Effect of Rice Varieties, Hydrothermal Treatment, and Milling Equipment on Grain Breakage and Yield
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The efficiency of rice processing depends on varietal characteristics, moisture content, drying conditions, and mechanical processing parameters. This study evaluated the technological characteristics of the Lazur and Nukus-2 rice varieties cultivated in Uzbekistan in relation to moisture conditioning, controlled drying, polishing stages, and equipment type. The initial quality characteristics of the experimental samples were determined according to GOST requirements. The moisture content of the samples was adjusted using air at 30–35 °C, with a moisture removal rate not exceeding 1 %/h. Dehulling and polishing were carried out in four consecutive stages. The results showed that the proportion of broken grains increased and rice yield decreased with increasing polishing stages. For the Lazur variety, the proportion of broken grains at the fourth stage was 13.0 % in the untreated sample and 11.8 % in the conditioned sample. For the Nukus-2 variety, the corresponding values were 9.8 % and 5.9 %, respectively. Moisture conditioning reduced the proportion of broken grains at the fourth stage in the Nukus-2 variety by 39.8 %. At the fourth stage, rice yield increased from 54.0 % to 57.5 % for Lazur and from 60.4 % to 61.5 % for Nukus-2. The results indicate that moisture control before processing and gradual drying at relatively low temperatures can improve the mechanical stability of rice grains.
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1. Introduction
Rice (Oryza sativa L.) is one of the major food crops worldwide, and the efficiency of its processing depends not only on yield but also on the physical and mechanical properties of the grain and the conditions of technological processing. Grain breakage during dehulling and polishing reduces the yield of whole rice and increases the proportion of broken rice. Therefore, reducing mechanical damage to rice grains is an important task in food engineering and rice processing technology.
Zareiforoush et al. (2014) investigated the effects of rice moisture content, variety, and hydrothermal treatment conditions on milling quality and head rice yield. The authors demonstrated that the moisture condition of the grain affects its mechanical properties and susceptibility to breakage during processing. Buggenhout et al. (2013) analysed the breakage susceptibility of raw and parboiled rice and reported that the internal structure of the grain and the presence of cracks are important factors contributing to mechanical damage.
Bhattacharya and Subba Rao (1966) demonstrated that soaking and heat treatment during parboiling can improve rice milling yield. Ndindeng et al. (2018) found that steaming duration affects the physicochemical properties of rice. Gunathilake and Senadeera (2023) demonstrated the potential of mild hydrothermal treatment for improving rice milling yield.
Under conditions in Uzbekistan, paddy rice may in some cases be temporarily stored in open areas before being delivered to processing facilities. Under such conditions, high temperatures and solar radiation can cause rapid moisture loss, while atmospheric precipitation can result in rewetting. Rapid changes in moisture content may create a moisture gradient between the outer and inner layers of the grain, increasing internal stresses during drying and subsequent mechanical processing. Therefore, considering the practical conditions of rice processing in Uzbekistan, this study focused on moisture conditioning and controlled drying as pre-processing operations relevant to local rice processing conditions. Particular attention was given to maintaining an appropriate moisture content and limiting the drying rate to reduce mechanical damage during subsequent dehulling and polishing.
The aim of this study was to quantitatively evaluate the effects of rice variety, pre-processing moisture condition, moisture conditioning, controlled drying, polishing stage, and equipment type on grain breakage and rice yield in the Lazur and Nukus-2 rice varieties.
The novelty of the study lies in evaluating pre-processing moisture control, limitation of the drying rate, and mechanical polishing as an integrated technological system for locally cultivated rice varieties.

 2. Materials and Methods
2.1. Research materials and sample preparation
The study used the Lazur and Nukus-2 rice varieties cultivated in Uzbekistan. Samples from each variety were collected for laboratory experiments. Sampling was carried out by combining incremental samples collected from different parts of the grain lot to form a representative laboratory sample. This approach was adapted to the requirements for grain sampling and sample preparation specified in GOST 13586.3-2015.
The initial samples were cleaned of foreign matter, mineral impurities, weed seeds, damaged grains, and grains unsuitable for technological processing. The experiments were planned with independent replications.

2.2. Determination of initial quality characteristics
The moisture content of paddy rice, foreign matter, grain impurities, chalky grains, red grains, and other defects were determined using standard laboratory methods. The quality characteristics of paddy rice were evaluated based on the requirements specified in GOST 6293-90 and relevant standards.
Grain moisture content was determined using the oven-drying method in accordance with GOST 13586.5. The representative sample was ground, and a 5.00 g test portion was weighed and dried at 130 ± 2 °C for 40 min. Moisture content was calculated from the difference between the sample mass before and after drying. The analysis was performed in two parallel determinations, and the final result was expressed as the mean value to an accuracy of 0.1 %.
According to the obtained results, the initial moisture content of the Lazur sample was 10.2 %, whereas that of the Nukus-2 sample was 11.3 %. These values were used as the initial moisture conditions for evaluating the samples before processing

2.3. Moisture conditioning and drying
Samples with a technologically low moisture content were conditioned by spraying with water. Samples with high moisture content or those rewetted by atmospheric precipitation were gradually dried using air at 30–35 °C. A maximum moisture removal rate of 1 %/h was adopted as the technological criterion for the drying process.
The drying duration was calculated based on the difference between the initial and final moisture contents:
td ≥     (1)
where (td) is the drying duration, h; (Mi) is the initial moisture content, %; (Mf) is the final moisture content, %; and (vd) is the moisture removal rate, %/h.
For example, if a 10 percentage-point reduction in moisture content is required and the drying rate does not exceed 1 %/h, the calculated minimum drying duration is 10 h. Therefore, 10 h was not considered a fixed universal drying regime, but rather the calculated duration for a specific moisture reduction requirement.
At the end of the drying process, the moisture content of the paddy rice was adjusted to the range of 13–14 % for subsequent dehulling and polishing.

2.4. Dehulling and polishing
The moisture-conditioned paddy rice samples were processed using laboratory-scale dehulling equipment. After dehulling, the resulting brown rice was subjected to four consecutive polishing stages.
Both abrasive- and friction-type polishing equipment were used in the experiments. After each polishing stage, the sample was collected and separated into whole and broken grain fractions.
2.5. Calculation of rice yield and grain breakage

The overall rice yield was calculated using the following equation::
Ym=mm/mp×100 (2)
where Ym — is the rice yield, %; mm —  is the mass of the obtained rice, g; mp — is the initial mass of paddy rice, g.
The proportion of broken grains was determined as follows:
B=mb/mm×100	(3)
where (B) is the proportion of broken grains, %; (mb) is the mass of broken grains, g; and (mm) is the total mass of rice, g.
The head rice yield was calculated as:
Yh=mh/mp×100 (4)
where (Yh) is the head rice yield, %; (mh) is the mass of whole grains, g; and (m_p) is the initial mass of paddy rice, g.
The relative reduction in the proportion of broken grains resulting from moisture conditioning was calculated using the following equation:
Rb=B0−Bc/B0×100 (5)
where (B0) is the proportion of broken grains in the untreated sample, %; and (Bc) is the proportion of broken grains in the moisture-conditioned sample, %.

[bookmark: _GoBack]2.6. Experimental factors
The main experimental factors were rice variety, moisture condition, polishing stage, and equipment type. The moisture condition was divided into untreated and moisture-conditioned variants. Before processing, the moisture content was adjusted to the range of 13–14 %. Drying was carried out at 30–35 °C, with a maximum moisture removal rate of 1 %/h.
3. Results and discussion
3.1. Initial quality characteristics

The initial quality characteristics of the Lazur and Nukus-2 rice varieties are presented in Table 1.
Table 1: Initial quality characteristics of the Lazur and Nukus-2 rice varieties
	Parameter
	Lazur
	Nukus-2

	Grain type
	I
	III

	Moisture, %
	10.2
	11.3

	Foreign matter, %
	4.3
	4.6

	Mineral impurities, %
	0.2
	0.3

	Weed seeds, %
	1.6
	1.8

	Grain impurities, %
	9.5
	9.8

	Dehulled grains, %
	1.8
	2.0

	Sprouted grains, %
	0.0
	0.1

	Chalky grains, %
	1.6
	1.8

	Red grains, %
	2.1
	2.4



The initial moisture contents of the two rice varieties were similar, measuring 10.2 % for Lazur and 11.3 % for Nukus-2. However, differences in the mechanical stability of the two varieties were observed during processing.
3.2. Effect of polishing stage on the Lazur variety
For the Lazur variety, the proportion of broken grains increased with increasing polishing intensity. In the untreated abrasive-polishing variant, the proportion of broken grains increased from 11.5 % at the first stage to 13.0 % at the fourth stage.
Table 2: Effect of moisture conditioning on grain breakage and rice yield of the Lazur variety
	Moisture condition
	Stage
	Broken grains, %
	Rice yield, %

	Untreated
	1
	11.5
	57.5

	Untreated
	2
	12.2
	56.0

	Untreated
	3
	12.8
	55.0

	Untreated
	4
	13.0
	54.0

	Conditioned
	1
	10.2
	61.7

	Conditioned
	2
	10.8
	60.0

	Conditioned
	3
	11.2
	59.3

	Conditioned
	4
	11.8
	57.5



Moisture conditioning reduced the proportion of broken grains at all polishing stages for the Lazur variety. At the fourth stage, the proportion of broken grains decreased from 13.0 % to 11.8 %, corresponding to a reduction of 1.2 percentage points or 9.2 % in relative terms. At the same stage, rice yield increased from 54.0 % to 57.5 %, representing an increase of 3.5 percentage points.
3.3. Effect of polishing stage on the Nukus-2 variety
The proportion of broken grains in the Nukus-2 variety was lower than that observed for the Lazur variety. In the untreated sample, the proportion of broken grains increased from 8.1 % at the first stage to 9.8 % at the fourth stage. In the moisture-conditioned sample, these values were 4.9 % and 5.9 %, respectively.
Table 3: Effect of moisture conditioning on grain breakage and rice yield of the Nukus-2 variety
	Moisture condition
	Stage
	Broken grains, %
	Rice yield, %

	Untreated
	1
	8.1
	64.6

	Untreated
	2
	8.7
	62.9

	Untreated
	3
	9.2
	62.1

	Untreated
	4
	9.8
	60.4

	Conditioned
	1
	4.9
	65.0

	Conditioned
	2
	5.1
	63.7

	Conditioned
	3
	5.5
	62.6

	Conditioned
	4
	5.9
	61.5


At the fourth polishing stage, moisture conditioning reduced the proportion of broken grains from 9.8 % to 5.9 %. This corresponds to a reduction of 3.9 percentage points, or 39.8 % in relative terms. At the same time, rice yield increased from 60.4 % to 61.5 %.
3.4. Technological effect of moisture management
The obtained results demonstrated that moisture normalization before processing had a positive effect on the mechanical strength of the rice grains. Moisture management reduced the proportion of broken grains in both the Lazur and Nukus-2 varieties.
The effect was more pronounced in the Nukus-2 variety. This may be associated with differences in grain structural characteristics, endosperm hardness, and the degree of development of internal cracks. Zareiforoush et al. (2014) also reported a relationship between moisture content, varietal characteristics, and milling quality.
Rapid moisture removal may have the opposite effect. During drying, rapid shrinkage of the outer grain layers can generate mechanical stresses in the inner layers. Buggenhout et al. (2013) noted that such internal structural damage may increase grain breakage during subsequent mechanical processing.
Rapid moisture removal can also increase the moisture gradient between the outer and inner layers of the grain. Therefore, drying at a relatively low temperature and with a controlled moisture removal rate is important for maintaining grain structural integrity.

3.5. Effect of equipment type
In abrasive polishing, the mechanical load on the grain increases due to the intensive removal of material from the grain surface. In friction-type equipment, material is removed more uniformly and gradually.
In the present study, the Nukus-2 variety processed using friction-type equipment demonstrated higher technological stability. At the fourth polishing stage, the proportion of broken grains in the conditioned sample was 5.9 %, while the rice yield was 61.5 %.
These results indicate that the use of friction-type equipment may be a promising approach for reducing mechanical damage and maintaining whole rice yield.

3.6. Technological differences between rice varieties
Differences between the Lazur and Nukus-2 varieties were observed at all polishing stages. In the conditioned samples, the proportion of broken grains ranged from 10.2–11.8 % for the Lazur variety and from 4.9–5.9 % for the Nukus-2 variety.
The difference was particularly pronounced at the fourth polishing stage, where the proportion of broken grains was 11.8 % for Lazur and 5.9 % for Nukus-2. Thus, under the experimental conditions, the Nukus-2 variety demonstrated greater resistance to mechanical loads.
Rice yield was also higher for the Nukus-2 variety. After the fourth polishing stage, the rice yield of the conditioned sample was 61.5 % for Nukus-2 and 57.5 % for Lazur, corresponding to a difference of 4.0 percentage points.

3.7. Changes in chemical composition during polishing
During polishing, the outer layers of the rice grain, including the bran and germ, are progressively removed. Since these layers contain relatively high levels of protein, fat, minerals, and dietary fiber, their proportions in the rice decrease as the degree of polishing increases.
Table 4: Changes in the chemical composition of rice depending on the degree of polishing
	Sample
	Protein (%)
	Fat (%)
	Starch (%)
	Ash (%)
	Fiber (%)

	Brown rice (unmilled)
	8.5–10.0
	1.5–2.0
	77.0–82.0
	1.3–1.7
	0.85–1.00

	1st polishing stage
	8.2–9.8
	1.4–1.8
	78.0–86.0
	1.2–1.4
	0.60–1.10

	2nd polishing stage
	7.9–8.7
	1.2–1.6
	80.0–87.5
	1.1–1.3
	0.50–1.05

	3rd polishing stage
	7.8–9.3
	1.0–1.1
	83.0–88.2
	0.98–1.12
	0.35–0.78

	4th polishing stage
	7.7–9.2
	0.65–0.85
	84.5–89.2
	0.70–0.95
	0.20–0.48

	Fully polished rice
	7.6–9.1
	0.45–0.55
	90.8
	0.50–0.70
	0.15–0.38



The table shows that as the degree of polishing increased, the contents of fat, ash, and dietary fiber decreased, whereas the relative proportion of starch increased. These changes can be explained by the increasing proportion of the starch-rich inner part of the rice endosperm.
3.8. General discussion of the results
The results indicate that rice processing efficiency is influenced not by a single factor, but by the combined effects of moisture condition, varietal characteristics, drying regime, and mechanical processing conditions.
As the polishing stage increased from the first to the fourth stage, the proportion of broken grains increased in both varieties. In the untreated Lazur samples, this value increased from 11.5 % to 13.0 %, while in the Nukus-2 variety it increased from 8.1 % to 9.8 %. Although the proportion of broken grains also increased with successive polishing stages in the conditioned samples, lower values were observed at all stages compared with the untreated samples. This indicates that moisture management improved the mechanical stability of the grains.
Rice yield generally showed a decreasing trend with increasing polishing intensity. However, some conditioned samples showed higher yields during the initial polishing stages. For example, in the Lazur variety, the rice yield of the conditioned sample was 60.0 % at the first stage and 61.7 % at the second stage, after which it decreased to 59.3 % and 57.5 % at the third and fourth stages, respectively.
A similar trend was observed for the Nukus-2 variety. The rice yield of the conditioned sample was 65.0 %, 63.7 %, 62.6 %, and 61.5 % at the first, second, third, and fourth polishing stages, respectively.
The greatest effect of moisture conditioning was observed in the Nukus-2 variety. At the fourth polishing stage, the proportion of broken grains decreased from 9.8 % to 5.9 %, corresponding to a relative reduction of 39.8 %.
Thus, controlling moisture before processing, limiting the drying rate, and optimizing the intensity of mechanical processing can be considered important technological approaches for improving rice processing efficiency.

4. Conclusions
The study evaluated the effects of pre-processing moisture condition, moisture conditioning, controlled drying, polishing stages, and mechanical processing conditions on grain breakage and rice yield in the Lazur and Nukus-2 rice varieties.
Adjusting the moisture content to 13–14 % before processing and drying high-moisture samples at 30–35 °C with a moisture removal rate not exceeding 1 %/h contributed to improved grain mechanical stability. In the Lazur variety, the proportion of broken grains in the untreated samples ranged from 11.5–13.0 %, whereas in the conditioned samples it ranged from 10.2–11.8 %. In the Nukus-2 variety, these values were 8.1–9.8 % and 4.9–5.9 %, respectively.
At the fourth polishing stage, the proportion of broken grains in the Lazur variety decreased from 13.0 % in the untreated sample to 11.8 % in the conditioned sample. This corresponds to a reduction of 1.2 percentage points or 9.2 %. At the same stage, rice yield increased from 54.0 % to 57.5 %.
For the Nukus-2 variety, the proportion of broken grains at the fourth stage decreased from 9.8 % to 5.9 %, corresponding to a reduction of 3.9 percentage points or 39.8 % relative to the untreated sample. At the same time, rice yield increased from 60.4 % to 61.5 %.
Increasing the polishing intensity from the first to the fourth stage increased grain breakage in both varieties. However, moisture conditioning reduced the proportion of broken grains at all polishing stages. The Nukus-2 variety demonstrated greater resistance to mechanical processing than the Lazur variety. At the fourth stage, the difference in rice yield between the conditioned samples of the two varieties was 4.0 percentage points.
The results demonstrate that controlling moisture before rice processing, limiting the drying rate, and appropriately selecting mechanical polishing conditions are important for reducing grain breakage and improving rice yield.
Further studies should quantitatively evaluate the independent and interactive effects of different moisture levels, drying temperatures, and drying rates using a full factorial experimental design and ANOVA.
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