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Summary: An investigation was realized to obtain information on paddy parboiling conditions and parboiled rice drying conditions. Parameters required in the processes of paddy thermal treatment were reviewed and compared with research results. Field tests on parboiling autoclaves and mixed-flow rice dryer were made at the Parboiling rice factory in Kočani. Three autoclaves with functional capacity of 3000 kg paddy/h and one mixed-flow parboiled rice dryer with capacity of 2500 kg parboiled rice/h were included in the examination. The paddy behavior in the parboiling process was controlled by measurements. The processes of paddy soaking in hot water, steaming, pre-drying, milling and parboiled rice drying were included in the measuring programme. The study was conducted on three local paddy varieties, Monticelli, Saint Andrew and RS76. The range of the required parameters for the processes of paddy parboiling and parboiled rice drying was determined.
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1. INTRODUCTION


World rice production is about 500 million tonnes, [1]. Over 95 % of the world rice production is used for human food, [2].

Rice quality is evaluated according to grain size, shape uniformity, color, translucency, milling yield, cooking characteristics, cleanliness and soundness.


Rice quality depends on: rice variety, environmental conditions during the growing period, time and system of harvesting, postharvest treatment, storage practices and transport procedures, [3].

The postharvest treatment is the phase in which the thermal engineers intervene.

Rice is harvested at moisture contents that are too high for safe storage. Immediate drying is essential to prevent grain quality deterioration. Drying of rice is the most widely practiced preservation method, [4].

Parboiled rice is exposed to thermal treatment even before its drying.


Rice in the husk, paddy, which has been soaked in water, steamed and dried, after removing its husk, is parboiled rice.


About 50% of the world paddy production is parboiled.


Rice is parboiled to improve its nutritional value, to reduce grain breakage during milling and to increase the storage period, [5].

In the rice parboiling technology, heat energy is needed two times: 1. for the parboiling autoclave, where the paddy is soaked and steamed, 2. for the heat exchanger in the dryer. Of all cereals, rice is probably most difficult to process without quality loss, [6].

The purpose of this paper is to summarize the available data in the analysis of thermal processes: paddy parboiling and parboiled rice drying.
2. THERMAL PROCESSES OF RICE PARBOILING AND DRYING

For the both thermal processes the following parameters were considered: used equipment, capacity for processed product, characteristics of working medium, thermal state in the working room, needed period for process realization and final moisture content of treated product.

The production of parboiled rice consists of: 1. paddy soaking in hot water, 2. paddy steaming, 3. paddy drying, 4. paddy husk removing, and 5. parboiled rice drying.

Field tests on parboiling autoclaves and mixed-flow rice dryer were made to control the improvement of rice quality.

The paddy behavior in the parboiling process was followed by measurements. These parameters were included in the measuring programme: 1. soaking in hot water (water temperature, paddy moisture content, time), 2. steaming (steam pressure and temperature, paddy moisture content, time), 3. paddy drying (air temperature, paddy moisture content, time), 4. paddy husk removing (whole-kernel yield), and 5. parboiled rice drying (air temperature, airflow, rice moisture content, time).

In the phase of preparation of dryer for planned tests two interventions were made at the dryer: 1. The augers and the modules were fitted with sampling tubes, and 2. Air inlet duct was completed with a measuring duct.


In the last decades there has been remarkable development in the rice parboiling technology. Some improvements were introduced to rise up the quality of edible rice and to increase the energy efficiency of the equipment. The attention is concentrated to the basic functional element of a parboiling plant, the autoclave.

For the actual investigation, three autoclaves were included in the test process. They are built as double wall rotary containers, Figure 1.

Through the left axle of the autoclave the drying room is in connection with the vacuum pump. At the end of the process of paddy steaming, a partial vacuum is created in the autoclave and the process of parboiled paddy drying is started. For the period of about three hours the paddy moisture content ought to be lowered at 17 %.


The right axle of the autoclave is used as filling tube for the heating medium.

At the test procedure 6000 kg of paddy, in one charge per autoclave, were treated with hot water and steam. Before parboiling the paddy mass was carefully cleaned and all organic or inorganic impurities were eliminated.

The quality of potable water for soaking was also controlled, because the content of minerals or other substances in the autoclave, may affect the results of the 
process.


About 1200 liters potable water is needed for soaking of 1000 kg paddy.
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1-parboiling room, 2-vacuum tube, 3-autoclave lid, 4-autoclave drive, 5-heating tube

Fig. 1 Paddy parboiling autoclave

For deciding how long soaking must be practiced, four factors are important: paddy variety, cultivation conditions, period of storage and water temperature, [7], [8]. The process can be speeded by the use of physical and chemical means: air vacuum, hydrostatic pressure and wetting agents.

For the soaking process is desirable to avoid the husk opening as far as possible. Incorrect water temperature and period of soaking can cause solubilization of

substances in the rice, change of color, smell and taste, [9].

The efforts to define the correct soaking conditions resulted in data shown in Table 1.

Table 1 Basic parameters for paddy parboiling process
	Parameter
	Process

	
	Soaking
	Steaming
	Drying

	Equipment
	Parboiling autoclave
	Parboiling autoclave
	Cascade dryer

	Capacity, paddy
	1000 kg/h
	1000 kg/h
	1000 kg/h

	Working medium
	Water
	Steam
	Air

	Working medium maximum temperature
	60 oC
	110 oC
	40 oC

	Period
	35-45 min.
	60-80 min.
	180 min.

	Final moisture content dry basis
	35 %
	60 %
	17 %



Steam injection in the parboiling room of the autoclave is the second phase of paddy parboiling process. Thus the paddy is heated at the temperature of 110 oC.


The use of steam for gelatinization of paddy starch is the most preferable method. The steam is normally sterile, has no smell and it is easy to pipe.


At the tests, duration of the steaming process of 60 to 80 minutes, was satisfactory for the varieties Monticelli, Saint Andrew and RS76.


After the soaking and steaming operations, the edible portion of the paddy is enriched with substances from the covering structure, the husk, but the paddy is carried to very high moisture content dry basis, up to 60 %. Such moisture content is not encountered in any other rice treatment. Therefore, a long period of rest or “tempering” before removing the husk is used, so that the moisture content of the paddy may be even. At the end of the process the paddy moisture content dry basis reaches 17 %, [10].

When the paddy is parboiled in the correct manner, milling will give maximum yield of edible rice with the minimum content of broken grains.


There are no difficulties in removing the husks of parboiled paddy, as the husks split to some extent when the grain swells. Husks are removed in shelling machines with rubber rollers. The next step is whitening of parboiled rice. To get a good polishing degree, the parboiled rice must pass through more polishers than the ordinary rice. Five polishers with five different regulations are used.

Paddy husk removed in the milling process is stored in silos. In the applied parboiling technology the husks are used for fuel. Stored husk is transported, in the needed quantities, to the boiler grate for burning. Combustion of husks has the advantage of consuming this secondary product at the same location where it is produced.


The tests of parboiled rice drying were realized on the industrial type mixed-flow rice dryer, [11].


The dryer is composed of drying room, air ducts, heat exchanger, fans and augers.


Drying process is crucial for rice quality. One of the most important criteria for rice quality is milling yield. Unbroken rice kernels or head rice, are preferred for human

food and their market value is greater than that of broken kernels. Therefore, it is important to minimize any kind of stress that may result in kernel breakage. To avoid thermal stress, the maximum rice kernel temperature in the dryer, ought to be 38 oC. Rice, unlike corn and wheat, cannot be dried in high temperature drying systems.

The parboiled rice drying conditions are presented in Table 2.
Table 2 Basic parameters for parboiled rice drying
	Parameter
	Process

	
	Drying

	Equipment
	Mixed-flow dryer

	Capacity, parboiled rice
	2500 kg/h

	Capacity, heated air
	40000 m3/h

	Working medium
	Air

	Working medium maximum temperature
	42 oC

	Dried product maximum temperature
	38 oC

	Final moisture content, dry basis
	12 %



Initial, internal and final moisture content of parboiled rice are inspected by taking representative samples in the rice filling auger, all six modules of the dryer and in rice unloading auger. In the dryer, the moisture content dry basis of parboiled rice is reduced from 17 % to 12 %.


The whole-kernel yield was registered by electronic whole kernel separator. The amount of broken kernels was less than 5 %.
3. CONCLUSION

Drying conditions were established in the mode based on field tests. 


The data presented in this paper are for local rice varieties, under a specified range of conditions.
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