, and the mean head rice yield ranged from 59.79 to 92.13%. It is 

recommended that detailed performance evaluation of the improved paddy parboiler be done to investigate 

the effects of other parboiling parameters on moisture uptake and milling quality of rice for both direct and 

portion-size filling of paddy grains into the parboiling tank and also optimize the performance process 

using RSM. 
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1 INTRODUCTION 

ice (Oryza Sativa) belongs to the family of Gramineae. The crop is a staple diet for more than half 

of the world's population [1]. It is estimated that 80% of the world's population uses rice as a major 

source of calories [2]. It is among Nigeria's most important crops which occupy a fundamental 

portion of the government's strategic efforts in tackling food shortages through various national programs 

and agencies in the country. It is an essential food and can potentially become a major export commodity 

of the country in the near future. It is eaten as whole grain and can be converted to rice flour and 

subsequently reconstituted in hot water into a paste and eaten with soup known as tuwo shinkafa in Northern 

Nigeria. Paddy production in Nigeria has been on the increase in recent years [3]. In West Africa, Nigeria 

is the largest rice producer. Nigeria produced 8.5 million tonnes of rice in 2022, which makes Nigeria 

occupy the 13th position in the world's top 20 countries in rice production in the year 2022 as presented in 

Figure 1 [4]. 
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Figure 1. World Top 20 Countries Rice Production in 2022 [4] 

  Paddy is an unprocessed rice crop consisting mainly of white rice (70%), rice husk (20%), rice bran 

(8%) and rice germ (2%) [5]. Paddy can be processed into parboiled rice or regular rice. Regular rice is 

produced by direct milling of the paddy into without parboiling while traditionally parboiled rice is 

produced following the steps as given in Figure 2. 

 

Figure 2. Traditional parboiled rice processing 

  Parboiling is a hydrothermal process that means partial boiling. Parboiling is done because of its 

soft structure, rice if milled raw may suffer excessive breakage along with loss of vitamins and minerals. 
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The white rice kernel inside a paddy consists mainly of starch (Amylose (20%) and Amylopectin (80%)). 

The theory of parboiling is presented in Figure 3. 

 

Figure 3. Theory of Parboiling 

  During parboiling, there is irreversible swelling and fusion of starch granules. The starch 

changes from crystalline to amorphous form and partial gelatinization of starch occurs [6]. Parboiled rice 

is consumed in every part of Nigeria, and the government policy of disbanding rice importation in recent 

times has made rice to have wider spread cultivation across the nation.  This has also led to an increase in 

the number of small-scale rice processing industries in the country, and the majority of the small-scale 

processors have upgraded their plants from the olden-days rice dehulling machine to a modern rice milling 

machine that is faster, more efficient and produce a better quality rice heads. Some of them have also gone 

the extra mile of acquiring rice destonner in their efforts to meet the consumer demand for quality rice, but 

the majority of them yet depend on the traditional paddy parboiling method which uses pots or open drums 

to cook paddy using firewood on a tripod. This method results in overcooking the paddy closer to the heat 

source instead of steaming the entire paddy uniformly. The method produces poor-quality rice (coloured); 

it is not efficient and is time-consuming. It is therefore necessary to develop an improved paddy parboiler 

that will have a steam tank separate from the parboiling tank so that steam under pressure can be channeled 

through pipes into different parts of the parboiling tank uniformly. This research aimed at developing a 

sustainable paddy parboiler that can be adopted by small/medium scale rice processors in Nigeria and also 

carry out its performance test of the parboiler. 

2 MATERIALS AND METHODS 

As shown in Figure 4, the improved paddy parboiler consists of (1) Stove (2) Boiler (3) 

Temperature gauge (4) Pressure gauge (5) Steam pipe (6) Steam pipe support (7) Valves (8) Parboiler tank 

(containing perforated steam distribution pipes) (9) Parboiler stand and material outlet. To prevent 

corrosion, stainless steel materials were used for the boiler, pipes and fittings and the parboiler tank. Table 

1 presents the specifications of the various components of the improved rice parboiler. 
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Figure 4. Isometric view of the Rice Parboiler 

Table 1. Specifications of the Improved Rice Parboiler 

S/N Parameters Specifications 

1 Parboiler capacity 300 kg 

2 Stainless steel thickness 2 mm 

3 Density of Stainless steel 7.93 kg/m3 

4 Parboiler volume 0.528 m3 

5 Parboiler height 1060 mm  

6 Parboiler diameter 779 mm 

6 Boiler capacity 0.1 m3 (100 litre) 

7 Boiler thickness 3 mm 

8 Boiler height 700 mm 

9 Steam pipes dimensions 1 and 2 inches pipes 

10 Stove dimension 490 x 470 x 300 mm 

11 Gas cylinder capacity 12 kg 

12 Unimeter digital moisture meter 

 

2.1 Development of the Boiler (pressure steam pot) and the Stove 

The boiler is a 100 litre capacity vessel made from 4 mm thick stainless steel. The boiler generates 

the required steam which is conveyed by 2-inch steam pipes to the paddy in the parboiler tank. On the 

steam, a 2-inch stainless steel valve is installed to control stem supply into the paddy parboiler tank. A 

hollow inverted cylinder is concentrically welded to the inner part of the boiler to increase the surface area 

of the boiler receiving the heat and therefore reduce the water boiling time. A smaller size boiler was 

adopted to reduce the time of producing highly pressurized steam, and a water replenishing point was 

provided so that the volume of water required for parboiling paddy of 1 to 1.5 L/kg of paddy processed as 

recommended [7]. The stove was designed for different kinds of fuels, such as liquefied petroleum gas 

(LPG), firewood, rice husk, or sawdust to fire the boiler. In this study, the LPG was used for the performance 

evaluation of the parboiler. 



Nigerian Journal of Engineering Science and Technology Research, Vol. 10, No. 2, 2024(187-195) 

 

191 

 

2.2 Development of the Paddy Parboiler Tank and Steam Distribution Pipes 

Using the relation, Density =
Mass

Volume
 with a paddy parboiler tank of 300 kg paddy capacity, take 

the bulk density of paddy as 568 kg/m3 [8]. The required volume of the parboiler was calculated as 0.528 

m3. The parboiler tank is a cylindrical container in which the steaming of the paddy takes place. The steam 

pipe conveys the high-pressure steam from the boiler to a distribution box inside the parboiler tank. Five 

(5) blind perforated pipes (1 inch ∅) are connected to a distribution box inside the parboiler tank. The pipes 

are arranged vertically in the parboiler tank to discharge steam under pressure to the paddy at different 

strategic positions. An air-tight lid was provided to prevent heat and steam losses from the paddy parboiler 

tank. The parboiler tank was mounted and supported on a sturdy stand. The paddy parboiler tank was 

designed taken into consideration structural strength to withstand the various forces acting on it. It has a 

circular cross-section having its lateral pressure, total lateral wall load per perimeter and vertical wall load 

per perimeter are determined using the Jassen equation as given [9]. 

  𝐿 =  (𝑤𝑅 𝜇⁄ ) +  (1 − 𝑒−𝑘𝜇ℎ 𝑅⁄ )                                                                                                                 (1) 

Where, L = Lateral pressure (kg/m2); 𝑤 = Density of paddy (568 kg/m3); 𝑅 = Hydraulic radius 

(m) = cross-sectional area of tank divided by its perimeter. 

Therefore,  𝑅 = 𝐷 4⁄  

The diameter of the parboiler tank = 0.779 m. Hence, R = 0.195 m; 𝜇 = Coefficient of friction 

between grain and wall ( 𝜇 = 0.314) [10]. 𝑘 = ratio of lateral to vertical pressure in grains. 

  𝑘 =
1−𝑠𝑖𝑛𝜗

1+𝑠𝑖𝑛𝜗
                                                                                                                                                       (2) 

Taking  𝜗 as   32.69 0  for paddy [11], 𝑘 = 0.299. ℎ = depth of paddy to the point under 

consideration = 1.06 m, 𝐿 = 1409.55 kg/m2, 𝐿 = 13827.69 N/m2. 

  𝑃 = 𝐿ℎ                                                                                                                                                              (3) 

Where, P = Total lateral wall load per perimeter (kg/m). Therefore, P = 1494.12 kg/m. 

  𝐹𝑉 = 𝜇𝐿ℎ                                                                                                                                                         (4) 

Where, 𝐹𝑉 = Vertical wall load per perimeter (kg/m). Therefore, FV = 469.15 kg/m. 

2.3 Energy Required to Steam the Paddy 

  Energy required to steam the paddy was estimated using equation 5. 

  𝐸 = 𝐸1 +  𝐸2                                                                                                                                                   (5) 

Where: E = Total energy required to steam paddy (kJ); 𝐸1 = Sensible heat added to paddy (kJ); 𝐸2 

= Sensible heat added to paddy (kJ). 

  𝐸 =  𝑊𝑝𝐶𝑝(𝑇1 − 𝑇2) +  𝐼𝑊𝑔                                                                                                                        (6) 

Where, 𝑊𝑝 = Weight of the paddy to be steamed is 300 kg. 𝐶𝑝 = Specific heat capacity of paddy 

is taken as 4.34kJ/kg-K. [12]. 𝑇1 = Minimun ambient temperature of Kano 100oC [13]. 𝑇2 = Temperature 

inside the parboiler tank 21oC.  𝐼 = Heat of vaporization of water at 100oC = 2256 kJ/kg [12]. 𝑊𝑔  = Mass 

of water gained by steaming (kg). 

  𝑊𝑔 =
𝑊𝑝(𝑀𝑓−𝑀𝑖)

100−𝑀𝑓
                                                                                                                                               (7) 
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 Where 𝑀𝑖 = Paddy initial moisture content 13%; 𝑀𝑓 = Paddy initial moisture content 38%. As 

given by [14]. 

2.4 Performance Evaluation of the Improved Paddy Parboiler 

  The paddy parboiler was evaluated using Jamila a local variety of paddy. The experiment was 

carried out using completely randomized design (CRD) with three levels of steaming period of 25, 30, and 

35 minutes and three temperature levels of 100, 105 and 1100C respectively in three replications. Two 

performance indicators used for the evaluation of the parboiler were paddy moisture uptake and head rice 

yield percentage determined using equations 8 and 9 respectively.  Paddy moisture uptake: the percentage 

of moisture uptake for the samples was determined using direct measure with a Unimeter digital moisture 

meter by calculating the difference between the initial moisture content of paddy before steaming and the 

final moisture content of paddy as given in equation (8) [15]. 

  𝑈𝑚 = 𝑀𝑖  −  𝑀𝑓                                                                                                                                             (8) 

Where 𝑈𝑚 = Percentage moisture uptake of paddy samples (%); 𝑀𝑓 = Final moisture content of 

paddy (%); 𝑀𝑖 = Initial moisture content of paddy (%). Head rice yield (HRY) percentage: After steaming, 

the paddy then was dried to reach a moisture content of 14%, and was milled using husker and polisher to 

produce parboiled rice and head rice yield was determined using the relationship given by [16] in equation 

(9). 

  Head rice yield % =
Mass of whole grain

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑙𝑙𝑒𝑑 𝑟𝑖𝑐𝑒
 ×  100                                                                           (9) 

3 RESULTS AND DISCUSSION 

3.1 The Developed Improved Paddy Parboiler 

  Plate 1 presents the pictorial view of the assembly of developed paddy paboiler for small and 

medium-scale processors. 

 

Plate 1. Pictorial View of the Developed Paddy Paboiler 

3.2 Performance Results 

  The results of the performance evaluation of the improved parboiler using paddy moisture uptake 

and head rice yield percentage of the parboiler at different temperature levels and steaming period are 
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presented in the following sections. This method is similar to the method applied [16]. Table 2 shows the 

Analyses of variance results for moisture uptake and head rice yield percentage. Table 3 presents the mean 

separation results of performance tests for factors that have significant effects. 

Table 2. Analyses of variance on the result of performance tests 

Source of variation Paddy moisture uptake 

(F-values) 

Head rice yield %  

(F-values) 

Steaming period (P) 104.52* 446.57* 

Temperature (T)  659.78* 325.17* 

P*T 2.30NS   74.14* 

*Significant at 1% level; NS No Significant difference 

Table 3. Mean separation results of performance tests 

Treatments Paddy moisture uptake Head rice yield (%) 

Steaming period (mins) 

35 11.11A 92.13A 

30 10.16B 73.27B 

25 9.02C 59.79C 

Temperature (0C )   

110 12.57A 87.90A 

105 10.37B 76.92B 

100 7.34C 60.37C 

 

3.2.1 Paddy Moisture Uptake 

  The results from Table 2 show that the steaming period and temperature have significant effect on 

the moisture uptake at 1% probability level, while the interaction effect between the steaming period and 

temperature is not statistically significant on the paddy moisture uptake. Mean paddy moisture uptake 

ranged from 9.02-11.11% and 7.34-12.57% for the steaming period and temperature levels under 

consideration respectively. The results for further analyses using Least Significant Difference (LSD) as 

presented in Table 3 show that the mean moisture uptake increases with an increase steaming period and 

the values are significantly different at 5% probability level. This is because as the steaming period 

increases, there is more time for the paddy to be exposed to water thereby increasing it moisture uptake. 

These results corroborate with the findings of [15, 17]. From Table 3, it is evident that paddy moisture 

uptake also increases with an increase in temperature, and mean values of moisture uptake for the three 

levels of temperature under consideration are significantly different at 5% probability level. This trend can 

be associated with the energy level of water at higher temperature makes it available for absorption by 

paddy than at low temperature probably because water molecules are more free when the temperature rises. 

The results agreed with the findings of [15]. 

3.2.2 Head Rice Yield Percentage 

Table 2 revealed that the steaming period, temperature and the interaction between the steaming 

period and temperature have significant effect on the head rice yield at 1% probability level. Mean head 

rice yield ranged from 59.79 - 92.13% and 60.37 -87.90% for the steaming period and temperature levels 

under consideration respectively. The results for further analyses using LSD (Table 3) show that the mean 
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values of head rice yield increase with increased steaming period and the values are significantly different 

at 5% probability level. This is probably because when the steaming period increases, a larger portion of 

the paddy is well steamed thereby reducing the portion of the paddy that is not well steamed and therefore 

increasing the head rice yield percentage. This result is in accord with the findings [18].  From Table 3, it 

is evident that head rice yield also increases with an increase in temperature, and mean values of head rice 

yield for the three levels of temperature studied are significantly different at 5% probability level. This 

phenomenon can be associated with the higher energy acquired by the steam when the temperature 

increases which could aid the splitting of the paddy bran. The results agreed with the findings of [18, 19]. 

4 CONCLUSIONS 

The following conclusions can be drawn from the study: An improved paddy parboiler for small 

and medium-scale processors was developed and its performance evaluation was carried out. The results 

show that the steaming period and temperature have a significant effect on the moisture uptake at 1% 

probability level. Mean paddy moisture uptake ranged from 9.02-11.11% and 7.34-12.57% for the steaming 

period and temperature levels under consideration respectively. The results showed that the steaming 

period, temperature and the interaction between the steaming period and temperature have a significant 

effect on the head rice yield at 1% probability level. Mean head rice yield ranged from 59.79 - 92.13% and 

60.37 - 87.90% for the steaming period and temperature levels under consideration respectively. 
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