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Abstract- Kalmegh (Andrographis paniculate) is rich in nutrients and has great anti-diabetic properties used in India since ancient 

times. Various medicinal herbs have been used in Indian kitchens to make a variety of traditional snack foods.  One of them is 

mathri, the Indian traditional snack, which is commonly made by using refined wheat flour.  In this study, traditional mathri has 

been modified by using the kalmegh to enhance their nutritional values. The present study was undertaken with the following 

objectives: (1) Formulation of mathri by incorporation of different levels of kalmegh (1%, 2%, and 3%) through baking and frying 

methods (2) to optimize the kalmegh-based mathri by sensory evaluation using 9-point Hedonic scale method, (3) evaluation of 

the mineral composition. The observations found that different levels of kalmegh used in mathri showed significant effects on the 

sensory attributes. Samples of 1% kalmegh-based baked and fried mathri were highly acceptable and were optimized. Sample 

MKB2 has the highest sodium content (112.71 ppm) while MKF2 has the highest in calcium (96.84 ppm). Iron content found in 

MKB2 and MKF2 were 2.04 ppm and 0.92 ppm, respectively. From the above results, it can be concluded that Kalmegh-based 

snacks would be one of the good options for diabetics, which they can include in their daily life. 

Index Terms - Andrographolide, kalmegh, mathri, baking and frying, sensory 

I. INTRODUCTION 

Several types of traditional snack food have been consumed by people since ancient time in India, one of them is mathri the 

popular Indian snack [5], which is traditionally prepared by some basic ingredient such as refined wheat flour, salt, spices, and 

condiments, shortening agents, and oil for frying [13]. But now a days consumers are not limited to taste only, they also more 

inclined to health and nutrition aspect. The medicinal herbs play a major role on it. The incorporation of these health ingredients 

in traditional snack, fulfill the health requirements by making them healthy as well as tasty. 

Since early time, medicinal plants have been used as holistic approach for different health issues to target various metabolic and 

endocrinological disorders [2]. People are suffering from various types of metabolic disorders such as diabetes mellitus. It is one 

of the major health issues in worldwide, that creates serious problems in human body. Some medicinal plants have hypoglycemic 

properties that are not only used for healing purposes in diabetes but, also used as an important ingredient in Indian kitchen to 

enhance the taste also. Nutritional values of traditional snack can be increased by incorporation of different types of medicinal 

herbs. Various researchers have been studied on different medicinal herbs incorporated mathri [5,10, 12, 13]. 

 Kalmegh (Andrographis paniculata) is also known as “King of bitters” [8], belongs to the Acanthaceae family [3]. It is used as 

folk medicine for the treatment of diabetes and hypertension [7]. Therefore, the current study has been undertaken the following 

objectives: 

 

1. To develop the mathri (traditional Indian snack) by incorporating different levels of kalmegh through two 

different cooking methods (baking and frying). 

2. To optimize the kalmegh contained final products by using nine- point Hedonic scale method.  

3. To estimate the mineral composition in optimized samples are also part of this study.  

 

II. MATERIALS AND METHODS 

2.1  Raw materials used for preparation of mathri:  

All raw materials such as refined wheat flour, shortening agent, ajwain, common salt, and refined oil were procured from local 

market of Jabalpur while dry leaves of kalmegh were procured from Jawaharlal Nehru Krishi Vishwavidyalaya, Jabalpur (M.P.). 

Kalmegh dried leave powder were taken as 1%, 2% and 3% level, while other ingredients were taken in fixed proportions. The 

samples of mathri were prepared according to following formulation (Table-1a and 1b) by two cooking methods (frying and 

baking). Here, coding of samples of 1, 2, 3 and 4 instance for 0%, 1%, 2% and 3% kalmegh for baking and frying.  
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Table 1a: Formulation of recipe for kalmegh incorporated Mathri (For frying) 

Ingredients→ 

 

Samples ↓ 

Refined 

wheat 

flour (g) 

Kalmegh 

(g) 

Shortening 

(g) 

Refined 

sunflower 

oil (ml) 

Ajwain 

(g) 

Salt 

(g) 

Water 

(ml) 

Control sample 

 (0% kalmegh) 

MKF1 

200 0 40 75 ml 4 8 120 ml 

Kalmegh 1% 

MKF2 
200 2 40 75 ml 4 8 120 ml 

Kalmegh 2% 

MKF3 
200 4 40 75 ml 4 8 120 ml 

Kalmegh 3% 

MKF4 
200 6 40 75 ml 4 8 120 ml 

 

Table 1b: Formulation of recipe for kalmegh incorporated Mathri (For baking) 

Ingredients→ 

 

Samples ↓  

Refined 

wheat 

flour (g) 

Kalmegh 

(g) 

Shortening 

(g) 

Refined 

sunflower 

oil (ml) 

Ajwain 

(g) 

Salt 

(g) 

Water 

(ml) 

Control sample  

(0% kalmegh) 

MKB1 

200 0 40 75  4 8 120  

Kalmegh 1% 

MKB2 
200 2 40 75  4 8 120  

Kalmegh 2% 

MKB3 
200 4 40 75  4 8 120  

Kalmegh 3% 

MKB4 
200 6 40 75  4 8 120  

 

2.2 Preparation of mathri by frying and baking methods 

 

 Frying Method:            

For the preparation of mathri, required quantity (mentioned in table 1a and 1b) of all the dry ingredients (refined wheat 

flour, ajwain, and common salt,) mixed properly. Then shortening was added and rubbed vigorously. Then water was added and 

kneaded well to make hard dough. The dough was covered and kept for 10 minutes [13]. The dough was rolled out by using a 

wooden rolling pin to form a sheet of uniform thickness (approximately 2 mm). Dough sheet was pricked with a fork and cut into 

star shaped pieces using cookie cutters. Each mathri was covered with a muslin cloth so that their surface would not dry. Refined 

sunflower oil was heated at 120°C for deep frying in a pan. Mathri were fried on medium flame at 120°C - 140°C. They were 

taken out on kitchen napkin paper to remove excess oil. When the samples were cooled to room temperature, they were stored in 

an airtight box for further analysis (Fig.1). 

 

Baking Method: 

All the procedure was same as frying method except after cutting, the unbaked mathri positioned on tray. The tray was 

kept in electrical baking oven at 160℃ for 30 minutes [11]. The sample was removed from oven and cooled at ambient 

temperature, then stored them in an airtight box for further analysis (Fig.2). 
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Fig.1: Process flow chart of fried mathri 

 

Fig.2: Process flow chart of baked mathri 
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2.3 Optimization of fried and baked mathri by sensory evaluation 

All samples of mathri were optimized by Sensory evaluation. The sensory attributes (Colour, Appearance, Taste, Flavour, 

Texture, Crispness and Overall acceptability) were taken for optimization of samples by using Nine-point hedonic scale method 

with 1=dislike extremely, 2=dislike very much, 3=dislike moderately, 4=dislike slightly, 5=neither like nor dislike, 6=like 

slightly, 7=like moderately, 8=like very much, 9=like extremely [6]. Ten expert diabetic subjects were selected as penal members 

for sensory evaluation. Then the ranking of cooking method was done based on Overall acceptability of all products. Then 

optimized samples of mathri were selected for further analysis of mineral composition and active ingredients present in sample. 

2.4 Estimation of Mineral Contents  

Minerals of raw kalmegh powder and optimized kalmegh based baked and fried mathri were estimated by diacid digestion 

method [1]. Sodium, potassium, and calcium were analyzed by using flame photometer instrument while, iron and zinc were 

analyzed by the Varian Techtron model AA-120 atomic absorption double beam spectrophotometer. 

2.5 Statistical analysis: 

The data of sensory attributes (Colour, Appearance, Taste, Flavor, Texture, Crispness and Overall acceptability) were taken in 

triplicates. The data of sensory attributes and ranking of cooking method were statistically analysed by Single factor ANOVA, 

with 5% level of significance with the application of ToolPak Software.  

III. RESULTS AND DISCUSSION 

3.1 Sensory evaluation 

 

The results of mean score values of sensory attributes of kalmegh based baked and fried mathri revealed in fig. 3 and fig. 4 

respectively. 

 

 

Fig. 3: Mean score value of sensory attributes of kalmegh based baked mathri 

From Fig. 3, baked mathri (MKB1, control sample, 0% kalmegh) and MKB2 (1% kalmegh) show almost similar trends 

for sensory attributes. And MKB1 and MKB2 were highly acceptable samples while MKB3 (2% kalmegh) and MKB4 (3% 

kalmegh) mathri samples shows less acceptability. Similar trend was found by Sukhwal and Vyas (2015) [11] in 5g curry leaves 

power enriched baked mathri which showed highest score value as compared to 2.5 g (curry leaves and amla, each) and control 

samples. 

 

 

Fig. 4: Mean score value of sensory attributes of Kalmegh based fried mathri 

 Fig. 4 shows that control sample (MKF1) of fried mathri was highly acceptable by penal members. While, fried mathri 

sample contained 1% kalmegh (MKF2) was highly acceptable as compared to 2% (MKF3) and 3% kalmegh (MKF4) based fried 

mathri. Similarly, 7g tandulaja powder based fried mathri revealed highest acceptability found by Kadbhane et al., (2019) [5] and 

the fresh leafy vegetable contaied fried mathri showed highest overall acceptability, observed by Verma and Jain, (2012) [13].  

Rani et al., (2017) [10] found their experiment that 5% dried arbi leaf powder incorporated deep fried mathri was highly 
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acceptability as compared to other levels of incorporation of arbi leaf powder in the samples. 10% level of green gram hush based 

fried mathri was most acceptable than other variations as observed by Bora and Kulshrestha (2015). 

  From figures (3 and 4), results showed that the sensory attributes of 1% kalmegh based mathri (for baked and fried, both) 

have best mean score values as compared to 2% and 3% kalmegh based mathri, while 3% kalmegh based mathries showed least 

acceptability than other proportions. It also has been noticed that, as the incorporation level of kalmegh increased beyond an 

acceptability level, the mean score values of sensory attributes decreased. Similar type of trend also found for green leafy based 

fried mathri by [13]. 

After statistical analysis, it was observed that the mean score value of all sensory attributes (Colour, Appearance, Taste, 

Flavor, Texture, Crispness and Overall acceptability) of kalmegh based mathri (control sample and its variations), cooked by both 

methods (baking and frying) showed statistically significant difference (p<0.05). (Table-2). 

 

Table-2: P value (at 5% level of significance) for various sensory attributes of kalmegh based baked and fried mathri  

(*Groups of 0%, 1%, 2%, 3% and 4% kalmegh) 

Sensory    

Attributes → 

Colour Appearance  Taste  Flavor  Texture  Crispness  Overall 

acceptability 

Between the 

Group of 

kalmegh based 

mathri* ↓ 

Baked 0.000603 4.44E-05 1.31E-

06 

5.63E-

06 

0.001125 0.004046 9.17E-07 

Fried 0.000917 0.001185 1.58E-

05 

4.84E-

05 

0.010372 0.028791 2.26E-05 

 

3.2  Optimized fried and baked mathri samples after sensory evaluation 

  After the optimization of samples of mathri by sensory evaluation, it was found that the 1% kalmegh based baked 

sample (MKB2) and fried sample (MKF2) were highly acceptable.  

 

3.3 Mineral composition of raw materials, control and optimized kalmegh based mathri 

3.3.1 Mineral composition of raw materials 

  

Fig. 5: Mineral composition of refined wheat 

flour 

Fig. 6: Mineral composition of kalmegh powder 

 
 The mineral composition of refined wheat flour (fig. 5) found by this study as sodium 0.6 ppm, potassium 9.57 ppm, calcium 

1.52ppm, iron 2.49ppm, and zinc 3.104ppm, respectively. While the values of mineral composition as zinc (0.5008 mg/lit), 

calcium (14.8 mg/lit), potassium (14.8 mg/lit) and iron (9.0758 mg/lit) in refined wheat flour observed by Jadhav et al., (2019) 

[4]. 

 The estimated mineral composition in kalmegh (fig.6) found as sodium (9.9 ppm), potassium (113.7ppm), calcium (178.3 

ppm), iron (1.1 ppm) and zinc (9.37 ppm). From these results, it was observed that kalmegh is very good source of potassium and 

calcium. While Puranik et al., (2012) [14] found in their study that fresh leaves of kalmegh contained sodium (152.50 mg/100 g), 

potassium (250.13mg/100g), and calcium (318.62mg/100g).  The trends of calcium and potassium are good agreement with [14], 

i.e., kalmegh is good source of potassium and calcium. 
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3.3.2 Mineral composition of control mathri samples 

 

  

Fig. 7: Mineral composition of mathri baked 

(control) 

Fig. 8: Mineral composition of mathri fried 

(control) 

  

 Fig. 7 revealed that the mineral obtained in baked mathri (control sample); sodium, potassium, calcium, iron, 

and zinc as follow 115.37, 15.46, 9.09, 1.9 and 2.88 (ppm), while minerals obtained in fried mathri (control sample); sodium, 

potassium, calcium, iron, and zinc as follow 105.08, 12.27, 5.88, 1 and 2.17 (ppm) (fig 8).  From both figures (7 and 8), it can be 

observed that sodium was abundantly present in control sample of mathri while iron in minimum amount. Verma and Jain (2012) 

[13] observed an iron content in refined wheat flour based fried mathri (control sample) was 1.3 mg, that shows the good 

agreement with the iron content (i.e., 1 ppm) observed in this study. On the other hand, iron content in standard sample of refined 

wheat flour based fried mathri minimum as compared to calcium [10]. 

 

3.3.3 Mineral composition of kalmegh based mathri  

  

Fig. 9: Mineral composition of mathri baked 

(MKB2) 

Fig. 10: Mineral composition of mathri fried 

(MKF2) 

The observed values of minerals composition of kalmegh (1%) based baked mathri (MKB2) shown in Fig. 9. The figure 

revealed that the product has maximum in sodium (112.71 ppm) while level of potassium (12.67 ppm), calcium (17.6 ppm), iron 

(2.04 ppm) and zinc (15.97 ppm) were observed. While the estimated value of minerals in ambadi baked mathri observed by 

Patil et al., (2020) [9] as follows sodium (102.71 mg/30g), potassium (151.83 mg/30g), calcium (71.41mg/30g), iron (2.15 

mg/30g) and zinc (3.24 mg/30g). 

  

While fig. 10 revealed that mineral content such as sodium (8.9 ppm), potassium (83.65 ppm), calcium (96.84 ppm), iron 

(0.92 ppm), and zinc (10.82 ppm) were estimated in kalmegh based fried mathri. Similarly, Rani et al., (2017) [10] also observed 

that 5% arbi based fried mathri was high in calcium (138.85 mg) and low in iron (3.06 mg), while high iron content (5.37 mg) 

was found in dried vegetables enriched mathri as compared to fresh green vegetable based and control samples [13]. 

 

IV. CONCLUSION 
The andrographolide present in kalmegh is the most bitter compound, has hypoglycemic properties, and is used as the treatment 

for diabetes. This study aimed to develop, and optimize the kalmegh-based baked and fried mathri by sensory evaluation using the 

9-point hedonic scale method, and to estimate the mineral composition in optimized samples. From the study, the key finding was 

obtained that different levels of kalmegh used in fried and baked mathri showed significant effects on all sensory attributes. 1% 

kalmegh incorporated products by both cooking methods (baking and frying) showed the highest acceptability than other levels 

(2% and 3% kalmegh). Therefore, MKB2 and MKF2 have been selected as optimized samples. The finding of mineral 

composition showed that kalmegh based baked mathri contained the highest amount of sodium (112.71 ppm) while fried mathri 

contained the highest in calcium (96.84 ppm), iron content was found at a low level in both samples MKB2 and MKF2 which 

were 2.04 ppm and 0.92 ppm, respectively. It can be concluded that kalmegh incorporated mathri could be a suitable option for 

diabetic subjects. This product can open a new door for commercial purposes, as the product showed not only the best results in 

sensory acceptability but is also rich in mineral composition. 
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