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			Abstract | Ball milling technique that uses a rolling mill equipped with a steel ball to grind, blend, and refine various foods for different flavor, taste, and nutritional qualities. This method can be applied to a variety of food products including grains, vegetables, spices, fruits and nuts. The main objective of a circular feed mill is to obtain fine and uniform particle sizes, thus improving product quality. The aim of the study is to obtain the minimum particle size by controlling rotation time, spherical rotation speed, and feed rate. Food scientists and manufacturers can adjust conditions if they are used to produce specific characteristics, such as softness or more pronounced sweetness. In addition to studying one variable at a time, the response surface method is used to generate relative models of the independent and dependent variables. In conclusion, it is a promising technique for the food industry, providing an efficient and versatile way to improve the sensory properties and the value of nutritional foods.

		

		
			Received | January 17, 2024; Accepted | December 04, 2024; Published | December 26, 2024

			*Correspondence | Naveen Prasad Balakrishna Pillai Sankari, College of Engineering and Technology, Engineering Department, University of Technology and Applied Sciences, Salalah, Oman; Email: bsnaveenprasad@gmail.com 

			Citation | Selvaraju, S., N.B.P.B. Sankari, H.K.M. Al-Shukaili, M.A. Al-Mashikhi and S.S.S.S.B. Jamil. 2024. Response surface modelling and analysis for ball milling of coriander seeds. Pakistan Journal of Agricultural Research, 37(4): 384-392.

			DOI | https://dx.doi.org/10.17582/journal.pjar/2024/37.4.384.392

			Keywords | Milling time, Particle size, Rotational speed, Ball mill, Coriander seeds, Response surface method

			[image: ]

			Copyright:  2024 by the authors. Licensee ResearchersLinks Ltd, England, UK.

			This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

		

		
			Introduction

			Food production plays an important role in preservation of perishables, food safety, reducing the risk of food borne diseases and mitigating food waste. It expedites and simplifies food production and accommodates the fast-paced lifestyles of modern consumers and also grows the nutritional value of some foods through preservation methods, which helps prevent nutritional deficiencies in populations Industries contribute significantly to economically by creating jobs, supporting agriculture, facilitating international trade by exporting fresh foods. Also, food processing provides fresh, complementary foods and flavours for various culinary ingredients and cultures change around the world It is important to select appropriate for growth and nutrient intake (Lamsal et al., 2019). 

			There are some advanced grinding techniques, such as cryogenic grinding, ultrasonic milling, and jet milling, especially in the perfume industry where valuable products can be high. For example, they include roasted coriander, chilli etc., in a larger chamber with 2 pin rotors without a strainer. The spice market still uses stones to grind ground mustard in a vinegar solution known as sour grapes. Commercial applications continue to employ this primitive yet highly effective method. Twelve hours are sufficient to grind one ton of grain using dozens of wheels in series, two of which have a diameter of 30 cm (Shin et al., 2013).

			A ball mill is used to produce foods that need to be ground to submicron size such as chocolate, cheese, almonds, and so on. Impact mills make it easy to change the texture of powdered foods. Frequently, spices are pulverized in these mills. Also, feldspar for pottery, coal, pigment and mining ore are all ground in a round mill. It can be made wet or dry, but it doesn’t need much speed when it’s fried. Rubber balls are used over wide areas, mixing with explosives (Shi and Xie, 2015).

			Ball milling is one of the promising methods for extracting flavor and nutrients from food ingredients. It is an industrial process to compact (reduce the size) of various materials, finding applications in many industries such as pharmaceutical, materials and food processing. Rotary drums or ball mills can be used industrially for particle reduction largely to fine powder production. It has been widely used in many applications such as size reduction, mixing and blending in various industries including food processing. One common method of reducing particulate matter is ball milling. It can be made by reducing the amount of sugar crystals, grinding rice flour, or processing it into ground spices. The quality and distribution of milled products with respect to particle size were assessed through an investigation into the effects of various milling parameters, including round size, speed, and duration (Gao et al., 2020). In recent years, researchers have undertaken an examination of the application of circular milling as a viable and effective method for replacing flavors and nutrients in plant-based products, including coriander seeds.

			The particle size of rice grains is strongly influenced by the quality of rice milled and its consumption. The physicochemical properties of ground grains of different sizes after milling and hammering were evaluated. These properties include moisture content, antioxidant activity, nutritional value and microstructural properties. During the spherical process, insoluble food fibers were converted into soluble food fibers in the roasted rice. As particle size decreased, porosity increased, porosity decreased, and incorporation into hydrophilic groups led to disruption of the cellulose structure, according to SEM, FTIR and X-ray diffraction revealed (Cao et al., 2021). 

			International culinary traditions make extensive use of the aromatic herb Coriandrum sativum. Citrusy, earthy, and subtly spicy in flavor and fragrance, the seed leaves of this plant are highly valued. Aside from their potential nutritional and health benefits, coriander seeds are also abundant in metabolites, antioxidants, and essential oils, which contribute to their flavour Maroufi et al. (2010) and tradition extraction methods, such as steam and chemical solvents, can be difficult to extract and preserve extract, volatile degradation products and oxidizing nutrients. As an alternative to circular spinning, which can result in splitting, this problem can be avoided by decreasing the quantity of seeds with negligible effect on their nutritional value and flavour (Chemat et al., 2020; Baig et al., 2023). 

			The response surface method is a statistical technique used to optimize and model complex systems. It is commonly employed in fields such as engineering, manufacturing, and design. It involves creating a mathematical model that relates the input variables of a system to its output response. Also, it helps determine the relationship between the factors and the response by conducting experiments and collecting data at different factor levels. This information is then used to optimize the performance of system. The technique uses a combination of experimental design, regression analysis, and graphical analysis to build the model. This model could be used to predict responses and identify optimal factor settings that maximize or minimize the desired outcome. It is particularly useful when the relationship between factors and responses is nonlinear or when there are interactions between factors. Researchers and engineers could efficiently explore the design space, reduce costs, and improve the performance of their systems by using response surface method (RSM).

			The literature review highlights the advantages and benefits of rolling balls for the food industry. Consumption accuracy and results can vary significantly depending on the feed type, milling parameters, and desired product properties (Gaikwad et al., 2023). Scholars are researching and refining circular grinding methods for food prevention to meet dynamic needs Since there is limited literature available on circular grinding of coriander seeds (Saxena et al., 2018), therefore this study explores the use of spherical milling to enhance flavor and nutritional value to subject coriander seeds to controlled mechanical forces that damage their cell structure, and release valuable compounds This method has a potential to enhance evaluating the nutritional value and overall sensory profile of products containing coriander. The objectives of this study were to determine the effect of feed rate, rotational speed and milling time on average particle size in the ball milling of coriander seeds using response surface method. 

			Materials and Methods

			Materials

			Raw material, coriander seeds, was purchased from the local market in Salalah, Oman. A ball mill from Armfield Solids Handling Studies (CEN-MKII) was used in this experiment.

			Ball milling of coriander seeds

			It is securely and evenly secured to the flat surface of the ball mill. A suitable quantity of grinding agent (alumina pellets) and coriander seeds (25, 50 and 75 g, respectively) were inserted into the mill in accordance with the mill’s design and the particular application. The control panel was then adjusted to the desired rotational speed of the mill (5, 7.5, 10 rpm). By sustaining the velocity below the critical speed, which is reached when the gravitational force opposes the centrifugal force on the ball, this mechanism effectively averts excessive wheel deterioration. The grinding process takes between ten and forty minutes. It started at the ball mill and made it work. As the mill rotates, the inner ball of alumina is raised by centrifugal force to a height on the rising side of the mill shaft.

			Upon reaching the uppermost region of the shell, the coriander seeds undergo a pulverizing and startling operation. Consequences of repeated collisions and friction between the alumina ball and the seed include the pulverizing and reduction in size of the seed particles. The operation of the mill was observed, encompassing the milling process’s advancement and the dimensions of the material that was processed. By adjusting the rotational speed, the desired particulate size was achieved. Samples of the material were collected every ten minutes in order to assess particle size and quality. Ball mill was halted when grinding was finished or the specified particle size was achieved.

			RSM model for ball milling of coriander seeds using BBD

			The RSM was employed in the present study due to its efficiency in reducing the number of experiments, thereby minimizing errors. Design-expert 13.0.4.0 (64-bit) was used to perform RSM design. In the experimental design, effect of ball milling on coriander seeds was investigated under different conditions of mass of feed, speed of mill, and time of milling as independent variables and particle size as a dependent variable. The choice of box-behnken design (BBD) based on response surface method was opted in this study. Furthermore, BBD was selected to reduce the number of levels to three for each factor, as opposed to other RSM designs require five levels. This approach streamlines the experimentation process while still allowing to obtain valuable insights and optimize the variables effectively. The BBD requires a total number of trials equal to 2f(f-1) + CP, where CP represents the number of centre points, and f is the number of independent variables. In the case of BBD for three independent variables with three centre points, it necessitates a total of 15 experiments. The advantage of BBD is that it enables the simultaneous alteration of three variables. This approach allows for the examination of how interactions between these variables affect the outcomes, providing valuable insights into the relationship between the independent and dependent variables. The coded values are determined using Equation 1.

			yc = (ya-y)/∆y)    ….(1)

			Where, ya is the actual value, yc is the coded value, y is the mean value and ∆y is the difference between any two values of independent variables. Equation 2 provides an overall quadratic expression that relates dependent and independent components:

			Y = ao + a1A+ a2B + a3C + a4A.B + a5C.B + a6A.C + a7A2 + a8B2 + a9C2    …(2)

			Where; Y is particle size after milling, A is mass of feed, B is rotational speed of ball mill, and C is the time of milling, a0 is intercept, a1, a2 and a3 are linear coefficients for mass of feed, rotational speed of ball mill and time of milling, respectively, a4, a5 and a6 are interactive coefficient between mass of feed, rotational speed of ball mill and time of milling, and a7, a8 and a9 are quadratic coefficients for mass of feed, rotational speed of ball mill and time of milling, respectively. The principle of least squares (PLS) states that the sum of the squares of the residue is zero. If Equation 2 is modelled as a matrix, then it is represented in Equation 3 as follows:

			AX = B   ….(3)

			Since number of experiments (15) exceeds number of unknowns (10) in Equation 2, according to the PLS, the coefficient matrix is given in Equation 4 as:

			X=(AT.A)-1.(AT.B)   …(4)

			Where; A represents input matrix, X is coefficient matrix, and B represents output matrix. Equation 4 was utilized to determine the coefficient matrix X. The model terms were assessed for statistical significance using p-value, which should be less than 0.05. The goodness of fit of the model is revealed from the determination coefficient. Three-dimensional surface plots were used to examine the interaction between the numerical independent variables on response variable (Gharibzadeh et al., 2016; Sharifi et al., 2019; Moghaddam et al., 2019; Li et al., 2019; Nam et al., 2018; Sivamani et al., 2022; Banerjee et al., 2023; Selvaraju et al., 2023).

			Results and Discussion

			Ball milling of coriander seeds

			Coriandrum sativum seeds are distinguished by their appearance and texture. Coriander seeds contain an oily, viscous substance. Hard and resistant to manual breaking. Typically, coriander seeds have a silky, fine exterior. Although some seeds have long, smooth spots or thin lines, they are not particularly noticeable. Coriander seeds have a distinct citrus aroma and a texture that is earthy and faintly sweet. It generates an aromatic, warm, and mildly spicy flavor with citrus undertones when crushed or ground. Aroma and flavor are imparted to breads, stews, curries, and soups with coriander seeds. The reduced energy required to ground coriander seeds in a round mill is attributed to their shape and texture.
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			Figure 1: Milling time effect on particle average size at different rotational speeds (5, 7.5 and 10 rpm) for 25 g feed.

			For 25 g of feed, Figure 1 illustrates the impact of milling time on the particle average size of coriander seeds milled at 5, 7.5, and 10 rpm. After ten minutes, the average particulate size decreases from two to 0.24 mm; after twenty minutes, the reduction to 0.19 mm is statistically significant. Subsequently, the particle size exhibits a near-constant value of 0.17 and 0.16 mm after 30 and 40 minutes, respectively, when 5 rpm is utilized. At 7.5 rpm, the particle average size decreases from 2 to 0.26 mm within 10 minutes, and further diminishes by 0.22 mm after 20 minutes. After thirty and forty minutes, the particulate size approaches a near-constant value of 0.21 and 0.2 mm, respectively. In a similar fashion, the average particulate size decreases from 2 to 0.28 mm within ten minutes, and further diminishes by 0.23 mm after twenty minutes at ten revolutions per minute. After thirty and forty minutes, the particulate size approaches a near-constant value of 0.22 and 0.21 mm, respectively. From the experimental findings, it was observed that the optimal rotational speed of a ball mill for pulverizing coriander seeds is 5 rpm for duration of 20 minutes (Barnwal et al., 2014; Aradwad et al., 2021). 

			The impact of milling time on the particle average size of coriander seeds at different rotational rates of 5, 7.5, and 10 revolutions per minute is illustrated in Figure 2 for a 50 g feed. Prior to milling, coriander seeds have a diameter of 2 mm. As a result, the mean particle size decreases from 2 to 0.25 mm within a duration of 10 minutes. Subsequently, the reduction reaches a significance level of 0.22 mm after 20 minutes. The particulate size approaches a state of near-constant variation at 0.21 and 0.2 mm, respectively, following 30 and 40 minutes of 5 rpm operation. At 7.5 revolutions per minute, the mean particulate size decreases from 2 to 0.26 mm within ten minutes, and further diminishes by 0.24 mm after twenty minutes. After thirty and forty minutes, the particulate size approaches a near-constant value of 0.22 and 0.21 mm, respectively. In a similar fashion, the mean particulate size decreases from 2 to 0.29 mm within a span of 10 minutes, with a further significant reduction of 0.26 mm occurring after 20 minutes. After 30 and 40 minutes at 10 revolutions per minute, the particle size approaches a near-constant value of 0.25 and 0.24 mm, alike. From the experimental findings, it was identified that the optimal rotational speed of a ball mill for pulverizing coriander seeds is 5 rpm for duration of 20 minutes (Barnwal et al., 2014; Aradwad et al., 2021). 
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			Figure 2: Milling time effect on particle average size of coriander seeds at various rotational speed (5, 7.5 and 10 rpm) for 50 g feed.
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			Figure 3: Milling time effect on particle average size at different rotational speeds (5, 7.5 and 10 rpm) for 75 g feed.

			The milling time impact on the particle average size of coriander seeds at different rotational rates of 5, 7.5, and 10 revolutions per minute is illustrated in Figure 3 for a 75 g feed. Prior to milling, coriander seeds have a diameter of 2 mm. Consequently, the mean particle size decreases from 2 to 0.24 mm within a duration of 10 minutes. Subsequently, the reduction reaches a significance level of 0.22 mm after 20 minutes. The particle size approaches a near-constant value of 0.2 mm each following 30 and 40 minutes of operation at 5 rpm. The average particle size decreases from 2 to 0.25 mm after 10 minutes at 7.5 revolutions per minute; after 20 minutes, the decrease in particle size to 0.23 mm is statistically significant. After thirty and forty minutes, the particulate size approaches a near-constant value of 0.21 and 0.2 mm, respectively. In a similar fashion, the mean particulate size decreases from 2 to 0.29 mm within a span of 10 minutes, with a further significant reduction of 0.26 mm occurring after 20 minutes. The particulate size approaches a state of near-constant variation at 0.24 and 0.23 mm, respectively, following 30 and 40 minutes of operation at 10 rpm. From the experimental findings, it can be deduced that the optimal rotational speed of a ball mill for pulverizing coriander seeds is 5 rpm for a duration of 20 minutes (Barnwal et al., 2014; Aradwad et al., 2021). Regarding the mass of the material, the minimum average particle size observed is 25 grams.

			RSM model for ball milling of coriander seeds using BBD 

			Table 1 shows the variables and levels used to mill Coriander sativum seeds. Table 2 shows the BBD matrix of 15 experiments for ball milling of Coriander sativum. All the experiments were performed in triplicate and the mean value was taken as a response. Then, the actual values from each experiment were substituted to the quadratic model, Equation 4, to calculate the coefficients. After fitting coefficients to Equations 4, 5 was obtained as follows:

			Y = 0.19 + 0.0025A + 0.012B - 0.0065C – 1.7 × 10-18A.B + 2 × 10-5 A.C + 1.39 × 10-19 B.C – 2.7 × 10-5A2 - 2.67 × 10-4 B2 + 8.3 × 10-5C2    ….(5)

			Table 1: Variables and levels used for ball milling of coriander sativum seeds.

			
				
					
					
					
					
					
					
				
				
					
							
							Variable

						
							
							Unit

						
							
							Symbol

						
							
							Levels

						
					

					
							
							Low (-1)

						
							
							Middle (0)

						
							
							High (+1)

						
					

					
							
							Mass of feed

						
							
							g

						
							
							A

						
							
							25

						
							
							50

						
							
							75

						
					

					
							
							Rotational speed of ball mill

						
							
							rpm

						
							
							B

						
							
							5

						
							
							7.5

						
							
							10

						
					

					
							
							Time of milling

						
							
							min

						
							
							C

						
							
							10

						
							
							20

						
							
							30

						
					

				
			

			In general, an increase in negative coefficient tends to decrease the response and vice versa. Similarly, a decline in positive coefficient tends to diminish the dependent factor and vice versa. Hence, in Equation 5, the signs of linear and quadratic terms involving mass of feed, rotational speed of ball mill, and time milling are in opposite signs. The linear terms of mass of feed and rotational speed are positive whereas time of milling is negative, meaning that particle size is directly proportional to mass of feed and rotational speed and has inverse effect on time of milling. The change in sign is observed only in interactive term involving time of milling. Hence, time of milling was found to be the significant factor followed by rotational speed and mass of feed (Zhang et al., 2021).

			Table 2: BBD matrix of 15 experiments for ball milling of C. sativum.

			
				
					
					
					
					
					
					
				
				
					
							
							Std

						
							
							Run

						
							
							Independent factors

						
							
							Response

						
					

					
							
							A: Mass of feed (g)

						
							
							B: Rotational speed of ball mill (rpm)

						
							
							C: Time of milling (min)

						
							
							Average particle size (mm)

						
					

					
							
							3

						
							
							1

						
							
							25

						
							
							5

						
							
							20

						
							
							0.19

						
					

					
							
							2

						
							
							2

						
							
							75

						
							
							10

						
							
							20

						
							
							0.26

						
					

					
							
							14

						
							
							3

						
							
							50

						
							
							7.5

						
							
							20

						
							
							0.24

						
					

					
							
							8

						
							
							4

						
							
							75

						
							
							7.5

						
							
							10

						
							
							0.25

						
					

					
							
							15

						
							
							5

						
							
							50

						
							
							7.5

						
							
							20

						
							
							0.24

						
					

					
							
							6

						
							
							6

						
							
							75

						
							
							7.5

						
							
							30

						
							
							0.21

						
					

					
							
							10

						
							
							7

						
							
							50

						
							
							5

						
							
							30

						
							
							0.21

						
					

					
							
							9

						
							
							8

						
							
							50

						
							
							10

						
							
							30

						
							
							0.25

						
					

					
							
							7

						
							
							9

						
							
							25

						
							
							7.5

						
							
							10

						
							
							0.27

						
					

					
							
							4

						
							
							10

						
							
							75

						
							
							5

						
							
							20

						
							
							0.22

						
					

					
							
							12

						
							
							11

						
							
							50

						
							
							5

						
							
							10

						
							
							0.25

						
					

					
							
							13

						
							
							12

						
							
							50

						
							
							7.5

						
							
							20

						
							
							0.25

						
					

					
							
							11

						
							
							13

						
							
							50

						
							
							10

						
							
							10

						
							
							0.29

						
					

					
							
							1

						
							
							14

						
							
							25

						
							
							10

						
							
							20

						
							
							0.23

						
					

					
							
							5

						
							
							15

						
							
							25

						
							
							7.5

						
							
							30

						
							
							0.21

						
					

				
			

			Table 3: ANOVA for developed quadratic model for ball milling of C. sativum.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Sum of squares

						
							
							df

						
							
							Mean square

						
							
							F value

						
							
							p value

						
							
					

					
							
							Model

						
							
							0.0089

						
							
							9

						
							
							0.0010

						
							
							5.41

						
							
							0.0388

						
							
							Significant

						
					

					
							
							A

						
							
							0.0002

						
							
							1

						
							
							0.0002

						
							
							1.09

						
							
							0.3441

						
							
					

					
							
							B

						
							
							0.0032

						
							
							1

						
							
							0.0032

						
							
							17.45

						
							
							0.0087

						
							
					

					
							
							C

						
							
							0.0041

						
							
							1

						
							
							0.0041

						
							
							22.09

						
							
							0.0053

						
							
					

					
							
							AB

						
							
							0.0000

						
							
							1

						
							
							0.0000

						
							
							0.0000

						
							
							1.0000

						
							
					

					
							
							AC

						
							
							0.0001

						
							
							1

						
							
							0.0001

						
							
							0.5455

						
							
							0.4934

						
							
					

					
							
							BC

						
							
							0.0000

						
							
							1

						
							
							0.0000

						
							
							0.0000

						
							
							1.0000

						
							
					

					
							
							A²

						
							
							0.0010

						
							
							1

						
							
							0.0010

						
							
							5.59

						
							
							0.0643

						
							
					

					
							
							B²

						
							
							0.0000

						
							
							1

						
							
							0.0000

						
							
							0.0559

						
							
							0.8224

						
							
					

					
							
							C²

						
							
							0.0003

						
							
							1

						
							
							0.0003

						
							
							1.40

						
							
							0.2901

						
							
					

					
							
							Residual

						
							
							0.0009

						
							
							5

						
							
							0.0002

						
							
							
							
					

					
							
							Lack of fit

						
							
							0.0008

						
							
							3

						
							
							0.0003

						
							
							8.50

						
							
							0.1071

						
							
							Not-significant

						
					

					
							
							Pure error

						
							
							0.0001

						
							
							2

						
							
							0.0000

						
							
							
							
					

					
							
							Cor. total

						
							
							0.0098

						
							
							14

						
							
							
							
							
					

				
			

			Table 3 shows the ANOVA for developed quadratic model for ball milling of C. sativum. The developed model was significant with a F-value of 5.41 and a p-value of less than 0.05 with 95% confidence interval. Also, linear terms of rotational speed of ball mill and time of milling were significant with p-value of less than 0.05 and mass of feed is not significant with p-value of greater than 0.05. But, interactive terms involving mass of feed, rotational speed, and time of milling were insignificant with p-value, greater than 0.05. The same type of interactive pattern is followed for quadratic term also. This means that time of milling was found to be the significant factor followed by rotational speed and mass of feed, which is also confirmed from the ANOVA.

			[image: ]

			Figure 4: 3-D plots showing interactive effect between (a) mass of feed and rotational speed of milling, (b) mass of feed and time of milling, and (c) rotational speed and time of milling on average particle size of C. sativa seeds after ball milling.

			Figure 4a-c show the three-dimensional plots showing interactive effect between mass of feed and rotational speed of milling, mass of feed and time of milling, and rotational speed and time of milling on average particle size. At constant milling time of 20 min, the average particle size was 0.25, 0.22 and 0.21 mm at 25, 50 and 75 g of Coriander sativum seeds at 5 rpm of milling. The average particle size was 0.22, 0.24 and 0.23 mm at 25, 50 and 75 g of Coriander sativum seeds at 7.5 rpm of milling. The average particle size was 0.24, 0.26, and 0.25 mm at 25, 50 and 75 g of C. sativum seeds at 10 rpm of milling. At constant rotational speed of milling of 7.5 rpm, the average particle size was 0.26, 0.27 and 0.26 mm at 25, 50 and 75 g of C. sativum seeds at 10 min of milling. The average particle size was 0.22, 0.24 and 0.23 mm at 25, 50 and 75 g of C. sativum seeds at 20 min of milling. The average particle size was 0.2, 0.23, and 0.22 mm at 25, 50 and 75 g of C. sativum seeds at 30 min of milling. At constant mass of feed of 50 g, the average particle size was 0.25, 0.22 and 0.21 mm at 10, 20 and 30 min of C. sativum seeds at 5 rpm of milling. The average particle size was 0.27, 0.24 and 0.23 mm at 10, 20 and 30 min of C. sativum seeds at 7.5 rpm of milling. The average particle size was 0.29, 0.26 and 0.25 mm at 10, 20 and 30 min of C. sativum seeds at 10 rpm of milling (Özkaraaslan et al., 2023; Banza and Rutto, 2022).

			The determination coefficient (R2) of 0.91 reveals the agreement of experimental values with predicted values of average particle size with C. sativum as feed material. A minimum average particle size of 0.18 mm at mass of feed, rolling speed and time of milling of 25 g, 5 rpm and 29 min, respectively (Nayak et al., 2023; Shayo et al., 2024), which means that minimum average particle size was achieved at lower level of mass of feed and rotational speed and higher milling time (Figure 4). 

			The developed models were further validated by repeating experiments under optimum conditions in triplicate and the response were found to be within 5% standard deviation. Hence, the average particle size from milling of C. sativum seeds has good potential for application in food industries.

			Conclusions and Recommendations

			Current research focuses on the use of round milling to extract nutrients and improve flavor of coriander seeds. The study investigated the effect of ball milling capacity (25, 50 and 75 g), milling duration (10 to 40 min), rotational speed (5 to 10 rpm) Various values of 29 minutes, 5 revolutions per minute, and 25 g were preferred to produce particles with an average diameter of 0.18 mm Analysis of Santi reaction surface method showed that the most important factor is milling time, followed by rotary speed and input mass so it can be said that the round mill method is the machine a very effective reduction Coriander sativum seeds.

			Novelty Statement

			This study highlights the potential to improve nutritional value and sensory attributes by optimizing ball milling parameters to produce fine, consistent particle sizes in food items. It illustrates how effective and adaptable the method is for a range of food industry applications.
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Abstract | Ball milling technique that uses a rolling mill equipped with a steel ball to grind, blend, and refine
various foods for different flavor, taste, and nutritional qualities. This method can be applied to a variety of
food products including grains, vegetables, spices, fruits and nuts. The main objective of a circular feed mill
is to obtain fine and uniform particle sizes, thus improving product quality. The aim of the study is to obtain
the minimum particle size by controlling rotation time, spherical rotation speed, and feed rate. Food scientists
and manufacturers can adjust conditions if they are used to produce specific characteristics, such as softness
or more pronounced sweetness. In addition to studying one variable at a time, the response surface method is
used to generate relative models of the independent and dependent variables. In conclusion, it is a promising
technique for the food industry, providing an efficient and versatile way to improve the sensory properties
and the value of nutritional foods.
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Introduction

Food production plays an important role in
preservation of perishables, food safety, reducing
the risk of food borne diseases and mitigating food
waste. It expedites and simplifies food production and
accommodates the fast-paced lifestyles of modern
consumers and also grows the nutritional value of
some foods through preservation methods, which
helps prevent nutritional deficiencies in populations
Industries contribute significantly to economically

by creating jobs, supporting agriculture, facilitating
international trade by exporting fresh foods. Also,
food processing provides fresh, complementary foods
and flavours for various culinary ingredients and
cultures change around the world It is important
to select appropriate for growth and nutrient intake
(Lamsal e al.,2019).

There are some advanced grinding techniques, such as
cryogenic grinding, ultrasonic milling, and jet milling,
especially in the perfume industry where valuable
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