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			Abstract | In Indonesia, seaweed has a critical role in improving the welfare of coastal communities. As a source of nutrition, seaweed consists of carbohydrate, protein, fat, fiber and ash, vitamin, and beta-carotene. Right drying methods are needed to preserve the quality of dried seaweed. This study aims to compare the trend of weight reduction in seaweed during drying by natural and cabinet methods. The methods were used experimentally in the field and laboratory. And the data were analyzed using simple linear regression to formulate a trend of reduction in the weight of seaweed while drying. The results showed that the weight reduction in seaweed by the natural method can be illustrated by the simple regression linear equation Y = -2.385 3x + 943.65 with R² = 0.985 9, which means a reduction in weight of seaweed i.e. 2.385 3 g min–1 during 340 min. While cabinet dryer method can be illustrated by Y = -0.858 8x + 913.55 with R² = 0.931 5, which means a reduction in seaweed weight i.e, 0.858 8 g min–1 during 340 min. The reduction of seaweed weight per minute by the natural drying method is higher than the cabinet drying method. Still, the cabinet drying method is more stable because it does not depend on the weather during the drying process.
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			Introduction

			Seaweeds are a group of photosynthetic non-flowering plant-like organisms (called macroalgae) that live in the sea (Sunarpi, 2017). Seaweed also is one of the versatile products used for food (McHugh, 2003). It has high water content when harvested. However, for use sometime after harvesting, high water levels can trigger damage to seaweed. It is indicated that seaweed is easily damaged in fresh conditions (Pradana et al., 2013). This is caused by high water content, which makes physiological and enzymatic activity high, making it easy to cause mold growth or destruction.

			The drying method is an effort to decrease moisture content to prevent damage (Pradana et al., 2019) and so that seaweed products are safe to store for a long time. The decrease in seaweed water content is carried out by transferring water from the seaweed into the free air. Water vapor displacement occurs due to differences in vapor pressure in the material with the surrounding air.

			A good drying method of seaweed will determine the length of time required without causes degrading quality. Generally, fishing communities dried the seaweed naturally by the sun by spread on bamboo woven media to receive sunshine (Kamaruddin et al., 2017, 2020).

			The nutritional value of seaweed is high, being rich in carbohydrates, dietary fiber, fats and lipids, vitamins and minerals, especially iodine (Bouga et al., 2015). The nutritional composition of seaweeds varies depends on their species, maturity, environmental growth conditions such as seawater and sunlight (Xiren and Aminah, 2017). Seaweed inclusion in staple foods would serve as an alternative to the fortification of salt or other foods with KI (Combet et al., 2014). Seaweed nutrition content per 100 g, i.e., the water content value of 13.90 %, ash content 3.40 %, protein 2.60 %, fat 0.40 %, carbohydrate 5.70 %, crude fiber 0.90 %, carrageenan 67.50 %, vitamin C 12.00 %, riboflavin 2.70 (mg100 g–1), mineral 22.39 (mg100 g–1), Ca 2.30 mg kg–1 and Cu 2.70 mg kg–1 (Anggadiredja et al., 2011).

			So far, the quality produced by natural drying is quite good, but this method cannot be used at any time because it is constrained by the weather and the length of sun exposure. If the weather does not support, the drying seaweed time is 2 d to 4 d (d = day) until all is completely dry.

			In West Nusa Tenggara (NTB) Indonesia, the type of seaweed Eucheuma cottonii Weber-van Bosseis widely developed and cultivated (Sahat, 2013). In 2016 recorded production of seaweed in NTB amounted to 11.68 × 106 t. While the total achievements of seaweed production in Lombok Island in 2016 amounted to 245.85 t (DKP NTB, 2017). Besides, the current development of seaweed is one of the leading programs of the NTB provincial government, which is assembled in the PIJAR (Indonesian acronym: sapi, JAgung, Rumput laut) —cattle, corn, seaweed— program.

			The high level of production and the need for processed seaweed in NTB requires the handling of seaweed in a more appropriate way. Drying is a process to reduced water content from the substrate by thermal energy (Wilhelm et al., 2004). The benefit of drying is decreased water activity for inhibited growth of microbe and reduced storage volume (Shishir et al., 2017). Another drying method that can be a solution is to use a cabinet dryer who is a relatively simple artificial dryer, but its use is full enough for drying food (Siskawardani et al., 2021).

			Cabinet dryer is a dryer food with a rack system (cabinet) multilevel uses sources heat from a supplemented LPG gas fire with blowers as heat spreaders as well-equipped temperature regulating valve with thermocouple to maintain no temperature change (Mardiah et al., 2012). According to Mardiah et al. (2012) and Siskawardani et al. (2021), drying cabinet (cabinet dryer) is a drying method by using a rack-shaped oven. Next, Suhardjo (2000) explained, the advantage of this drying is material becomes more durable and the volume of material becomes less so it makes transportation easier. In a tool that resembles this cabinet, the material is placed on a tray or pan and then arranged pad shelves are available.

			The principle works are that dry air is blown through the heating media into the seaweed, accompanied by the process of moving water vapor out of the seaweed into the environment. The purpose of this research is to compare the trend of weight reduction in seaweed during drying by natural and cabinet.

			Materials and Methods

			Seaweed used is the Eucheuma cottonii variety because it is sought after and used for the food processing industry in NTB (Agus et al., 2021; Sunarpi, 2017). Also, of the 88 types of seaweed in NTB, E. cottonii is the most widely cultivated coastal community of NTB. Woven bamboo is used as a container for stretching seaweed to be dried (Kamarudin et al., 2020). An artificial dryer that looks like a closet arranged in the form of shelves, and the drying temperature can be controlled. Measuring instruments used to collect data are thermometers, hygrometers, lux meters, anemometers, and digital scales. Cabinet dryer that was used is an assembly made by a local factory with specifications type: DO-400-L; work area: 60 cm × 40 cm × 165 cm; stage: seven tray stainless steel; temperature range: ambient temperature - max 75 °C ± 5 °C; working time: 24 h; temperature controller: automatic digital display; heater: lamp; air circulator: blower 25 W; inside and outside material: stainless 201; and overall dimension is 80 cm × 53 cm × 190 cm.

			The research method used is experimental in the field and laboratory. The number of samples used was six samples consisting of two treatments each repeated three times. The variables observed in the area are sunshine intensity, ambient temperature, RH, wind speed, and weight loss, while the settings found in the laboratory are weight loss. The data obtained were analyzed using simple regression analysis to determine the trend rate of weight loss of seaweed during drying using two methods, that is cabinet drying and sun drying like as shown in Figure 1. Figure 1A shows the cabinet dryer used, while Figure 1B is the sun drying process in an open environment.
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			Figure 1: Cabinet dryer machine (A) and tray manual sun drying (B).

			Results and Discussion

			Seaweed drying is a vital processing step because it is related to the high water content of the material as one of the main factors affecting the appearance, texture, taste, nutritional value of food. It’s confirmed by a statement that fresh seaweed is easily damaged and rotted (Pradana et al., 2019). So, the drying method is an important step before seaweed is used in Industrial Processing (Gupta et al., 2011). Seaweed during drying will be loss on weight, and the color will change as shown in Figure 2.

			Based on Figure 2, the color of fresh seaweed is bright green (Fig. 2A), while dry seaweed has a slightly yellowish brown color (Fig. 2B). The color change is influenced by the drying process and changes in moisture content.

			In this study, the drying method used is direct drying with sunshine and using a cabinet dryer. The total drying time for both methods is the same, which is 340 min . The results of this study compare the reduction in weight of the material using both ways.
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			Figure 2: Fresh seaweed (A) and dried seaweed (B) Eucheuma cottonii.
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			Figure 3: Reducing the weight of seaweed (g) at 40 °C used cabinet dryer.

			Seaweed drying with cabinet dryer

			Cabinet dryer uses depend on the drying temperature used and the time of drying, the longer the time of drying and the higher the temperature, which is then reduced levels of water will accelerate. The higher temperature increased moisture diffusivity as well as the constant drying rate (Mohamad and Sari, 2015). Drying seaweed using a cabinet dryer in this study was carried out at a temperature of 40 °C, the results of drying are shown in Figure 3. 

			The use of drying temperature in the cabinet dryer can be more than 40 °C, while the reason for using the 40 °C temperature is to approach the average temperature range for naturally drying using sunshine which when investigating ranges from 35 °C to 44 °C so that the drying conditions of the two are not much different. The higher the temperature used will undoubtedly speed up the drying process (Agarry et al., 2013). The average wind speed of the cabinet dryer that was used 0.53 ms–1. While the light intensity is average 2 181 lx. In this research, the wind speed data becomes the limitation of the formula in the dryer’s implementation . Based on Figure 3, it can be seen that there is a decrease in seaweed weight during drying using a cabinet dryer with a temperature of 40 °C. The declining trend of seaweed weight during drying is illustrated by the regression equation Y = -0.858 8x + 913.55 with a regression value of R² = 0.9315. This means a decrease in seaweed weight by 0.858 8 g min–1 with a drying temperature of 40 °C using a cabinet dryer. The correlation value R² = 0.931 5, means that there is a close correlation or relationship between the drying time of the material weight reduction of 93 % (Akpinar and Bicer, 2005). The equation of the rate of weight loss of seaweed obtained is then tested to simulate a prediction of seaweed weight reduction for 340 min. The results of the prediction simulation can be seen in Figure 4.
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			Figure 4: Prediction of the seaweed weight loss rate model.
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			Figure 5: Validation of the seaweed weight reduction rate model.

			Figure 4 shows the simulation trend of the prediction of the rate of decrease in seaweed weights. Seaweed weight decreases with increasing drying time (Waewsak et al., 2006) following the Regression equation Y = -0.858 8x + 913.55 with R2 = 1. Furthermore, the results of direct observations in the field are compared with the results of predictions made through the model (Gujral et al., 2006) validation process, and the results obtained are as shown in Figure 5.

			In Figure 5, a high R-value on the graph shows the validity of the model (Jain and Pathare, 2007). This means that the model built is almost similar to real conditions on the ground.
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			Figure 6: Decreased weight of seaweed with sunshine.

			Drying seaweed with sunshine

			Drying seaweed using a sun drying in this study was carried out at ambient temperature (°C). During the observation there was a temperature fluctuation and could not be adjusted. The range temperature detected from 35 °C to 44 °C, sunshine intensity up to 92 000 lx, RH 40 % to 51 %, wind speed average 1.28 ms–1. Full sun radiation occurs around 11.00 PM to 14.00 PM. So, the results of drying can be seen in Figure 6. 

			Based on Figure 6, a decrease in weight seaweed occurred. Seaweed weight decrease over time (Agarry et al., 2013). The trend of decreasing seaweed weight during drying is illustrated by the simple regression equation Y = -2.385 3x + 943.65 with a correlation value R² = 0.985 9. This means a decrease in seaweed weight by 2.385 3 g min–1 with a drying time of 340 min using sunshine. Correlation value R² = 0.985 9. This means there is a close correlation (Jain and Pathare, 2007) or human between drying time to decrease the weight of the material amounted to 98.59 %.

			Based on the Indonesian National Standard (SNI) issued by the National Standard Agency (BSN), namely SNI 01-2690-1992 regarding the quality standards of dry seaweed that must be met, including moisture content, odor, foreign material, carrageenan content, and agar content as in Table 1.

			Table 1: Quality standards of dry seaweed.
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			Source: Dewan Standardisasi Nasional (1992).

			The drying and storage of samples are likely to affect the moisture content of the samples examined, and seaweeds must meet the regulation of SNI 01-2690-1992 (Rasyid, 2017). According to research by Masduqi et al. (2014), there is a difference in the results of the proximate analysis of seaweed on oven drying and sun drying. Fiber content, crude protein, and an ash content of seaweed in oven drying were higher than sun drying. While the moisture content and fat content in oven drying are lower than in sun drying. This is because the drying process is not evenly distributed and temperature changes that fluctuate affect the moisture content. Chan (1997) was found that different drying methods have significant effects on the amount of nutritional composition extracted from seaweed S. hemiphyllum. But for economic reasons, sun-drying is widely used in both seaweed studies and the phycocolloid industry. Obstacle in sun-drying is strongly dependent on the weather and the length of the day (Kamaruddin et al., 2017).

			Drying with a cabinet dryer applied to sliced bananas has better color, texture, and natural aroma when compared to drying in the open sun (Aruna et al., 2019). Badmus et al. (2019) also shown in their research that low-temperature drying, such as freeze-drying and oven-drying at 40 °C, produced products with higher concentrations of nutritionally important chemicals. 

			In the drying process, the heat transfer and mass transfer occurred. The heat from the drying medium will contact the product so that the water in the product will evaporate into the environment. For the clearly, the explanation on the mechanisms involved that cause the weight loss and changes observed have been shown in Figure 7.

			Based on Figure 7, the drying process of seaweed occurs because of the transfer of heat from the heating medium (air) into the product accompanied by a process of transferring water vapor out of the product. The heating medium also functions to carry water vapor away from the product. The heat carrier medium is usually heated air.
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			Figure 7: The drying process of seaweed.
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			Figure 8: Prediction of the seaweed weight loss rate model.

			The equation of the rate of weight loss of Seaweed obtained is then tested to simulate a prediction of seaweed weight reduction for 340 min. The results of the prediction simulation can be seen in Figure 8. 

			Figure 8 shows the simulation trend of the prediction of the rate of decrease in seaweed weights. Seaweed weights decrease with increasing drying time following the Regression equation Y = -2.385 3x + 943.65 with R2 = 1. Furthermore, the results of direct observations in the field are compared with the results of predictions made through the model validation process, and the results obtained are as shown in Figure 9. In Figure 9, a high R-value on the graph shows the validity of the model. This means that the model built is almost similar to real conditions on the ground (Waewsak et al., 2006).
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			Figure 9: Validation of the seaweed weight reduction rate model.

			The cabinet dryer method requires additional electric heating energy or LPG gas fire. That way, the future research direction is an economic study of this extra heating energy. The use of solar heating can be increased efficiency and effectiveness by applying a hybrid solar-wind dryer (Kamaruddin et al., 2017, 2020). The method of drying seaweeds with a hybrid renewable energy system should be studied and developed for the welfare of coastal communities.

			In the research that has been carried out , in addition to weight reduction further testing has not been carried out on the chemical quality of dried seaweed. However, from the two methods, what meets the SNI standards is the result of drying with a cabinet dryer. Weight loss reaches 80 %. While the sun drying, the weight loss is 36.30 %. From the test, it can be seen that the drying time in the oven is shorter than the drying time in the sun because it does not depend on weather conditions. Cabinet drying can help overcome issues associated with prolonged duration of drying (Badmus et al., 2019).

			But on the previous research which conducted by Masduqi et al. (2014), there is a difference in the results of the proximate analysis of seaweed on oven drying and sun drying. Fiber content, crude protein, and ash content of seaweed in oven drying were higher than sun drying. While the moisture content and fat content in oven drying are lower than in sun drying.

			Conclusions and Recommendations

			Based on the results of research and data analysis, it can be concluded that the weight reduction in the seaweed by the natural method is 2.385 3 g min–1; while by the cabinet dryer method it is 0.858 8 g min–1. The reduction of seaweed weight per minute by the natural drying method is higher than the cabinet drying method. Still, the cabinet drying method is more stable because it does not depend on the weather during the drying process. 

			It is necessary to investigate further regarding the differences in the chemical quality of seaweed dried by the both methods, and next it is necessary to include all the variables which influence the mathematical formulation.

			Novelty Statement

			This research provides important information on prediction on the rate of weight reduction seaweed at a time with two different drying methods. This manuscript also shows that the weight-reduce seaweed by the natural method evidently can be illustrated by the simple regression linear equation. The natural method can be illustrated by Y = -2.385 3x + 943.65 with R² = 0.985 9. While by cabinet dryer method can be illustrated by Y = -0.858 8x + 913.55 with R² = 0.931 5. 
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Comparison between Natural and Cabinet Drying on Weight Loss of
Seaweed Euchuema cottonii Weber-van Bosse

Suwati Suwati', Erni Romansyah'*, Syarifudin Syarifudin', Yahya Jani’, Agus Heri Purnomo’,
Damat Damat* and Erkata Yandri**

"Department of Agriculture Engineering, Faculty of Agriculture, Universitas Muhammadiyah Mataram, JI. K. H.
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ies, Faculty of Culture and Society, Malmi University, Nordenskioldsgatan 1, 211 19 Malmo, Sweden; *Research
Center for Marine and Fisheries Socio-economics, Mina Bahari 1Building, JI. Pasir Putih 1, Ancol, Jakarta 14430,
Indonesia; *Department of Food Science and Technology, University of Muhammadiyah Malang, JI. Raya Tlogomas
No. 246 Malang 65144, East Java, Indonesia; * Graduate School of Renewable Energy, Darma Persada University,
JI. Radin Inten 2, Pondok Kelapa, East Jakarta 13450, Indonesia; *Center of Renewable Energy Studies, Darma
Persada University, East Jakarta 13450, Indonesia

Abstract | In Indonesia, seaweed has a critical role in improving the welfare of coastal communities. As a
source of nutrition, seaweed consists of carbohydrate, protein, fat, fiber and ash, vitamin, and beta-carotene.
Right drying methods are needed to preserve the quality of dried seaweed. This study aims to compare the
trend of weight reduction in seaweed during drying by natural and cabinet methods. The methods were
used experimentally in the field and laboratory. And the data were analyzed using simple linear regression
to formulate a trend of reduction in the weight of seaweed while drying. The results showed that the weight
reduction in seaweed by the natural method can be illustrated by the simple regression linear equation Y =
-2.385 3x + 943.65 with R? = 0.985 9, which means a reduction in weight of seaweed i.e. 2.385 3 g min™
during 340 min. While cabinet dryer method can be illustrated by Y = -0.858 8x + 913.55 with R* = 0.931
5, which means a reduction in seaweed weight 7.¢, 0.858 8 ¢ min™ during 340 min. The reduction of seaweed
weight per minute by the natural drying method is higher than the cabinet drying method. Still, the cabinet
drying method is more stable because it does not depend on the weather during the drying process.
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Introduction However, for use sometime after harvesting, high

water levels can trigger damage to seaweed. It is

eaweeds are a group of photosynthetic non- indicated that seaweed is easily damaged in fresh

flowering plant-like organisms (called macroalgae)  conditions (Pradana ez a/., 2013). This is caused by

that live in the sea (Sunarpi, 2017). Seaweed also is  high water content, which makes physiological and

one of the versatile products used for food (McHugh, enzymatic activity high, making it easy to cause mold
2003). It has high water content when harvested. growth or destruction.
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