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ABSTRACT Drying and tempering conditions in multi-pass drying of rough rice directly 
affects head rice yield (HRY), drying kinetics, and energy utilization. The objective of 
this study was to determine the optimum multi-pass drying condition for two different 
rice verities namely, Shafagh (long-grain variety) and Sazandegi (medium-grain variety). 
The rough rice cultivars were dried at high (air temperature and relative humidity of 60°C 
and 17%) and low (air temperature and relative humidity of 40°C and 12%) drying 
conditions at four drying durations (1.5, 3, 4.5 and 6 percentage point moisture content 
removal). Then each drying batch was split into seven sub-samples, which were tempered 
for 0 to 240 min in increments of 40 min. Finally all samples were dried to 12.5% (w.b.) 
moisture content. After hulling and whitening, the HRY index was measured and 
statistically compared for each sample. Results showed that drying air condition, drying 
time and tempering duration had a significant effect on HRY. For both varieties and two 
drying conditions, the HRY value decreased as drying duration increased. Also the high 
temperature drying condition resulted to more loss in HRY as compared to the low drying 
condition. Results for both varieties revealed that applying high temperature drying 
condition resulting to remove 6 percentage points moisture content along with 2-4 hours 
tempering duration achieved high HRY value as approximately equal as corresponding 
values for low temperature drying condition. Therefore, for both varieties, it is concluded 
that high air temperature to remove 6% moisture content at first drying pass could be 
applied to rapid drying operation without damaging the rice kernel, as long as sufficient 
tempering is allowed. 
 
Keywords: Drying, head rice yield, milling, tempering. 
 
INTRODUCTION Rice (Oriza sativa L.) kernel breakage during milling 
process is a major rice industry problem. The ultimate objective of rice industry 
is to produce high-quality rice. To achieve such a goal, artificial drying is 
typically necessary to prevent qualitative and quantitative losses. 
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Head rice yield (HRY), the mass percentage of rice that remains as head rice 
after milling, is one of the most important quality characteristics in rice industry 
(Yang et al. 2003). Head rice is defined as milled kernels that are at least three-
fourths of the original kernel length (USDA, 1990). HRY reduction decreases the 
economical value of rice since broken kernel are typically worth half the value 
of sound kernel (Cnossen et al. 2003). HRY is especially sensitive to drying 
conditions and is commonly taken as an indicator to assess the effect of rice 
drying system on rice quality (Yang et al. 2003). It has been a long-term 
objective of researchers to develop a rice drying process that can maximize the 
throughput at minimal HRY loss with efficient energy consumption (Brooker et 
al. 1992). Rice drying and tempering effects has been studied extensively 
(Cnossen and Siebenmorgen, 2000, Cnossen et al., 1999, Cnossen et al., 2002, 
Hashemi et al., 2008, Mossman, 1986). 

Fan et al. (2000) investigated some drying condition for three rice varieties in 
relation to HRY reduction. They showed that drying condition and drying 
duration for each variety significantly affected the HRY of rough rice subjected 
to heated-air drying. They also reported that at more sever drying conditions 
HRY significantly decreased after a certain drying duration. 

During drying, temperature and moisture content (MC) gradients are developed 
within the kernel. Temperature gradients are removed some time after drying 
beginning. The MC gradients cause differential stress inside the kernel, which, if 
sufficiently large, cause the kernel to fissure (Kunze, 1979). Fissured kernels are 
more susceptible to breakage during subsequent hulling and milling, result in 
HRY reduction. 

Nowadays, researchers recommend multi-pass drying procedures to remove 
moisture from freshly harvested rice. Between drying passes, the rice is held in 
bins for a certain period of time to equalize moisture content (MC) gradients 
within kernels, created during drying. This process is named as tempering. 
Tempering decreases MC gradients by allowing moisture to move from the 
center to surface of the rice kernel. Time and temperature are main parameters in 
tempering operation. In commercial rice drying, tempering practices vary 
widely. By determining the minimum tempering time required to sufficiently 
reduce kernel MC gradients, the drying process can optimized (Cnossen and 
Siebenmorge, 2000). 

Hence, a few researchers studied about high drying condition in relation to HRY. 
Cnossen et al., (2000) showed that high drying temperatures (up to 60°C) and 
high moisture removal rates (close to 6 percentage point moisture content) can 
be used without reducing milling quality as long as sufficient tempering is 
allowed between drying passes. Cnossen et al., (2002) reported that since kernel 
diffusivity is much higher at high temperature than low temperature, using high 
drying temperature condition can significantly decrease drying duration time. 

The objective of present study was to investigate the optimum drying condition 
(drying duration and temperature in each pass) to achieve high quality rice along 
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with low energy consumption for two rough rice varieties namely, Sazandegi 
and Shafagh. 

MARERIALS AND METHODS 

Sample preparation Two rice varieties, namely Sazandegi (medium-grain) and Shafagh 
(long-grain) were prepared from Isfahan Center for Agricultural and Natural Resources 
Research and Iran Rice Research Institute (Amol) in 2009, respectively. The samples 
were cleaned manually to remove stones, straw, and dirt and then sieved to remove 
broken and damaged kernels. The initial moisture content of Sazandegi and Shafagh were 
20 and 20.5% (w.b.), respectively. The rough rice samples were sealed in double plastic 
bags and stored at approximately 4 °C before conducting the experiments. 

Drying and tempering The rough rice samples were dried at two drying air conditions: 
1- high (air temperature of 60°C and relative humidity of 17%), resulting in 5.5% 
equilibrium moisture content (EMC) as predicted by the Chung equation (ASAE 1999) 
and 2- low (air temperature of 40 °C and relative humidity of 12%), resulting in 5.8% 
EMC. The samples were dried in drying chamber with temperature and relative humidity 
(RH) controller system using thin layer drying method (layer thickness of 3 to 5 mm). For 
each drying condition, samples were dried at four different durations to remove 1.5, 3, 4.5 
and 6% moisture content from harvest moisture content. Each drying batch was split into 
seven sub-samples and tempered for 0, 40, 80, 120, 160, 200 and 240 min to assess the 
influence of different tempering time duration on head rice yield as the milling quality 
parameter.  Fig. 1 shows the experimental design including the drying conditions, 
percentage point moisture removals (PPMRs) and tempering durations. Weight loss of 
the rice was carefully measured in drying chamber to terminate drying as soon as the 
desired MC reduction was achieved. 

After drying, each sample was immediately put into the sealed bags for tempering. For 
each sample, tempering in the desired duration was done in an oven set at the temperature 
equal to the drying temperature. After tempering, the samples were taken out of the 
sealed bags and placed into thin layer batches in the drying chamber to gently dry to 
12.5% MC. This MC is recommended for proper hulling and milling. To achieve this 
moisture content, samples were dried under drying air condition set at 21°C and 55% RH 
resulting in 12.5% EMC. Until milling process, samples were held in sealed bags in 
storage at 4 °C. 
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Figure  1. Experimental design of drying and tempering operations for rough rice 
varieties Sazandegi and Shafagh. 

Milling A total of 224 samples (2 varieties, 2 drying conditions, 4 PPMRs, 7 tempering 
durations and 2 replicates) were made for this study. All milling tests were conducted in 
Iran Rice Research Institute (Amol). To determine HRY, each sample was hulled using a 
rubber roll husker (SATAKE TRU 358) and subsequently weighted and milled for 60 s in 
a laboratory abrasive rice milling machine (SATAKE TM). Then the samples were 
manually separated into sound and broken rice. Two 20 g subsamples were randomly 
taken of each milled sample to calculate HRY using equation 1: 
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where mh, mw and mr are mass of head kernels, white rice and rough rice (g) in 
subsample, respectively. The average of HRY for two subsamples was considered as each 
sample’s HRY.  

Statistical analysis The effect of variety, drying condition, drying duration and 
tempering duration on HRY were studied using a factorial experiment in a completely 
randomized design (CRD) with two replications. Treatment effects were analysed using 
SAS software v. 2009. When the analysis of variance was significant (P<0.05), the least 
significant difference (LSD) test was used for means comparison of collected data. 

RESULT AND DISCUSSION Result of analysis of variance (ANOVA) showed that 
variety had a significant effect on HRY value. Sazandegi (medium-grain) had 
significantly higher value of HRY than Shafagh (long-grain). Also in each drying 
condition, the higher values of HRY were belonged to Sazandegi variety. As table 1 
shows, for each variety, drying condition has a significant effect on HRY, so that the 
higher performance was acquired under low drying condition. This could be due to lower 
magnitude of MC gradient which in turn cause fissuring and subsequently breaking the 
kernel. But at high drying condition extended stresses are exerted within the kernels 
which some of them remain even after tempering and cause breaking the kernels in 
milling stages. 

(1) 
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Table 1. Comparison of HRY values as affected by variety and drying condition. 

 Drying condition 
Variety Low High 

Sazandegi 63.68 60.39 a 
Shafagh 

 b 
59.58 58.41 a 

For each variety, the means with the same superscript letters do not statistically differ at 
5% probability level according to the LSD test. 

 b 

 

Figure 2 indicates the influence of variety, drying condition and PPMR on HRY 
percentage. As it is shown for both drying conditions, Sazandegi had higher amounts of 
HRY than Shafagh variety in all PPMR levels. Even the values of HRY for Sazandegi 
obtained at high drying condition were greater than the corresponded values for Shafagh 
at low drying condition up to the 4.5% PPMR. This could be due to the inherent 
characteristics as well as the physical properties of tested varieties, as Sazandgi is a 
medium-grain and Shafagh is a long-grain variety according to their aspect ratios. The 
latter fact could influence the rough rice behavior in huller and miller devices. For two 
varieties and two drying conditions, increasing PPMR resulted to HRY reduction. 
Because the MC gradient increases with time of drying in each drying pass. 

HRY values of Sazandegi under both low and high drying conditions were not 
significantly different at 1.5% PPMR. This shows that at initial drying times, HRY was 
not significantly affected by drying condition. This finding existed for Shafagh variety up 
to the 3.5% PPMR. As shown in figure 2, HRY reduction rate for Sazandegi is more 
severe than its rate for Shafagh variety at both drying condition. However, the maximum 
MC gradients are created in the highest drying time duration (6% PPMR). 

 

 

 
Figure  2. Effects of variety, drying condition, and PPMR on HRY. 
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For both varieties dried under low condition at all PPMR levels, tempering had not a 
significant effect on HRY values, as shown in table 2. So when using low drying 
condition to dry rough rice at each PPMR, tempering is not necessary because the MC 
gradients are small and are not sufficient to fissure or break the kernel. Hence for two 
tested verities the highest values of HRY were belonged to low drying condition at all 
PPMR levels (figure 2), But the operation at this condition is slow and energy 
consuming. 

For Sazandegi variety at high drying condition and 1.5% PPMR, HRY was not influenced 
by tempering duration (figure 3). However, as drying time passed, reducing the tempering 
duration resulted to HRY drop. So that, removing 6 percentage point MC without 
tempering (0 min tempering duration), caused a dramatically HRY reduction. But, the 
samples that were tempered for 40 min, showed a significant increase in HRY values. 
Also, tempering of dried samples under high drying condition and 6% PPMR, for 120, 
160, 200 and 240 min, had no significant difference of HRY values, as shown in figure 3. 
It was not observed any significant differences between HRY values of dried samples 
under high drying condition at 3, 4.5 and 6% PPMR when 120 min tempering was 
applied. With increasing tempering duration from 160 to 240 min, no significant 
difference was observed between HRY values at 1.5, 3, 4.5 and 6% PPMR. 

Table 2. Summary of analysis of variance results of HRY affected by variety, drying 
condition and PPMR. 

Variety Drying 
condition df  Mean squares  

PPMR (1.5%) PPMR (3%) PPMR (4.5%) PPMR (6%) 
Sazandegi Low 6 0.24 0.03ns 0.55ns 0.14ns 
Sazandegi 

ns 
High 6 3.05 19.17** 108.21** 256.53** 

Shafagh 
** 

Low 6 0.89 1.16ns 1.16ns 0.87ns 
Shafagh 

ns 
High 6 1.40 2.17* 16.42** 71.69** 

ns Not significant, * significant at 5% probability level, and ** significant at 1% 
probability level. 

** 

 

  

Figure 3. Variation of HRY with respect to PPMR and tempering duration for Sazandegi 
variety at high drying condition. 
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Similar to Sazandgi, for Shafagh variety dried under high condition and 1.5% PPMR, 
increasing tempering duration had not a significant effect on HRY values (figure 4). But 
at 6% PPMR, as tempering duration increased from 0 to 120 min, HRY was significantly 
increased. However, more increasing tempering duration from 120 min would not result 
in improving HRY. Therefore, 120 min tempering is sufficient for this variety along with 
6% PPMR to reach proper HRY values. 

 

Figure 4. Variation of HRY with respect to PPMR and tempering duration for Shafagh 
variety at high drying condition. 

 

CONCLUSIONS Drying duration had a significant effect on HRY.  For drying of rough 
rice under high drying condition (60°C, 17% RH) tempering at same drying temperature 
prevented from HRY reduction.  So for both tested varieties namely, Sazandegi (medium-
grain) and Shafagh (long-grain) it is possible to use high drying temperature to remove 
6% initial moisture content in first drying pass without any significant HRY reduction as 
well as acquiring a rapid and energy saving operation. To prevent HRY reduction under 
high drying condition at 6% PPMR, 120 min tempering duration was required for both 
Sazandegi and Shafagh varieties. 
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