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Optimization of Pre-treatment Parameters for Better Dal Milling Efficiency in Pigeon Pea (Cajanus cajan)

Abstract
This study was conducted to take the pre-milling parameters in an optimum way in order to improve milling efficiency and dal recovery in pigeon pea (Cajanus cajan). Experiments were conducted using CFTRI dal mill to determine the influence of four important variables, namely pitting time, oil application rate, water application rate and tempering time on the milling performance. Results showed that the maximum milling efficiency (84%) and dal recovery (64%) occurred using the pitting time of 210 seconds, 2.0% oil application, 12% water application and 12 hours of tempering. Beyond these values, both parameters decreased as a result of the higher rate of grain breaking and ME waste. The results show that adequate control of pre-milling treatments has a significant impact on dal quality and yield, which could provide useful information in the realm of small-scale processors and sustainable pulse milling operations.
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1. Introduction
Pulses are the cheapest and richest source of protein, serving as a nutritional lifeline for India’s large vegetarian population. Apart from protein, they contain substantial quantities of minerals, vitamins, and crude fiber. Their amino acid composition complements cereals, making a mixed diet of cereals and pulses nutritionally superior to either alone. Pulses contribute about 27% of India’s dietary protein, second only to cereals (55%), with animal protein intake at only 18% (Gurusamy, S., Vidhya et al.  & 2022, Ali, 2003). the reference should be corrected
In addition to meeting human protein needs, pulses benefit soil health through atmospheric nitrogen fixation in their root systems, enabling plants to meet their nitrogen requirements and improving the fertility of subsequent cereal crops. By-products of pulse plants serve as excellent fuel and livestock feed, making pulses important for sustainable agriculture.
A ready-to-harvest crop is a source of joy for farmers, but losses after harvest can be disappointing. Pulses are particularly vulnerable to post-harvest damage, which affects their quality and marketability (FAO, 2024).
Pulses are mostly consumed as dehusked splits, known as dal. The husk is attached to the protein- and starch-bearing cotyledons, with bonding strength varying by crop. Pigeon pea, mungbean, and urdbean have a gum layer that tightly binds husk to cotyledons, making them difficult-to-mill pulses, while chickpea, pea, and lathyrus are easy-to-mill pulses (Hiregoudar et al., 2011).
Dehusking is the process of removing husk from cotyledons, while milling refers to dehusking followed by splitting, cleaning, polishing, and grading. Dehusking improves appearance, texture, palatability, and digestibility. Milling losses range from 10–15% depending on grain type, quality, process, and machinery (ICAR, 2024).
Pulse Milling Industry
Pulse milling is India’s third-largest food processing industry after rice and flour milling, with about 15,000 mills nationwide. Milling involves:
1. Loosening of husk through pre-milling treatments.
2. Removal of husk and splitting using suitable machines.
All pulses require pre-milling treatment, but methods vary by crop, variety, and region. Commercial-scale milling processes large quantities, with two main methods:
· Traditional method – similar to cottage-level treatment but on a larger scale.
· Modern CFTRI-developed method – weather-independent and more efficient.
While the milling sequence pre-milling treatment, conditioning, dehusking, and splitting is generally common, variations exist in operational details.
Milling Operations and Treatments
Basic unit operations include cleaning, grading, pitting, pre-milling treatment, milling, and polishing. Emery-coated rollers are widely used to scratch seed surfaces, allowing oil or water to penetrate the gum layer.
Common pre-milling treatments include:
· Water soaking
· Oil and water application
· Sodium bicarbonate solution
· Thermal treatment
Commercial mills typically use oil–water treatment, while household processing uses water soaking. About 80% of India’s pulse production is processed into dal, with the remaining 20% consumed as whole seeds or flour (Chacko et al., 2001; Mangaraj et al., 2005). Increasing population has reduced per capita availability of milled pulses.
India remains the world’s largest producer, consumer, and importer of pulses. Production in 2010–11 was 18.1 million tonnes (MT), increasing to 19.57 MT in 2013–14, with pigeon pea contributing 3.38 MT.
Milling Efficiency and Losses
Dal recovery rates range from 60–75%, with a maximum potential recovery of 88–89%. Losses include 5–15% broken and powder. Oil use varies from 150–500 g per quintal of grain, and water from 4–20 kg per 100 kg of grain. For complete husk removal, grains pass through emery rollers 3–8 times, but this increases breakage.
Factors influencing recovery include:
· Variety and agronomic conditions
· Seed size, maturity, and uniformity
· Conditioning effectiveness
· Machine parameters
Improved technologies can reduce losses to 8–10% (Chakravorty, 1993).

Pigeon Pea Milling
Pigeon pea (Cajanus cajan) is a major pulse crop, accounting for 20% of India’s pulse production and 90% of global output. It is an important protein source but difficult to mill due to its gummy husk–cotyledon bond. Two milling methods are used:
· Wet milling – produces poor-quality splits.
· Dry milling – preferred in the Indian subcontinent.
Dry Milling Process
1. Cleaned and graded grains are pitted.
2. Oil is applied to the grain surface.
3. Grains are tempered in bins for 12–24 hours.
4. Water is lightly sprinkled, followed by overnight storage.
5. Sun drying for 2–3 days.
6. Passing through emery rollers for husk removal.
These operations are repeated 2–4 times until >90% dehusking is achieved, producing Grade-II dal with rounded edges. Partially dehusked grains are re-treated with water, tempered, dried, and split to produce Grade-I dal, which has intact edges and higher market acceptability.
Losses in Pigeon Pea Milling
During dehulling, significant cotyledon material and germ are lost. Large-scale processing losses can be as high as:
· Powder: 5.5–6.1%
· Brokens: 9–24.6% (Rao 1980; Singh 1995)
Losses are influenced by the amount and quality of the gum layer, degree of roller abrasion, and pre-milling treatment effectiveness.
Loss Reduction Measures
· Optimize oil and water application rates.
· Limit roller passes to reduce breakage.
· Improve conditioning protocols for uniform husk loosening.
2. Material and Methods 
Moisture Content 
Moisture content of pigeon pea was determined by hot air oven method (Daheriya et al., 2022). Weighed sample (2g approx.) was placed in hot air oven preheated to the desired temperature. The samples were kept for130±10 C ??? for 1 hour in hot air oven. The bone dry samples were there after taken out from the oven and were placed in desiccators to ambient temperature and then the differences in weights were noted. The 25 moisture content thus determined was expressed in terms of wet basis or dry basis.

True Density
The true density values of pigeon pea at various moisture contents were determined by liquid of low specific gravity. 10g sample was introduced in the measuring cylinder and difference in the level of liquid was noted. Three replications were taken for each measurement and the mean was calculated by the following formula (Daheriya et al., 2022).

True Density= 
Angle of Repose Measurement
Instruments and apparatus used 
i) Funnel with stand: It was used for measuring angle of repose. Standard funnel was used with diameter 30 cm at top and 10cmat bottom with capacity of 1 kg. 
ii)  Inclined plane: It was used for measuring static coefficient of friction. It consisted of two wooden planes hang in gat the ends. Angle is marked at one side. GI, MS, wooden and glass surfaces were tested. 
Specifications: Range from 0 to 45°
The angle of repose is the angle between the base and the slope of the cone created by the vertical descent of granular material onto a horizontal surface. The angle of repose was determined by dumping the pigeon pea through a funnel over a smooth surface to create a consistent heap. The heap's height and diameter were determined using measuring tape. The angle of repose was determined using the following equation.
A𝐧𝐠𝐥𝐞 𝐨𝐟 𝐫𝐞𝐩𝐨𝐬𝐞 (𝐢𝐧 𝐝𝐞𝐠𝐫𝐞𝐞𝐬) = tan־1
Coefficient of static friction
Coefficient of static friction was computed by using inclined plane. Glass, wooden and metal sheet were place done by one on movable plane. Pigeon pea was then placed over the surface. The movable plane was then gradually lifted on to a position where by the grain had just started sliding down the plane. The plane was clamped at this position and angle of friction was measured. The same procedure was repeated thrice at various moisture contents. The coefficient of friction was determined by the following relation (Sahay and Singh, 2003):
C𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 𝒐𝒇 𝑭𝒓𝒊𝒄𝒕𝒊𝒐𝒏, = (𝝓)
Where, µ = Coefficient of static friction and =angle of static friction.
CFTRI Dal Mill
This mill developed at CFTRI can dehusk 100–105 kg of pre–treated pulses per hour. The mini dal mill consists of a dehusking and splitting unit, an as pirate or unit and is run by a1hp single phase electric motor. Bold pulses such as pigeon pea, chickpea, and soybean can be dehusked by this machine. (Singh, 2017).
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Fig1. Process Flow Chart of CFTRI Dal Mill
Milling Efficiency Calculations
The efficiency of milling will be maximum (100%) when all the Arhar pulses are dehusked and only Gota (dehusked but not splitted Arhar kernel) is obtained. The milling will be of inferior quality with reduction in Gota recovery (Merawi et al., 2021)
Formula for Milling Efficiency:




Where: 


 
 


Table 1. Independent Variables(Factors)
	S.No.
	Variable
	Unit
	Iterations

	1.
	PittingTime
	Second(s)
	150, 210, & 270.

	2.
	Oil Application Rate
	Percent(%)
	1.0, 2.0, & 3.0.

	3.
	Water Application Rate
	Percent(%)
	8, 12, & 16.

	4.
	TemperingTime
	Hour(s)
	8, 16, & 24.



Table 2. Dependent Variables (Responses)
	S.No.
	Variable
	Unit

	1.
	Milling Efficiency
	Percent (%)

	2.
	Brokens
	Percent (%)

	3.
	Dal Recovery
	Percent (%)

	4.
	Recovery of Hull
	Percent (%)



3. Results 
CFTRI dal milling machine was evaluated for its performance in terms of dal recovery and energy consumption. There are several mini dal mills available in Indian market. This machine is suitable for small farmers and entrepreneurs. It comes under semi-automatic category of mini dal mills.
	3.1 Effect of Pitting Time on Milling Efficiency ???

Fig. 2 Effect of Pitting Time on Milling Efficiency

The relationship between pitting time and milling efficiency which rises from more than 78% milling efficiency for 150 seconds pitting time and attains a maximum value of a little less than 84% at about 200 seconds of pitting time. There after milling efficiency starts diminishing with increase in pitting time. During the experiment, it was noticed that above 150 seconds of pitting time, the losses in terms of broken and mealy waste starts increasing, which results in decrease in milling efficiency, after 210 seconds of pitting time.
3.2 Effect of Pitting Time on Dal Recovery: ?????

[bookmark: _GoBack]Fig. 3. Effect of Pitting Time on Dal Recovery
As shown in Fig. 3, recovery increases from 62% dal recovery for 150 seconds of spitting time to a maximum value of 64% at approximately 210 seconds of pitting time. Then, as the pitting time increases, dal recovery decreases. During the experiment, it was discovered that beyond 150 seconds of pitting time, losses in broken percentage and mealy waste begin to increase, resulting in a drop in dal recovery.
 			3.3 Effect of Pitting Time on Hull Recovery ????

Fig. 4 Effect of Pitting Time on Recovery of Hulls

As shown in Fig. 4, during the experiment, it was found that increase in pitting time, in general serves to improve the dehulling of pulses. However, a larger value of pitting time, i.e. more than150 seconds produces severe scratching of hulls, hence resulting in slight decrease in hull content after 270 seconds of pitting time.
 3.4 Effect of Oil Application Rate on Milling Efficiency

Fig. 5. Effect of Oil Application Rate on Milling Efficiency
As shown in Fig. 5, during the experiment, it was found that above 2.0%of oil application rate, the losses in terms of broken percentage and mealy waste starts growing, which results in decrease in milling efficiency, after 2.0% of oil application rate.
3.5 Effect of Oil Application Rate on Dal Recovery:???

Fig. 6. Effect of Oil Application Rate on Dal Recovery.
The correlation between oil application rate and dal recovery begins at 62% at a 1.0% oil application rate and reaches a peak of somewhat over 64% at around a 2.0% oil application rate. Subsequently, dal recovery decreases as the oil application rate rises.
During the experiment, it was observed that beyond 2.0% of oil application rate, the losses in terms of broken percentage and mealy waste starts increasing, which results in decrease in dal recovery, after 2.0% of oil application rate. It is because it was observed that addition of more than 2% oil increases slippage between rubbing surface and pulse kernels due to which splitting mainly takes place due to increased pressure between cylinder and concave which causes increase in breakage due to increase in pressure between cylinder and concave assembly.
3.6 Effect of Oil Application Rate on Hull Recovery:

Fig.7 Effect of Oil Application Rate on Hull Recovery
The correlation between oil application rate and hull recovery which increases from a little above16% hulls for 1% of oil application rate and obtained maximum value of a little more than 20% at around 2.0% of oil rate. Thereafter, hulls recovery starts diminishing with rise in oil application rate after 3.0% oil application rate. During the experiment, it was found that increase in oil application rate, in general helps to improve the dehulling of pulses.
3.7 Effect of Water Application Rate on Milling Efficiency:

Figure 8. Effect of Water Application Rate on Milling Efficiency.
The relationship between water application rate and milling efficiency which increases from 78% milling efficiency for 8% water application rate and attains maximum value of a little less than 84% at about12% of water application rate. Thereafter milling efficiency starts decreasing with increase in water application rate.
During the experiment, it was observed that beyond 12% of water application rate, the losses in terms of broken percentage and mealy waste starts growing, which leads in decrease in milling efficiency, after 12% of water application rate.
3.8 Effect of Water Application Rate on Dal Recovery

Fig. 9. Effect of Water Application Rate on Dal Recovery
The correlation between water application rate and dal recovery followed a pattern of second order polynomial which rises from 62% dal recovery or 8% water application rate and attains a maximum value of a little more than 64% at about12% of water application rate. Thereafter dal recovery starts reducing with increase in water application rate16%. 
During the experiment, it was noticed that after 12% of water application rate the losses in terms of broken percentage and mealy waste starts increasing, which results in decrease in dal recovery, after 12% of water application rate.
3.9 Effect of Water Application Rate on Hull Recovery:

Fig 10. Effect of Water Application Rate on Hull Recovery
The correlation between water application rate and hull recovery which increases from a little above15% hulls for 8% of water application rate and obtained a maximum value of a more than 20% at about 12% of water application rate. 
During the experiment, it was found that increase in water application rate, in general helps to improve the dehulling of pulses. However, a higher value of water application rate, i.e. more than 12% produces significant scratching of hulls, there by resulting in slight decrease in hull content after 16% water application rate.

3.10 Effect of Tempering Time on Milling Efficiency:

Fig 11. Effect of Tempering Time Vs Milling Efficiency
As observed from the Fig.11 which increases from 78% milling efficiency for 8 hours tempering time and attains maximum value of a little less than 84% after about12 hours of tempering time. There after milling efficiency starts decreasing with increase in tempering time. 
During the experiment, it was noticed that beyond 12 hours of temper time, the losses in terms of brokens % and mealy waste continue to rise, which results in decrease in milling efficiency, after 24 hours of tempering time.
3.11 Effect of Tempering Time on Dal Recovery:

Fig 12 Effect of Tempering Time on Dal Recovery

As observed from the Fig.12, the correlation between tempering time and dal recovery which increases from 62% dal recovery for 8 hours tempering time and attains a maximum value of a little more than 64% at about 12 hours of tempering time. There, after dal recovery starts reducing with increase in tempering time. 
During the experiment, it was noticed that beyond 16 hours of tempering time, the losses in terms of broken percentage and mealy waste starts increasing, which leads in decrease in dal recovery, after 16 hours of tempering time.

3.12 Effect of Tempering Time on Hull Recovery: ?????

Fig. 13 Effect of Tempering Time on Hull Recovery.
As seen from the Fig.13, the relationship between tempering time and hull recovery followed a polynomial of second order polynomial which increases from a little above 16% hulls for 8 hours of tempering time and attained a maximum value of a little more than 20% at about 12 hours of tempering time.
During the experiment, it was found that increase in tempering time, in general helps to improve the dehulling of pulses. However, a higher value of tempering time, i.e. more than 16 hours causes severe scratching of hulls.
4. Conclusion
The milling efficiency and dal recovery attains their maximum values of 84% and 64% at 210 seconds of pitting time after 210 seconds milling efficiency and dal recovery starts decreasing. The hull recovery increased from 16 to 23%, as pitting time increases from 150 to 270 seconds, but grains gets damaged. The milling efficiency and dal recovery attains maximum values of 84% and 64% at 2.0% oil application rate, after 2.0% milling efficiency and dal recovery starts decreasing, after 2.0% oil application rate, quality taste and colour gets deteriorates. The milling efficiency and dal recovery attains maximum value at 12% water application rate after 12% milling efficiency and dal recovery starts decreasing. The milling efficiency and dal recovery attains maximum values at 12 hours of tempering time, after 12 hours of tempering time milling efficiency and dal recovery starts decreasing.
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