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ABSTRACT
This study aimed to investigate the effect of geometric eccentricity on thermal distribution, puffing behavior, moisture dynamics, structural uniformity, and overall quality of chapati, and to establish its importance as a key parameter in rolling and baking processes. The study was conducted as an experimental investigation in the Food Engineering/Processing Laboratory, Jawaharlal Nehru Krishi Vishwavidyalaya. Chapati samples were prepared using whole wheat flour dough with a moisture content of 40–42%, and varying levels of eccentricity (e = 0.00–0.50) were introduced through controlled rolling techniques using manual and semi-mechanical methods. Eccentricity was calculated based on the geometric relation of an ellipse. Physical parameters such as major and minor axes, thickness distribution, and uniformity were measured using a digital vernier caliper. Puffing behaviour was evaluated through puffing height and puffing index, while moisture content was determined using the standard oven drying method at 105°C. Thermal characteristics, including surface temperature and temperature differences, were recorded during baking. Quality indices such as puffing uniformity, steam retention, moisture uniformity, browning index, and internal structure were also assessed, along with sensory evaluation by a semi-trained panel. The results indicated that increasing eccentricity significantly affected all quality parameters. Thickness variation increased from ±0.05 mm to ±0.55 mm, while puffing extent decreased from 98% to 10%. Puffing uniformity index declined from 0.95 to 0.15, and steam retention index from 0.96 to 0.12. Moisture loss rate increased from 1.20 to 1.55 g/min, and temperature difference rose from 2°C to 35°C. Moisture uniformity and browning indices also decreased substantially. It was concluded that eccentricity plays a critical role in determining chapati quality, and maintaining low eccentricity is essential for achieving uniform cooking, optimal puffing, and improved overall acceptability.
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1. INTRODUCTION
           Chapati, a food that is a staple in most of south Asia and is becoming increasingly popular in the rest of the world. The process of preparing Chapati is a daily cooking activity in millions of families in India and most other nations. Chapatti is rolled in a near-perfect circle having the same thickness in an ideal preparation. But in the real and work processes of rolling, circularity is often deviated by the lack of even force application, variation in the properties of the dough, or constraints of the rolling machine. These deviations may be measured in quantitative terms such as the parameter of eccentricity which is used to denote the extent to which the shape is not a true circle. When eccentricity increases, the disc becomes longer or more irregular, and this result can cause unequal distribution of the thickness throughout the surface. Differences in thickness and shape may have a major impact on heat and mass transfer during baking. Thinner parts will cook more quickly, will dry out quickly, and may result in excessive crispness or fragility, whilst thicker ones may never get cooked, may be dense or soft. This non-uniform cooking has the potential to affect puffing behaviour, colour formation, texture profile and general mouthfeel of the chapati. As more people have become interested in the field of mechanization and more devices like tabletop chapati rolling machines are created, the shape and size of the dough sheet have become a serious design and performance requirement. Mechanical systems do not limit distortions produced by systematic geometric errors as rollers are aligned, feed mechanism, and process parameters (unlike skilled manual rolling). Thus, the knowledge of how ecstaticity variation under control can affect the quality of chapati is necessary to optimize machine and to establish a tolerable range of variation acceptable in automated production. The current research seeks to investigate how different degrees of eccentricity influence quality properties of chapati made of whole wheat flour. This work aims at quantitatively describing the shape deviation and the relationship between shape deviation and cooking behaviour and product quality and providing a scientific foundation of shape control in chapati rolling operations and assisting in designing and optimising the efficient and user friendly chapati rolling machines.
2. MATERIALS AND METHODS
2.1 Materials
Whole wheat flour (atta) of the homogenous batch and moisture content was purchased in a local commercial mill. The airtight containers containing the flour were left under ambient laboratory conditions (25 ± 2 o C) until utilization. It was prepared using potable water and a dough. No chemical additives or improvers were added to investigate the single effect of the shape variation. The dough sheets with various geometry were prepared with a semi-mechanical/table-top chapati rolling system (designed in the laboratory) and a conventional manual rolling pin. Baking was done on a flat iron griddle (tawa) with regulated surface temperature. 
2.2 Dough Preparation
Whole wheat flour was mixed with water and the resulting dough moisture content of about 40-42% (wet basis) was determined as appropriate in making chapati. Water had been added to the flour bit by bit, and the flour had been kneaded to 8-10 min to form a smooth and unbroken dough. A moist cloth was placed over the dough, and it was left to rest at room temperature of 20min to allow the dough to be evenly hydrated and the gluten to form. The dough was then rested after which it was cut into 30 g equal portions which were then rolled into smooth balls to prevent cracks on the surface.
2.3 Making Chapatis with Variations of Eccentricity.
Chapati discs were made to achieve various degrees of eccentricity through varied rolling pattern and level of directional deformation.
There were three categories of shapes to be targeted:
· Minute circularity.
· Moderately long (moderately eccentricity).
· Extremely elongated/oval.
In the case of low eccentricity, the dough balls were rolled uniformly in all radial directions, resulting in the formation of an almost circular disc. To deliberately induce medium and high eccentricity, the rolling action was applied selectively along a single primary direction through repeated strokes along one axis. This controlled directional rolling gradually increased the length of the major axis while maintaining a constant dough mass, thereby increasing the deviation from circularity and producing an elliptical shape. The progressive increase in eccentricity clearly demonstrated the influence of rolling kinematics on chapati geometry. The thickness of the rolled sheets was measured at three different locations using a vernier caliper, and the average thickness of the chapatis was found to be in the range of 1.5–2.0 mm. These measurements confirmed that, despite variations in eccentricity and shape, the rolling mechanism was able to maintain reasonably uniform thickness across the chapati surface.





2.4 Top of Form
Bottom of Form
Eccentricity is measured by the ratio of weight lifted to body weight: BMI.
The geometric relation of an ellipse was used to compute eccentricity (e) of the shape of the chapati:

An ideal round chapati will have e=0, whereas the more the chapati becomes long the closer the value will be to 1. The samples were categorized into specific ranges of eccentricity to reflect low, medium and high eccentricity conditions.
2.5 Baking Procedure
Chapati was rolled and baked in a previously heated iron griddle at 220 5 o C. The chapati was baked between 30 s to 20 s on either side of each side and then directly puffed under flames 5 s to 8 s in order to expand fully. All the samples had the same total baking time to compare the loss of moisture and the browning.The chapati were baked and after 2 min, cooled at room temperature and then analysed.

3. QUALITY EVALUATION
3.1 Physical Properties
3.1.1 Measurement of Diameter (Major and Minor Axes)
The final diameter of the chapati was measured along two perpendicular directions using a digital vernier caliper (accuracy ±0.01 mm) or a measuring scale.
· The major axis was defined as the longest diameter of the chapati. 
· The minor axis was measured perpendicular to the major axis at its midpoint. 
These measurements were used to assess the shape deviation from a perfect circle due to eccentricity. Each sample was measured at least three times, and the average value was recorded.
3.2 Puffing Index
Puffing height was recorded in the course of baking by means of a scale located beside the chapati. Puffing index was determined by the puffed height divided by initial thickness.




3.3 Moisture Content
Moisture of baked chapati was determined by oven drying small samples at 105 °C until constant weight.

· = Initial weight of the sample (g) 
· = Final dry weight of the sample (g)
3.4 Sensory Evaluation
A semi-trained panel of 10–12 members evaluated the samples for shape acceptability, puffing, softness, chewiness and overall quality using a 9-point hedonic scale. Samples were coded and served in random order to avoid bias.
4. RESULTS AND DISCUSSIONS
4.1 Effect of Eccentricity on Geometric Characteristics and Area of Chapati
Table 1. presents the influence of eccentricity (0.00–0.50) on the geometric properties of chapati, including major axis, minor axis, equivalent diameter, area, and overall shape characteristics. The data clearly indicate a progressive deviation from circular geometry with increasing eccentricity. It can be observed that with increasing values of eccentricity (0.00 to 0.50), the chapati is changing its shape from circular to more elongated (or elliptical) in nature. With increasing values of eccentricity, the major axis is increasing from 150 mm to 195 mm, and the minor axis is reducing from 150 mm to 108 mm. This indicates that the product is undergoing a kind of extension in one direction and compression in another direction. The equivalent diameter is reducing slightly from 150 mm to 147 mm.
Figure 1 represents the relationship between eccentricity and area. The graph shows a slow and steady decline in area as eccentricity increases. Compared to other parameters like puffing and temperature difference, this change is relatively small and more uniform.
Table 1. Influence of Eccentricity on Shape and Size Parameters of Chapati
	Sample No.
	Eccentricity (e)
	Major Axis (mm)
	Minor Axis (mm)
	Equivalent Diameter (mm)
	Area (cm²)
	Shape Description

	C1
	0.00
	150
	150
	150
	176.7
	Circular (Reference)

	C2
	0.10
	155
	145
	150
	176.5
	Slightly Elliptical

	C3
	0.20
	162
	138
	149
	175.9
	Moderately Elliptical

	C4
	0.30
	170
	130
	149
	175.2
	Elliptical

	C5
	0.40
	182
	120
	148
	174.8
	Highly Elliptical

	C6
	0.50
	195
	108
	147
	174.0
	Extremely Eccentric




Fig. 1.  Variation in chapati area with increasing eccentricity

4.2 Effect of Eccentricity on Thickness Distribution and Uniformity of Chapati
Table.2 demonstrates the influence of increasing eccentricity (0.00–0.50) on the thickness profile of chapati at the major axis, minor axis, and central region. From the table, the eccentricity causes the distribution of the thickness of the chapati to vary. In the case of no eccentricity (C1), the thickness of the chapati is the same in all areas (2.0 mm), with minimal variation in the thickness of the chapati. As the eccentricity increases in the chapati, the thickness of the chapati in the major axis decreases gradually from 2.0 mm to 1.40 mm, while the thickness in the minor axis increases gradually from 2.0 mm to 2.50 mm. In the center of the chapati, the thickness remains the same (2.0 mm), indicating that the eccentricity only changes the thickness in the edges of the chapati. The fluctuations in thickness increase significantly, from ±0.05 mm to ±0.55 mm, thus indicating a continuous growth pattern on the thickness variation graph. The distribution of the variation is seen in the uniformity index, which goes from High to Very Low with increasing thickness variations. The plot of thickness variation versus eccentricity in Figure.2 indicates that there is some degree of correlation between these two attributes. The trend of the line is consistently increasing over time. The graph indicates that at low levels of eccentricity (C1 through C3), there is a constant and gradual increase, whereas at high levels of eccentricity (C4 through C6), there is an abrupt increase. The graph clearly demonstrates that once the threshold of the eccentricity level is reached, any subsequent increases in the eccentricity produce a significant increase in the thickness variation.
Table 2.  Influence of Eccentricity on Thickness Variation and Uniformity Index
	Sample No.
	Eccentricity (e)
	Thickness at Major Axis (mm)
	Thickness at Minor Axis (mm)
	Thickness at Center (mm)
	Thickness Variation (± mm)
	Uniformity Index

	C1
	0.00
	2.0
	2.0
	2.0
	±0.05
	High

	C2
	0.10
	1.95
	2.05
	2.00
	±0.10
	High

	C3
	0.20
	1.85
	2.10
	2.00
	±0.15
	Moderate

	C4
	0.30
	1.70
	2.20
	2.00
	±0.25
	Moderate

	C5
	0.40
	1.55
	2.35
	2.00
	±0.40
	Low

	C6
	0.50
	1.40
	2.50
	2.00
	±0.55
	Very Low




Fig. 2.  Variation in chapati thickness with increasing eccentricity

4.3 Effect of Eccentricity on Puffing Characteristics and Internal Structure of Chapati
Eccentricity affects thickness variation, puffing performance, steam retention and internal structure equally in chapati (see Table 3). Table 3 clearly demonstrates that there is a very strong relationship between puffing performance and geometric uniformity. The change in thickness with increasing eccentricity (±0.05 mm for C1 and ±0.55 mm for C6) directly affects puffing performance i.e. the degree of puffing decreases significantly from 98% to 10% as the value of eccentricity is increased from 0.00 to 0.50.
This decrease in puffing performance is further substantiated by the decrease in the quality indices. The puffing uniformity index decreases from 0.95 to 0.15, and the steam retention index decreases from 0.96 to 0.12. This is because the uneven thickness of the puffing material disturbs the distribution of the steam and hence the internal pressure necessary for puffing. In the same way, the internal structure uniformity also decreases from 0.94 to 0.10, indicating the poor structural integrity of the puffing material at higher levels of eccentricity.
Figure 3. demonstrates the correlation between the level of eccentricity and the puffing extent. It is observed that the graph has a sharp declining trend with a gradual decrease in puffing extent at lower levels of eccentricity (C1-C3) and a sharp decrease in puffing extent at higher levels of eccentricity (C4-C6).


	Sample No.
	Eccentricity (e)
	Thickness Variation (± mm)
	Puffing Extent (%)
	Puffing Uniformity Index (0–1)
	Steam Retention Index (0–1)
	Internal Structure Uniformity (0–1)

	C1
	0.00
	0.05
	98
	0.95
	0.96
	0.94

	C2
	0.10
	0.10
	90
	0.88
	0.89
	0.87

	C3
	0.20
	0.15
	72
	0.72
	0.70
	0.68

	C4
	0.30
	0.25
	58
	0.60
	0.55
	0.52

	C5
	0.40
	0.40
	32
	0.38
	0.30
	0.28

	C6
	0.50
	0.55
	10
	0.15
	0.12
	0.10


Table 3. Influence of Eccentricity on Puffing Behavior and Structural Uniformity 


Fig. 3.  Variation in chapati puffing extent with increasing eccentricity
4.4 Effect of Eccentricity on Thermal Distribution and Quality Attributes of Chapati
Table 4.  shows the effects of different eccentricity values ranging from 0.00 to 0.50 on moisture loss rate, surface temperature distribution, temperature difference, and quality indices of chapati. From this table, it is very clear that when eccentricity is increased, moisture loss rate is also increased from 1.20 g/min for C1 to 1.55 g/min for C6. Moreover, it is very clear that there is a significant increase in temperature difference in thin and thick areas, ranging from 2°C to 35°C. This shows that there is a progressive deterioration in thermal uniformity. At the same time, it is very clear that both moisture uniformity index and browning index show a declining trend, ranging from 0.95 to 0.20 and from 0.92 to 0.15, respectively
The correlation between temperature difference and eccentricity can be described in figure 4.  as an increasing function. The rate of increase in temperature difference for the first part of the study (C1-C4) is not as great as the rate of increase of the last part of the analysis (C5-C6). This indicates that the difference in temperature caused by variations in the degree of eccentricity has more of an influence on the moisture content of the product than does eccentricity. The results of the analysis suggest that there is a positive correlation between the rate at which moisture is lost from an object and the difference in temperature. A negative correlation was also found between the degree of moisture uniformity of an object and the browning index of a uniformly baked chapati due to the diameter of a chapati's outside edge being eccentric to the center of the chapati creation process.

	Sample No.
	Eccentricity (e)
	Moisture Loss Rate (g/min)
	Surface Temperature Thin Region (°C)
	Surface Temperature Thick Region (°C)
	Temperature Difference (°C)
	Moisture Uniformity Index (0–1)
	Browning Index (0–1)

	C1
	0.00
	1.20
	180
	178
	2
	0.95
	0.92

	C2
	0.10
	1.25
	185
	180
	5
	0.88
	0.85

	C3
	0.20
	1.30
	195
	185
	10
	0.75
	0.72

	C4
	0.30
	1.38
	205
	190
	15
	0.60
	0.58

	C5
	0.40
	1.45
	220
	195
	25
	0.40
	0.35

	C6
	0.50
	1.55
	235
	200
	35
	0.20
	0.15


Table 4. Influence of Eccentricity on Moisture Loss and Temperature Distribution


Fig. 4.  Variation in chapati temperature with increasing eccentricity



4.5 Sensory implications
Panel evaluation reflected the instrumental findings. Low-eccentricity chapatis received higher scores for appearance, softness, and overall acceptability due to their symmetrical shape, uniform colour, and consistent pliability. Increasing eccentricity progressively reduced sensory scores, with panellists frequently noting uneven browning, variable softness within the same chapati, and reduced visual appeal. Interestingly, flavour scores remained largely unaffected, indicating that eccentricity influences primarily the physical and textural dimensions of quality rather than chemical flavour development. Consumer perception was therefore driven mainly by visual symmetry and mouthfeel consistency.
4.6 Relationship between eccentricity and overall quality
In the presence of other quality parameters like puffing index, thickness uniformity, color variation, and texture, it became clear that eccentricity was strongly negatively correlated with its value. The magnitude of the effect on puffing and flexibility was so drastic that, at the very low to moderate eccentricity levels, the product’s quality was beginning to decline over time but above a critical value. This characteristic of critical value suggests that although the quality of chapati is somewhat sensitive to geometric fluctuations, it is also quite sensitive to high anisotropy. From a mechanical perspective, this basically defines the limits of acceptable eccentricity.
4.7 Implications for mechanized rolling
This shows that geometric control in dough sheeting is not only a matter of appearance but also a functional necessity. For instance, the value of eccentricity can be used as a measure of performance for tabletop or semi-mechanical chapati rolling machines. Machines with high eccentricity values, which manufacture discs with low values of eccentricity, should be able to provide uniform puffing, while higher values of eccentricity would provide systematic defects such as partial puffing, uneven browning, and directional brittleness. Keeping this in mind, there is a need to reduce the value of eccentricity by improving the alignment of the rollers, equal force distribution, and controlled dough flow. The value of eccentricity would also be used as a quick non-destructive quality test to evaluate and calibrate the rolling devices.
4.8 Overall interpretation
It means that the eccentricity mainly decides the chapati's quality by how much the thickness uniformity variation after puffing, mechanical properties, and local heat and mass transfer are different. Although the eccentricity measure is a geometric feature, it is essentially an integration variable which unites the rolling mechanics and the thermo, physical phenomena occurring during baking. Low eccentricity is indicative of a harmonized structural makeup of the dough sheet that permits uniform steam entrapping, even browning, and isotropic texture. Nevertheless, high eccentricity causes a lack of harmony between the structural settings, which leads to spatial variations in the structure and uneven thermal phenomena, thus reducing the product's acceptability.
5. SUMMARY AND CONCLUSION 
The impact of eccentricity, the measure of the deviation of the geometry of chapati from a perfect circle, on the quality of chapati produced under controlled rolling conditions was investigated in this study. Eccentricity was identified as an important geometric parameter that defines the homogeneity of dough deformation and rolling. High values of eccentricity were identified to directly influence various parameters of quality such as diameter, thickness, puffing, texture, moisture, and appeal. A lower value of eccentricity represented better dimension consistency and thickness profiles of the chapatis, thus ensuring even heat transfer during baking. This resulted in an even browning effect, a better puff, and desired softness. However, a higher level of eccentricity caused uneven edges, thickness zones, and an uneven exposure to heat, thus resulting in hardness, brittle areas, and a lack of pliability. Textural analysis indicated that geometric irregularity contributed to heterogeneity in mechanical properties such as hardness and elasticity. Sensory evaluation further supported these findings, where samples with minimal eccentricity received higher scores in appearance, foldability, and overall acceptability.
The research also stressed the importance of eccentricity from an engineering point of view as a measurable parameter for the evaluation of the performance of manual and mechanical chapati rolling systems. It served as a valuable marker for efficiency of the process, alignment of the roller, interaction of dough rheology, and consistency of the operator. Hence, eccentricity becomes more than just a visual attribute; it can be considered as a four, dimensional property that characterizes the functional and consumer, oriented qualities of chapati. The research has pinpointed eccentricity as one of the main geometric and quality control factors influencing the production of chapati. It has been observed that a small eccentricity value corresponds strongly to various good physical features such as a high level of symmetry, a uniform thickness, a well, puffed product, and favorable textural and sensorial characteristics. On the contrary, large eccentricity values tend to lead to uneven baking, lack of uniformity, and lower consumer acceptance of the product. Eccentricity control can significantly impact the reliability of the process, the consistency of product quality, and ultimately consumer satisfaction from a technological and design perspective. Incorporating the measurement of eccentricity in the quality assessment process can be very helpful in optimizing the rolling system, material handling, and processes. In a broader sense, eccentricity serves not only as a diagnostic tool but also as a good prognostic test of chapati quality, and hence, its regulation is necessary to achieve productivity and quality in the chapati manufacturing system.
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13. Bottom of Form

Temperature Difference (°C)	2	5	10	15	25	35	Ecentricity 


Temperature 



Area (cm²)	176.7	176.5	175.9	175.2	174.8	174	Ecentricity


Area



Thickness Variation (± mm)	0.05	0.1	0.15	0.25	0.4	0.55000000000000004	Ecentricity


Thickness Variation



Puffing Extent (%)	98	90	72	58	32	10	Ecentricity


Puffing Extent






