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ABSTRACT 
 

Melinjo peel, a by-product of melinjo cracker production, has the potential to become waste 

if not utilized optimally. Howeever, it contains bioactive compounds that can be processed 

into herbal tea bags with health benefits. Melinjo peel has relatively low antioxidant activity; 

therefore, the addition of other ingredients, such as white turmeric is necessary to enhance 

the functional value of the herbal tea. Herbal tea bags generally have a slightly bitter and 

astringent taste; thus, stevia leaves were added as a natural sweetener. Formula 

optimization of the herbal tea was carried out using response surface methodology (RSM), 

with total flavonoid content and antioxidant activity as the measured responses. The optimal 

formula was further subjected to sensory profile characterization (RATA method and hedonic 

rating) to determine the selected formulation. The selected herbal tea formula consisted of 

50% melinjo peel, 40% white turmeric, and 10% stevia leaves. Based on the RATA test, the 

herbal tea was characterized by attributes of licorice, sweet, floral, bitter aftertaste, 

astringency, and metallic aftertaste, with an average liking score of 3.51 (liked).  

1. INTRODUCTION 

As one of the most widely consumed beverages worldwide, tea is appreciated not only for its distinctive taste and 

aroma but also for its role in supporting health. According to the Statista Consumer Market Outlook, global tea 

consumption has continued to increase, rising from 6.89 million tons in 2022 to a projected 7.44 million tons by 2025 

(Ardiansyah, 2024). Herbal tea is a type of tea commonly consumed, made from a single type of plant or a mixture of 

various herbal plant parts, such as seeds, leaves, roots, or flowers, which provide health benefits (Dusun et al., 2017). 

Banten Province is the fifth-largest producer of melinjo (Gnetum gnemon L.) in Indonesia (BPS, 2014). As of 

2024, melinjo production in Banten Province reached 55,366 tons per year (BPS, 2025). The abundant melinjo plants 

provide an important source of income for local communities, particularly through the processing of melinjo seeds 

into emping crackers (traditional crackers). However, the production of emping generates solid waste in the form of 

melinjo peels, which, if not properly utilized, can potentially cause environmental pollution. Therefore, this waste can 

be processed into herbal tea with potential health benefits. Herbal tea containing antioxidant compounds plays an 

important role in protecting the body against free radicals, oxidative stress, and cellular damage that may lead to 

various diseases (Harahap et al., 2016). 

Ripe melinjo peel is red in color, contains anthocyanin pigments that act as antioxidants by scavenging free 

radicals that cause cellular damage (Adhityasmara & Advistasari, 2021). Previous studies have shown that melinjo 

peel has relatively low antioxidant activity, with an inhibition value of 37.35% (Fatimatuzzahroh et al., 2020). This 

indicates the need to add other ingredients to enhance the antioxidant activity of the herbal tea, such as white turmeric 

(Curcuma zedoaria), which has high antioxidant activity with an inhibition value of 85.41% (Malipeddi et al., 2010). 
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In general, tea products tend to have a bitter and astringent taste due to interactions between various compounds, 

including caffeine, certain amino acids, and polyphenols (Pratiwi et al., 2024). Therefore, a sweetener is necessary to 

reduce this bitterness. Stevia leaves were selected as a sweetener because they are calorie-free, making them suitable 

for consumers who wish to limit sugar intake. Excessive use of stevia leaves can cause bitterness and an unpleasant 

aftertaste, so their amount must be carefully adjusted. 

Traditionally, herbal tea is prepared by boiling the tea ingredients in hot water, which takes a longer time and 

produces residue that needs to be filtered before consumption. This method is considered less practical for consumers 

who prefer a quick and simple preparation process. Therefore, herbal tea bags have been developed as a more practical 

alternative, providing faster brewing, no need for filtration, while retaining functional benefits. This study aims to 

develop a practical herbal tea bag with optimal antioxidant activity and sensory characteristics acceptable to 

consumers. Variations in the properties of each ingredient require appropriate formulation to maintain bioactive 

properties and sensory quality. Furthermore, sensory profile characterization is necessary to ensure that the resulting 

product meets consumer preferences. 

2. MATERIALS AND METHODS 

2.1. Materials 

The main materials used in this study were melinjo peel, white turmeric, and stevia leaves. Melinjo peel was sourced 

from plantations in Serang, Banten, and selected for uniform red color, freshness, and the absence of physical damage 

such as bruising or decay. White turmeric was sourced from a traditional market in Serang, Banten, and selected for 

uniform yellowish-white color, characteristic aroma, firm and dense texture, and no shriveling. Stevia leaves were 

obtained from an online store in whole form, dry, free from additives, and dark green in color. 

2.2. Methods 

2.2.1. Raw Material Preparation 

The preparation of raw materials included the preparation of melinjo peel powder, white turmeric powder, and stevia 

leaf powder. Melinjo peel and white turmeric were first sorted, washed, cut into small pieces, and oven-dried. Melinjo 

peel was dried at 65 °C for 4 h (Saragih et al., 2018), resulting in an antioxidant activity of 52.80% inhibition, while 

white turmeric was dried at 50 °C for 7 h with some modifications (Malahayati et al., 2021), resulting in an 

antioxidant activity of 63.59% inhibition. After drying, both materials were ground into powder and sieved using a 20-

mesh sieve. Commercial stevia leaves were crushed and sieved using the same mesh. All powdered materials were 

stored in airtight containers, weighed according to the formulation, thoroughly mixed, and packaged into tea bags with 

a weight of 2 g per sachet. 

2.2.2. Determination of Ingredient Concentration Limits 

A study by Apriliyanti et al. (2021) reported that the use of melinjo peel at concentrations between 30% and 60% 

resulted in good consumer acceptance, so this range was used as the formulation limit. Listiana & Herlina (2015) 

found that white turmeric at a concentration of 50% was most preferred; however, using too much white turmeric may 

cause a bitter taste, so a concentration of 40% was set as the upper limit. In addition, according to Sinuhaji et al. 

(2023), the addition of 10% stevia leaves gave the best taste acceptance and was thus used in the product formulation. 

2.2.3. Formula Optimization  

The formula optimization process was conducted using Response Surface Methodology (RSM) with a D-optimal 

design to determine the concentration of each variable and to obtain the optimal responses. The measured responses 

were total flavonoid content and antioxidant activity, and each treatment was performed in triplicate. 

2.2.4. Sensory Profile Characterization of the Optimal Formula 

The process consisted of three stages: focus group discussion (FGD), panelist selection, and sensory evaluation. The 

focus group discussion (FGD) was conducted to determine the most appropriate terms to describe sensory attributes to 
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untrained panelists (consumers). This method typically involves a small group of 8–12 participants (Alfiyah et al., 

2024). In this study, a total of 10 consumer panelists participated, consisting of five females and five males. The 

discussion indicated that panelists could identify nine sensory attributes in the samples, which were subsequently used 

in the Rate-All-That-Apply (RATA) sensory evaluation. The list of sensory attributes is presented in Table 1. 

Table 1. Results of the focus group discussion (FGD) 

No Sensory Attribute Description 

1 Sweet Sweet taste 

2 Bitter Bitter taste 

3 Yellow Yellowish color of the brewed tea 

4 Astringency Astringent or drying sensation in the mouth, especially on the tongue and palate 

5 Licorice Licorice or medicinal syrup-like taste, perceived at the back of the tongue or throat 

6 Floral Floral aroma and flavor 

7 Metallic aftertaste Metallic taste lingering in the mouth after consumption 

8 Sweet aftertaste Sweet taste lingering in the mouth after consumption 

9 Bitter aftertaste Bitter taste lingering in the mouth after consumption 

Panelist selection involved 70 consumers aged 20–50 years from Banten Province. Sensory evaluation was 

conducted using the Rate-All-That-Apply (RATA) method with intensity ratings on a 1–5 scale, from very low to very 

high, as well as a hedonic rating test using a 1–6 preference scale, from “dislike extremely” to “like extremely.” This 

sensory evaluation process was approved by the Ethics Committee for Research Involving Human Subjects, IPB 

University, with approval number 1697/IT3.KEPMSM-IPB/SK/2025. 

2.2.5. Data Analysis 

Formula optimization was carried out using Design-Expert version 13.0. The resulting mathematical models were 

evaluated by significance and lack-of-fit tests at a significance level (α) of 0.05. Sensory data from the RATA and 

hedonic rating tests were analyzed using XLSTAT. The analysis included Principal Component Analysis (PCA) biplot 

graphs, spider web and sensory wheel charts, tables of hedonic test results, Agglomerative Hierarchical Clustering 

(AHC) panelist grouping tables, and Internal Preference Mapping (IPM) biplot graphs. 

3. RESULTS AND DISCUSSION 

3.1. Optimization of Herbal Tea Bag Formulation Based on Response Variables 

The determination of the optimal formulation aimed to produce a herbal tea bag with high total flavonoid content and 

strong antioxidant activity. These parameters are important for evaluating the quality and functional benefits of herbal 

products, although other factors may also be considered in overall quality assessment. High flavonoid content and 

strong antioxidant activity can enhance the functional value of the product, as they may provide additional health 

benefits beyond their nutritional role. Flavonoids have the potential to act as antioxidants due to the presence of 

hydroxyl groups on their aromatic rings, which enable them to react with free radicals and inhibit the formation of 

reactive compounds during lipid peroxidation processes (Artati et al., 2024). Antioxidant activity reflects the overall 

capacity of bioactive compounds in a food product to neutralize reactive species that can cause cellular damage.  

Ripe melinjo peel contains a total anthocyanin content of 43.52 mg/L (Sani & Kunarto, 2017). Anthocyanins are 

flavonoid-derived compounds with antioxidant and antimicrobial activities (Nomer et al., 2019). As antioxidants, 

anthocyanins act by donating hydrogen atoms to neutralize reactive oxygen species (ROS), including singlet oxygen, 

hydrogen peroxide, superoxide, hydroxyl, and peroxyl radicals. This mechanism helps protect body cells from damage 

(Ifadah et al., 2021). White turmeric contains curcumin, which acts as an antioxidant by neutralizing various reactive 

oxygen species (ROS), including nitric oxide (NO), hydrogen peroxide, and superoxide. In addition, curcumin inhibits 

lipid peroxidation processes (Sharifi-Rad et al., 2020). The formula optimization process resulted in ten formulation 

combinations, which are presented in Table 2. 

In the optimization process using Design-Expert version 13, melinjo peel and white turmeric were set with target 

ranges of 50–60% and 30–40%, respectively. Meanwhile, the two response variables, total flavonoid content and 
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antioxidant activity, were assigned a maximize goal to reach the highest values. The lower and upper limits for total 

flavonoid content ranged from 13.28 to 19.27 mg QE/g extract, while antioxidant activity ranged from 72.55 to 

81.96% inhibition. All parameters were given equal importance, with a value of three. This indicates that all criteria 

were considered equally important in determining the optimal formulation of the herbal tea bags. The criteria for 

selecting the optimal formulation are presented in Table 3. 

Table 2. Response measurements of the formulations 

Run 
Melinjo Peel 

(%) 

White Tumeric 

(%) 

Stevia Leaves 

(%) 

Total Flavonoid Content 

(mg QE/g extract) 

Antioxidant Activity 

(% inhibition) 

1 52.5 37.5 10 13.28 72.55 

2 56.6667 33.3333 10 15.97 77.32 

3 55 35 10 15.13 76.03 

4 50 40 10 19.16 81.83 

5 57.5 32.5 10 15.63 76.80 

6 60 30 10 17.65 80.15 

7 60 30 10 17.87 80.32 

8 60 30 10 17.76 80.28 

9 53.3333 36.6667 10 13.61 75.77 

10 50 40 10 19.27 81.96 

Table 3. Criteria for optimal herbal tea bag formulation 

Name Goal Lower Limit Upper Limit Importance 

Melinjo peel (%) In range 50 60 3 (+++) 

White turmeric (%) In range 30 40 3 (+++) 

Total flavonoid (mg QE/g extract) Maximize 13.28 19.27 3 (+++) 

Antioxidant activity (% inhibition) Maximize 72.55 81.96 3 (+++) 

Based on the analysis of the formulation combinations, three optimal solutions were obtained, as presented in 

Table 4. Among these, the combination of 50% melinjo peel and 40% white turmeric showed the best results, with 

predicted total flavonoid content of 19.22 mg QE/g extract and antioxidant activity of 81.87% inhibition. This was due 

to the highest desirability value of 0.99 for this formulation. A desirability value close to 1 indicates that the 

optimization results closely align with the targeted responses (Engelen, 2015). Therefore, the first formulation in Table 

4 was selected as the optimal formulation. 

The selected optimal formulation was verified to ensure that the predicted values from the optimization process 

matched the actual laboratory measurements. The actual values for total flavonoid content and antioxidant activity 

were 19.17 mg QE/g extract and 82.93% inhibition, respectively. Both values fell within the 95% prediction interval 

(PI), indicating that the actual results were in agreement with the model predictions and confirming the accuracy and 

reliability of the selected formulation. The verification results are presented in Table 5. 

Table 4. Optimal formulation solutions 

No 
Melinjo Peel 

(%) 

White Tumeric 

(%) 

Total Flavonoid  

(mg QE/g extract) 

Antioxidant Activity 

(% inhibition) 
Desirability 

 

1 50 40 19.22 81.87 0.99 Selected 

2 60 30 17.76 80.26 0.78  

3 56.40 33.60 15.77 77.24 0.46  

Table 5. Verification of the selected optimal formulation  

Response Actual Predicted 
95% PI 

Low High 

Total flavonoid (mg QE/g extract) 19.17 19.22 18.90 19.53 

Antioxidant activity (% inhibition) 82.93 81.87 80.00 83.73 
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3.1.1. Optimization of Total Flavonoid Content in Herbal Tea Bags 

Based on the test results, total flavonoid content ranged from 13.28 to 19.27 mg QE/g extract. Analysis using Design-

Expert version 13 (DX13) indicated that a quartic model was most suitable for describing the total flavonoid response. 

ANOVA results at a 5% significance level showed a p-value of <0.0001, indicating that the model was significant (p < 

0.05) and adequately explained the data variation. The lack-of-fit value was 0.1919, indicating a non-significant result 

(p > 0.05); thus, the model did not significantly deviate from the experimental data and was considered acceptable. 

 

Figure 1. Total flavonoid content response of herbal tea bags 

Flavonoids are naturally occurring compounds widely distributed in various parts of plants, including leaves, roots, 

fruits, peels, flowers, wood, and stems (Ningsih et al., 2023). They belong to the phenolic group and are characterized 

by a basic structure consisting of a benzene ring substituted with hydroxyl (–OH) groups. These chemical features 

contribute to the biological activities of flavonoids, such as antioxidant, anti-inflammatory, antimutagenic, and 

anticarcinogenic effects (Khoirunnisa & Sumiwi, 2019). Due to these activities, flavonoids are considered important 

compounds in the development of a wide range of products, including foods, nutraceuticals, pharmaceuticals, 

medicines, and cosmetics.  

3.1.2. Optimization of Antioxidant Activity in Herbal Tea Bags 

Based on the test results, antioxidant activity ranged from 72.55 to 81.96% inhibition. Analysis using Design-Expert 

version 13 (DX13) indicated that a quartic model was most suitable for describing the antioxidant activity response 

(Figure 2). ANOVA results at a 5% significance level showed a p-value of 0.0009, indicating that the model was 

significant (p < 0.05) and adequately explained data variation. However, the lack-of-fit value of 0.0007 was significant 

(p < 0.05), suggesting that the model was not ideal for predictive purposes. Nevertheless, it could still be used for 

preliminary exploratory analysis to understand the patterns of relationships among variables.  

Free radicals are atoms or molecules with one or more unpaired electrons, making them highly reactive and prone 

to stealing electrons from surrounding molecules (Najihudin et al., 2017). Naturally, these compounds can be 

generated endogenously as by-products of various metabolic activities. Free radicals are not only produced within the 

body but can also be influenced by external factors, such as radiation, pesticide exposure through food, smoking, and 

air pollution (Mbaoji et al., 2016). Excessive accumulation of free radicals can damage cells and tissues, increasing 

the risk of various diseases, including neurodegenerative disorders, diabetes mellitus, cardiovascular diseases, and 

cancer, as well as accelerating aging through oxidative stress (Phaniendra et al., 2015). 
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Figure 2. Antioxidant activity response of herbal tea bags (Dashed curves represent the 95% confidence interval of the predicted 

response) 

To mitigate the negative effects of free radicals, antioxidant compounds capable of neutralization are required. 

Antioxidants neutralize free radicals by donating electrons, thereby stabilizing them and making them non-reactive, 

while also preventing chain reactions that could damage cells (Wahdaniah et al., 2020). In herbal tea bags, antioxidant 

activity is related to the ability of bioactive compounds present in the ingredients, such as flavonoids, polyphenols, 

tannins, vitamin C, and other components, to neutralize free radicals. According to analysis results, the antioxidant 

activity of ripe melinjo peel dried at 65 °C for 4 h was 52.80% inhibition, white turmeric dried at 50 °C for 7 h showed 

63.59% inhibition, and commercially dried stevia leaves exhibited 59.17% inhibition. 

3.2. Sensory Profile Characterization of the Optimal Formula 

Sensory profile characterization was performed on three herbal tea bag formulations: formula 144 (50% melinjo peel : 

40% white turmeric : 10% stevia leaves), formula 198 (60% melinjo peel : 30% white turmeric : 10% stevia leaves), 

and formula 256 (56.40% melinjo peel : 33.60% white turmeric : 10% stevia leaves). These formulations were derived 

from the optimal solutions obtained during the formulation optimization stage using RSM. The characterization aimed 

to assess differences in sensory attributes resulting from the varying ingredient proportions in each formulation. 

3.2.1. Panelist Profile 

A total of 70 panelists residing in Banten Province participated in the sensory evaluation. The panelist group 

comprised 39% females and 61% males. In terms of age distribution, most panelists were between 20 and 50 years 

old: 54% were aged 20–30 years, 24% were 31–40 years old, and 22% were 41–50 years old. 

3.2.2. Rate-All-That-Apply (RATA) Test for the Optimal Formula 

Sensory profile characterization is a method used to identify and describe in detail the sensory characteristics of a food 

product, including taste, aroma, color, texture, and appearance. One widely used consumer-based method for 

characterizing sensory profiles in food products is the Rate-All-That-Apply (RATA) method (Munarko et al., 2023). 

The RATA method not only identifies the sensory attributes perceived by consumers but also measures their intensity, 

providing more comprehensive and detailed information. 

The sensory evaluation results obtained using the RATA method were analyzed via Principal Component Analysis 

(PCA) using XLSTAT software. PCA was employed to map the relationships between the samples and the sensory 

attributes assessed by the panelists. This analysis aimed to identify the attributes that contributed most to 

differentiating each herbal tea bag formulation and to examine the panelists’ perceptions of each sample, as presented 

in the PCA biplot in Figure 3. 
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Figure 3. PCA biplot of the sensory profiles of the herbal tea bags 

The positions of the attribute points in the PCA biplot reflect the correlations among the attributes. Attributes that 

are positioned close together and form an angle of less than 90° from the origin, or are located within the same 

quadrant, indicate a positive correlation. This means that an increase in the intensity of one attribute is likely 

accompanied by an increase in the intensity of the positively correlated attribute. Conversely, attributes that are 

positioned far apart and form an angle greater than 90° from the origin, or are located in different quadrants, indicate a 

negative correlation or no correlation. Figure 3 shows that product 144 is characterized by the attributes licorice, 

sweet, floral, bitter aftertaste, astringency, and metallic aftertaste. Product 198, although not having attributes within 

its own quadrant, is closely associated with bitter, sweet aftertaste, and yellow. Meanwhile, product 256 does not 

exhibit any dominant characteristic attributes. 

   

Figure 4. Spider web plot of product sensory attributes based on panelists’ perceptions 

The spider web chart in Figure 4 shows that product 144 exhibits prominent floral and sweet characteristics. This is 

influenced by its relatively high white turmeric content of 40% compared to the other products. The essential oils in 

white turmeric contain various monoterpenes such as eucalyptol, alpha-phellandrene, camphor, terpinolene, as well as 

sesquiterpenes (Siburian et al., 2023). These compounds are aromatic and, at certain concentrations, can impart a light, 

fresh, and sweet scent. This combination is often associated with a floral aroma, contributing to the perception of the 

floral attribute, while the addition of stevia leaves enhances sweetness.  

Product 198 showed higher values for the bitter and yellow attributes. This is due to its relatively high melinjo peel 

content of 60% compared to the other products. Ripe melinjo peel contains active compounds such as flavonoids, 

phenolics, alkaloids, saponins, and tannins (Eff et al., 2016). Phenolic compounds can interact directly with bitter taste 

receptors on the tongue, producing a bitter sensation. White turmeric imparts a pale to bright yellow color, while 
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melinjo peel contains carotenoid pigments that contribute to reddish to yellow-green hues (Wahyuni et al., 2017), 

resulting in a yellow-colored herbal tea infusion. Meanwhile, product 256 generally exhibited lower attribute values 

compared to the other products, particularly for sweet, floral, and licorice attributes, indicating that its formulation 

resulted in less pronounced taste and aroma characteristics.  

 

Figure 5. Sensory wheel of herbal tea bags 

The sensory wheel is a method used to map the various sensory attributes of a food product, making it easier to 

identify and describe the product’s characteristics using clear, consistent, and standardized terminology. Figure 5 

illustrates four main attribute categories for the herbal tea bags: aroma (floral), color (yellow), taste (sweet, bitter, 

astringent, and licorice), and aftertaste (bitter aftertaste, sweet aftertaste, and metallic aftertaste). 

3.2.3. Hedonic Rating Test of the Optimal Formula 

In addition to identifying the intensity of each sensory attribute in a food product, information on consumer 

acceptance is also essential. Therefore, sensory attribute intensity assessment using the RATA method is generally 

conducted alongside consumer liking evaluation through the hedonic rating method. The hedonic rating test is used to 

measure consumers’ subjective responses regarding their level of liking or acceptance of a product (Adawiyah et al., 

2020). Combining these two evaluations provides insights into how each sensory attribute influences consumer 

perception and preference. 

The parameters assessed in this study included the panelists’ overall liking, encompassing taste, aroma, infusion 

color, aftertaste, and mouthfeel. The results of the hedonic rating test for the herbal tea bags are shown in Figure 6. 

Product 144 achieved the highest mean score of 3.51, compared to product 198 (3.23) and product 256 (3.21), 

indicating that product 144 was the most preferred overall by the panelists. The hedonic rating is showed in Figure 6. 

 

Figure 6. Hedonic rating graph of the optimal formulation 
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3.2.4. Panelists’ Preference Map for Herbal Tea Bags 

The hedonic test also aims to determine panelists’ level of preference for a product by performing cluster analysis to 

identify patterns of liking. This method groups panelists based on similarities in their perceptions of different food 

products. One commonly used clustering method in sensory data analysis is hierarchical cluster analysis, which can be 

performed using XLSTAT software. This analysis can support product development by addressing the preferences of 

more specific panelist groups. The results of panelist clustering based on liking of the herbal tea bags are presented in 

Table 6. The panelists were divided into three clusters. Cluster 1 had the highest preference for product 256, with a 

score of 3.22. Cluster 2 showed the highest preference for product 144, with a score of 4.35. Meanwhile, Cluster 3 

also demonstrated the highest preference for product 144, with a score of 4.14. 

Table 6. Panelist clustering based on agglomerative hierarchical analysis (AHC) 

Class 144 198 256 

Cluster 1 2.81 3.14 3.22 

Cluster 2 4.35 2.95 3.45 

Cluster 3 4.14 3.86 2.86 

Internal Preference Mapping (IPM) is used to visualize the position of each cluster relative to the products based 

on liking data. IPM relies solely on panelists’ preference data, without incorporating the products’ descriptive attribute 

data. This method can help determine the positioning of products and the direction of preference for individual 

panelists or groups. The results of the IPM biplot for the herbal tea bags are shown in Figure 7. 

 

Figure 7. Biplot of internal preference mapping for herbal tea bags 

Figure 7 shows that Cluster 1 is positioned very close to product 256, Cluster 2 aligns with product 144, and 

Cluster 3 aligns with product 144. Overall, product 144 is closest to the directions of two clusters (Cluster 2 and 

Cluster 3), indicating that it is preferred by the majority of panelists.  

4. CONCLUSION  

The selected herbal tea bag formula consists of 50% melinjo peel, 40% white turmeric, and 10% stevia leaves. This 

formula exhibited a total flavonoid content of 19.17 mg QE/g extract and an antioxidant activity of 82.93% inhibition. 

The herbal tea bag is characterized by the sensory attributes licorice, sweet, floral, bitter aftertaste, astringency, and 

metallic aftertaste, and achieved an average overall liking score of 3.51 (liked). Further nutritional analysis is 

recommended to determine the macro- and micronutrient composition of the herbal tea bag based on melinjo peel and 

white turmeric. 
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