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Abstract

Antecedents: head yield is a key aspect to get good economic returns in rice milling. In last years it has been important advances in theory development for understanding breakage mechanism and new instruments to measure individual kernels moisture. In Colombia static drying systems (“pools”), using low temperature, have been improved during the years and produces higher head yields that any other commercial system available in the area. Objectives: to apply glass transition principles, advanced in the University of Arkansas, to commercial rice drying procedures, to increase milling head yields using continuos flow dryers and to understand good results of static “pools”. Tg theory proposes inverse relationship between moisture and transition temperatures. Materials and Methods; research was done in commercial installations, during 2002, in Venezuela. Rice lots with single kernel moisture standard deviations from 1.5 to 4 were dried in four passes, at different temperatures, in commercial tower dryers. Hypothesis was that high moisture kernels in lots of high standard deviations. would have less milling breakage if first pass temperature would avoid crossing of low transition line (Tg).  Results: laboratory and commercial milling results showed significant head yields increases in rice lots with high standard deviations. when dried at lower initial temperatures. Total output of plant was reduced by 15%.  Discussion: system proposed could be used commercially. Determination of moisture deviation would be needed. The very good results obtained with static “pool” dryers could be explained with Tg theory. Conclusions: results show that  Tg. theory could be applied to design systems capable of produce better head yields.
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It could be proposed that head milling yields obtained in advanced rice mills may give a summary of agricultural and milling technology  level of determinate country.

In Colombia, a country that produces around 2.5 millions tons of paddy each additional percentage point increase in milling yield may represent about US$ 1.56 per paddy ton., and in Venezuela a country that produces between 600.000 and 700.000 paddy tons, about US$ 4.50.  

Without leaving aside the importance of field received grain it could be stated that drying process has  appreciable incidence in milling yields. 

The Rice Milling Program of the Arkansas State University, directed by Dr. Terry Siebenmorgen
 has been studying the application of the polymers glass transition principles to rice drying 
 
. Glass transition theory has become a new theoretical approach to analyze an old problem

Rice starches (amylase and amylopectine) change its “state” depending upon the relationship of its moisture and content and temperature.

For a given rice grain, transition from glassy to rubbery state is function of its temperature and its moisture.

In glassy state, rice grains have: low expansion coefficient, low specific volume and low diffusivity of its internal moisture.

In rubbery state, rice grains have: high expansion coefficient (six to seven times higher than in glassy state), high specific volume and high diffusivity of internal moisture, meaning by this last point that internal moisture tends to move rapidly under pressure of temperature.   

Relationship between temperature and moisture content and glass transition zone are presented in graph No 1 adapted from Siebenmorgen’s papers.

In graph it could be appreciated easiness with which high moisture grains move from glassy to rubbery state.

During drying, as outer layers of grain loose moisture more rapidly than inner layers a humidity differential is established and outer part of the grain may be in vitreous state and inner in rubbery. In this moment grain is formed by two different materials, each one behaving in different way. Internal stresses induced may contribute to development of fissures and brokens.       

Moisture of grain received from field may have high dispersion of several origins: grains maturing differences, location on spiklets, seed germination vigor and varietal differences than induce long flowering season.

In seed dispersion there other affecting factors as, non pure seeds used (typical in Colombia, Ecuador and Venezuela), rodents activity that may produce a kind of “ratoon” second crop within main crop and climate variability.   

In this inform the statistical standard deviation is used to measure moisture dispersion of individual grains in a given sample.

In graphs No 2 and No 3 it could be appreciated grain moisture dispersion of several samples evaluated in Venezuela (Calabozo area) in 2002 first semester. 

It is important to observe moisture extremes. In following Graph No 2, for example, extremes are 17% and 29%, meanwhile average moisture was 23.4%

In graph No 3 moisture extremes are 19% and 33% while average moisture was 25.4%

Samples with Standard Deviation higher than 4 were found. It could be presented the hypothesis that this kind of dispersion was produced by rodents attacks or other factors affecting flowering, including instability of tropical conditions. 

Grain drying may increase or reduce individual kernels moisture dispersion.

During storage of a given low average moisture lot, some kernels may suffer high temperature discoloring. High moisture dispersion may be the answer. 

Experience acquired with moisture dispersion concept, up to this moment, permits suggesting that grains having Standard Deviation higher than 2 but below 3, may be qualified as medium dispersion, and higher than 3 as high, requiring special cares to get maximum milling head yields.  

In Venezuela the drying system more widely used is similar to the one used in USA and employees passes per tower dryers to gradually remove moisture. Tempering times between passes are of 6 to 8 hours and drying temperatures varies between 55º to 60º  C.

In Colombia majority of the crop is processed in static, low temperature “pools” 
 
. Average temperatures are lower than 40º C. Pools are illustrated in Graphs No 4 and No 5. 

Grains dried in Colombian Pools usually have large average differences depending upon position on static layer, differences may vary between 2% and 3%, while grain dried in tower dryers may reduce its moisture dispersion. Despite this difficulty, that may affect storage and milling behavior, rice dried in “pools” usually get better milling head yields than the one dried in tower dryers. Differences may vary between 1% to 3%, depending upon initial conditions of paddy
. 

High yields obtained with low temperature drying could be theoretically explained because during all process grain never goes over transition zone.

Experience gained up to this moment shows that dry grain having Standard Deviation lower than 0.7 doesn’t presents any important difficulty during husking and whitening process but grains with Standard Deviation higher than 1.0 may start to have such difficulties.   

Interaction between glass transition (Tg) principles and individual kernels moisture dispersion may be appreciated in figure No 6.

In figure No 6 the Tg zone has been superimposed one of the moisture dispersion graphs above presented.

It could be observed how individual kernels with high moisture may go across Tg zone when drying temperatures are as low as 31º C, but lower moisture kernels may need to get more than 48º C
.

Glass Transition principles indicate that during drying processes higher moisture kernels are more affected by relatively high temperatures (45, 50oC) than kernels with lower moisture.

In a given lot of grain with moisture average that may seem low, if moisture dispersion is high, the more humid grains support higher stresses induced by its starches transition from glassy to rubbery state and are more prone to be fissured and broken.
With mentioned theoretical support an applied research project was developed in Venezuela to be applied to the typical system that uses tower dryers to gradually remove moisture.   

Procedure used lots of rice having moisture dispersions varying between 1.5 and 4.0. 

Results of samples dried with laboratory low temperature dryers and milled with McGill units
 were compared with results of commercially processed lots using standard procedures and procedures adjusted applying Tg and moisture dispersion principles already described.   

Adjusted procedures followed hypothesis that rice lots of higher dispersion would produce higher milling yields if first pass temperature would not force the glass transition.

Key to the experiment was Kett PQ 510 individual kernel moisture tester illustrated in following graph No 7 

Graph No 7, Individual kernels moisture tester
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In My 2002 a 500 MT rice lot was divided in two sublots, the first one of 200 MT was dried in four passes with standard temperatures going from high to low and second one, 300 MT, was dried with ajusted temperatures that went from low to high. Conventional and modified temperatures used are presented in following table.

Table No 2, Changes in drying temperatures C.


Air temperature “modified”
Air temperature, “conventional”

1er Pass
52
67

2º Pass
55
67

3er Pass
58
59

4º Pass
60
55

As it could be appreciated main change was to reduce air temperature during initial passes, when wetter kernels are more susceptible to be affected and to increase temperature, to partially compensate drying capacity loss, during final passes.

Standard deviation of moisture of individual kernels was 3.76, a rather high value. The two sublots were not identical but, after tests of brokens hand shelled of samples took in each drying pass
, it could be established that lot dried with conventional procedure had a potential milling yield somewhat higher than other’s lot. 

Brokens yields results with hand shelling are illustrated in Graph No 8. Samples of first three passes were dried completely in laboratory units.

Milling yields were determined initially with McGill laboratory equipment and afterwards compared with results of a commercial mill, equipped with last generation technology.
At the end of fourth pass, laboratory head yield of samples of lot dried with modified system were approximately higher 1.5% than yields from samples of conventional system. Results of complete process are presented in Graph 9.

Final head yield results of complete sublots using a commercial rice mill equipped with latest available technology confirmed laboratory results.

Procedure was formally adopted  as standard for all types of rice since the end of 2002. Results have shown that when dispersion standard deviation is close to 2 increases in head yields may estimated around 1%, and when Standard Deviation is close to 3 benefits in head yield may be around 2%. 

It must be mentioned that with lower temperatures drying capacity is reduced between 15% to 20% but gains in head yields give ample compensation to additional investment needed.
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� Perforated beds are inclined 33º to be loaded and unloaded automatically, by gravity.


� See detailed discussion in: Castillo-Niño. A. Gaviria-Londoño.J. Molinería de Arroz en los Trópicos, Ediagro Ltda., Bogotá, 2000.


� Figures are only approximated. Tg zone for tropical varieties has not yet been studied.


� Following USDA, FGIS, procedures. 


� Tempering times between passes varied between 6 and 8 hours. 





