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Abstract: Background: Concentrated deep seawater is rich in minerals, including magnesium (Mg), 

sodium (Na), potassium (K), and calcium (Ca), commonly used in multivitamin. When these min-

erals are served as solid forms, their nature are highly hygroscopic, making them prone in absorbing 

moisture. Consequently, development of a non-hygroscopic solid dosage form derived from min-

eral-rich concentrated deep seawater is highly in need. Methods: Prior formulation stage, the qual-

ity of the deep seawater was verified through physical, chemical, and biological assessments based 

on available Quality Standard. To provide solid form with moisture resistance, the deep seawater 

concentrate was formulated into granule by using fillers: Avicel® PH 102 and Lactose with 10% 

Florite® as dessicant. Comprehensive evaluations of the granules including organoleptic, physical 

properties such as Flow rate, Angle of repose, Compressibility and Loss on Drying had been con-

ducted. These parameters were also evaluated during stability study for five months of storage. 

Advance verifications were also been performed by using instruments such as Differential Scanning 

Calorimetry (DSC), X-ray Diffraction (XRD), and Scanning Electron Microscopy (SEM). Results: The 

results indicated that the optimum moisture protection was provided by granule formulation using 

Avicel® PH 102 as filler (G-Av) either with or without addition of Florite® 10%. Stability study 

showed that the protection was effective either in ambient temperature or climatic chamber storage. 

Conclusions: Avicel PH 102 as filler provided moisture protection for deep seawater granules which 

highly hygroscopic in nature. 

Keywords: deep seawater; granule; hygroscopic; multivitamin; minerals 

 

1. Introduction 

Rich mineral content of seawater has led to its extensive utilization for salt production. Indonesia 

has 43,052.10 hectares of salt land, with approximately 59.7% dedicated to salt production [1]. Salt 

harvesting produces a product known as bittern—a concentrated seawater solution with high min-

eral content. Bitterns contain substantial amounts of potassium (K), calcium (Ca), and magnesium 

(Mg), which are highly beneficial for health applications.  

Currently, seawater mineral concentrate has been utilized in health sector as a raw material for 

supplements and multivitamins due to high mineral content [2]. As the demand for minerals grows, 

synthetic mineral sources from mining are diminishing, making concentrated seawater to be a viable 
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alternative. Indonesia has very long coastline thus provide natural resource for deep seawater as raw 

material for mineral concentrate. Despite abundant potential of source, the quality of these materials 

has not been extensively studied. Therefore, the standardization of quality to be used as raw materials 

for multivitamin is highly needed. The quality of deep seawater as raw material can be assessed 

through the physical, chemical, and biological parameters [3]. The official standard concerning the 

quality of water for health purposes including pharmaceutical grade material for oral formulations 

such as multivitamin has not been published. Yet, the available standard was adopted from those for 

drinking water with some additional quality standards.  

Due to the increased community income and quality life standard, the trend of healthy lifestyle 

and disease prevention has also been increased thus the needs for multivitamins to improve health 

and nutrient intake are also growing up.  In the pharmaceutical sector, it is imperative to character-

ize and standardize the raw materials thoroughly to guarantee the safety and quality of final product. 

With regards to deep seawater as raw material for supplement, pollution number is one of the factors 

contributing to the quality. Consumption of contaminated seawater whether due to physical, chemi-

cal, or microbiological pollutants exceeding human tolerance levels can pose serious health risks and 

safety [4].  

Deep seawater concentrate has enormous potential to be used as a raw material in the develop-

ment of supplements as a source of minerals in multivitamins [2]. Seawater is a natural resource that 

is abundantly available and will never run out without the need to be cultivated. Standardization, 

which is a must in maintaining the quality of raw materials for pharmaceutical preparations, must 

also be applied in the development of the concentrates as a source of raw materials for supplements. 

To enhance and broaden insights concerning the safety and quality of deep seawater concentrate, 

validation and quality control need to be employed as requirement of pharmaceuticals raw material. 

Due to lack of compendial method, the quality control including physical, chemical, and biological 

parameters in this experiment were based on the reference of Seawater Quality standard by the In-

donesian Ministry of Environment and Forestry year 2016. Quantitative determination of min-

eral/metal content can be done using ICP-OES (Inductively Coupled Plasma – Optical Emission Spec-

trometry) and XRF (X-Ray fluorescence) [5,6].  

The uniform shape of the granules provides good homogeneity in the mixing process as well as 

ability in dosage adjustment, thus more practical and efficient in the manufacturing process whether 

in the form of tablets, capsules, or other solid-form products [7]. According to previous research, high 

mineral content in solid material gives very hygroscopic properties to the powder due to susceptibil-

ity in absorbing moisture [8]. Zhang et al. has conducted research related to the hygroscopic proper-

ties of the mineral content by studying the properties of sodium and potassium salts during storage 

[9]. The hygroscopic character of pharmaceutical raw materials is influenced by various things, in-

cluding the stages of the process, manufacturing, packaging, storage, and distribution. This property 

also greatly affects the stability, appearance, and efficiency of the raw material. Therefore, it is im-

portant to study and classify the problem of raw materials based on their hygroscopic properties and 

provide the information of product handling of these materials [10].  

In the development of pharmaceutical and nutraceutical, the solid dosage forms such as tablets, 

capsules, and powders that are hygroscopic in nature greatly affect the physicochemical stability, 

therapeutic performance, and shelf life of the product. The formulation strategies that have been used 

to overcome this problems in the form of oral solid preparations of drugs/nutraceuticals are; (1) film 

coating, (2) encapsulation by spray drying or coagulation, (3) co-processing with excipients, and (4) 

crystal engineering by co-crystallization [11]. Mabrouki (2022) has conducted research related to the 

formulation and development of tablets from Herniaria Glabra L extract which is known to be hygro-

scopic, and improved its properties and physical stability by using a film coating system [12]. 

In the context of developing a non-hygroscopic solid pharmaceutical dosage forms derived from 

deep seawater concentrate which is rich in minerals as main ingredient for supplements and multi-

vitamins, further research is highly needed related to its stability and formulation. By preparing the 

material with good quality and stability, the potential of deep seawater concentrate as a source of 
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minerals for supplements will increase thus will provide greater benefits in supporting human’s 

health and welfare [13,14]. This study aims to provide information on the quality of mineral concen-

trates from deep seawater to fulfill requirement of pharmaceutical grade in the form of granules as a 

source of raw material for minerals and multivitamins. The information provided includes the stand-

ardization of product as raw materials for supplements and formulation aspects to improve the sta-

bility of deep seawater which is very hygroscopic granule to have better stability so that they can be 

used as raw material for multivitamin. Moisture protection of these material will increase its stability 

which lead to the ensurement of the micronutrients availability in the form of vitamins, minerals, and 

trace elements that play a main role in providing the nutrients needed to support optimal growth 

and development in children [15]. 

2. Results 

2.1. Quality Parameters of Deepsea Water Concentrate 

2.1.1. Physical Parameters 

Due to lack of compendial requirements, the physical parameters to evaluate the quality of water 

concentrate were based on the standard quality criteria for drinking water and seawater [16,17]. The 

results were compared between the sample from Madura seawater, Indonesia with that available in 

market and shown in Table 1. 

Table 1. Physical Parameters of deep seawater concentrate. 

Parameters Unit 

Samples Drinkin

g Water 

Quality 

Standar

ds 

Seawater Quality Standards 

Reference(

s) 
Grow 

up 

Marke

t 

Produ

ct 

Marine Life 
Port 

Facilities 

Marine 

Tourism 

Color Pt/C

o 

Scale 

333 570 15 - - 30 [16,17] 

Odor -  Slightl

y 

Odoro

us 

Slightl

y 

Odoro

us 

Odorless Natural Odorless Odorless [16,17] 

Total 

Suspended 

Solids 

(TSS) 

m/L < 7.7 < 7.7 40 Coral = 20 

Mangrove = 

80 

Seagrass = 

20 

80 20 [16,17] 

2.1.2. Chemical Parameters 

Chemical parameter testing was conducted to assess the chemical characteristics quality of the 

samples based on the standard quality criteria for drinking water and seawater [16,17]. Test results 

is shown in Table 2. 

Table 2. Chemical Parameters of deep seawater concentrate. 

Parameters Unit 

Samples Drinking 

Water 

Quality 

Standard

s 

Seawater Quality Standards 

Referenc

e(s) 
Grow 

up  

Market 

Products 
Marine Life 

Port 

Facilities 

Marine 

Tourism 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 December 2024 doi:10.20944/preprints202412.2107.v1

https://doi.org/10.20944/preprints202412.2107.v1


4 of 6 

pH Pt/Co 

Scale 

5.3 6.6 6–9 7–8.5 6.5–8.5 7–8.5 [16,17] 

Salinity % 311 283 33–34 Natural 

Coral = 33–

34 

Mangrove = 

33–34 

Seagrass = 

33–34 

Natural Natural [16] 

Dissolved 

Oxygen 

(DO) 

mg/L 2.1 3.1 6 > 5 - > 5 [16,17] 

Biological 

Oxygen 

Demand 

(BOD) 

mg/L 304 - 6 20 - 10 [16,17] 

Ammonia mg/L 0.77 1.2 1.5 0.3 0.3 - [16,18] 

Phosphate mg/L 0.096 0.23 0.2 0.015 -  0.015 [16,17] 

Nitrate mg/L 0.084 0.097 10 0.008 - 0.008 [16,17] 

Nitrite mg/L 0.0047 < 0.004 0.06 0.06 0.06 0.06 [16,17] 

Cyanide mg/L 0.011 0.005 0.02 0.5 - - [16,17] 

Sulfide mg/L 0.011 0.015 0.05 0.01 0.03 0 [16,19] 

Total 

Hydrocarb

ons 

mg/L < 0.79 - 10 - 1 - [16,20] 

Total 

Phenolic 

Compound

s 

mg/L 0.0016 - 0.002 0.002 0.002 0 [16,17] 

Surfactants MBAS 1.8 2.9 0.2 1 1 0.001 [16,17] 

Oil and fat mg/L <0,11 - 1 1 5 1 [16,17] 

2.1.3. Biological Parameters 

Biological parameter testing was conducted to evaluate the quality of test samples based on their 

biological characteristics, specifically focusing on two parameters: fecal coliform and total coliform 

[16,17]. Test results is shown in Table 3. 

Table 3. Biological Parameters of deep seawater concentrate. 

Paramete

rs 

Quality 

Standard 

Unit 

Sample Drinkin

g Water 

Quality 

Standar

ds 

Seawater Quality Standards 

  

Referen

ce(s) 
Grow up  

Market 

Products 

Marin

e Life 

Port 

Facilities 

Marine 

Tourism 

Fecal 

Coliform 

Total 

amount per 

100 ml 

sample 

(CFU) 

< 10 < 10 0 -  200 [16,17] 

Total 

Coliform 

Total 

amount per 

14 <10 0 1.000 1000 1000 [16,17] 
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100 ml 

sample 

(CFU) 

2.1.4. Chemical Analysis of Deep Seawater Concentrate 

The analysis was conducted to determine the chemical content of the sample qualitative and 

quantitatively. It was preformed both by XRF (X-Ray Fluorescence) and ICP-OES (Inductively Cou-

pled Plasma–Optical Emission Spectrometry) as shown in Table 4. 

Table 4. Analysis of Seawater Concentrate Using XRF and ICP-OES. 

Essential Minerals 

Elements Samples (mg/l) Market Product (mg/l) 

XRF ICP-OES XRF ICP-OES 

Mg 138000 61817.1466 53200 1656.2590 

Cl 626000 * 160000 * 

K 82300 72888.7852 21500 172141.0630 

Ca 8370 527.9098 0 94.4760 

On 0 350.7511 0 643.0545 

B 0 110.1492 0 154.7290 

Cr 0 < 0.0001 2.56 < 0.0001 

With 18.0 < 0.0001 7.46 < 0.0001 

Fe 26.1 < 0.0001 0 0.0095 

Mn 0 < 0.0001 0 4.3815 

Zn 0 < 0.0001 0 1.0785 

Toxic Minerals 

To the 0 < 0.0001 0 6.4350 

In 0 * 0 * 

Tl 0 < 0.0001 0 < 0.0001 

As 0 < 0.0001 0 < 0.0001 

Hg 0 < 0.0001 0 < 0.0001 

Cd 0 < 0.0001 0 < 0.0001 

Pb 0 < 0.0001 0 < 0.0001 

Non-essential and Non-toxic Minerals 

S 79000 * 20700 * 

Br 19100 * 3010 * 

Yes 5340 * 1870 * 

Rb 790 * 49.9 * 

Sn 325 <0.0001 78.6 <0.0001 

Ta 31.2 * 11.4 * 

In 26 <0.0001 0 <0.0001 

*not conducted. 

2.2. Formulations and Stability Study of Deep Seawater Granule 

The granulation were conducted by using two types of filler to which Lactose and Avicel® 200 

to evaluate the effect of different type of filler. Based on the organoleptic assessment, it is observed 

that the granules were white for G-Av and G-Av+Fl, whereas G-Lact and G-Lact+Fl were white-yel-

low. They were odorless, and showed a granular form. 

G-AV  : Avicel® Granules 

G-AV+FL : Avicel® Granules + FLORITE® 10% 

G-Lact : Lactose Granules 
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G-Lact+Fl : Lactose Granules + FLORITE® 10% 

Regarding stability during storage at room temperature, granules G-Av, G-Av+Fl, and G-Lact+Fl 

exhibited good stability, while G-Lact granules was instable and become higroscopic powder. The 

formula GF3, that which using lactose as filler without the addition of drying agent, begins to liquefy 

after three days of storage. 

Evaluation on the flow rate of the granules showed that the addition of Florite as drying agent 

improved the flowability either by using Avicel or Lactose as filler (Figure 1 a). This finding is inline 

with the result of angle of repose as shown in Figure. 1 b. The compressibility/Carr’s index results are 

shown in Figure 1 c. 

 
(a) 

  
(b) (c) 

Figure 1. Effect of Florite® addition as drying agent on (a) Flow Rate, (b) Angle of Repose, and (c) Carr’s Index 

Value of granules. 

Following the preparation of seawater concentrate granules, their physical stability underwent 

analysis by using parameter of LoD based on selectivity on moisture protection reason. The results 

provided in Figure 2 showed moisture stability of granules at two different conditions after five 

months of storage. 

 
(a)                                                    (b) 

0

10

20
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40
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Figure 2. Effect of Florite® addition as drying agent on LoD values of granules (a) room temperature and (b) 

climatic chamber after stability study 0, 1, 2, 3, 4, and 5 months of storage. 

2.3. Physical Stability Study of Granules Using Instruments 

The dried mineral granules from seawater concentrate which had been successfully produced 

using optimization formula in previous stage were introduced to stability study for five months of 

storage and the stability parameters of the granules we analyzed by using instruments. Higroscopic-

ity as the main problem of high mineral content solid materials were analyzed in terms of thermal 

behavior by DSC, their crystallinity by XRD and confirmation of morphological performances by 

SEM. 

2.3.1. Thermal Analysis by DSC 

The thermal behaviour were conducted on all seawater granule formulations including lactose 

granules (G-Lact), lactose granules with Florite® 10% (G-Lact+Fl),  Avicel® granules (G-Av), and 

Avicel® granules with Florite® 10% (G-Av+Fl) (Figure 3).  

 

Figure 3. DSC thermogram of Deep Seawater Granules using different filler. 

Stability studies on the thermal behaviour of the granules were conducted after five months of 

storage (Figure 4). The studies on granule using lactose as filler were performed to formula lactose 

granules (G-Lact), lactose granules with Florite® 10% (G-Lact+Fl), as well as Lactose and Florite pow-

der for comparison study (Figure 4a). Accordingly, stability studies on granule with Avicel PH 102 

as filler were conducted to formula Avicel® granules (G-Av) and Avicel® granules with FLORITE® 

10% (G-Av+Fl) after formulation (0) and after five months of storage in two conditions: room temper-

ature (RT) and climatic chamber (CC) as well as to Avicel PH 102 (Av) powder for comparison (Figure 

4b). During the stability study, it was revealed that the granules with Lactose as filler had been melted 

at around two weeks of storage, thus could not undergo further stability study.  
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(a)                                                 (b) 

Figure 4. DSC thermogram of deep seawater Granules using (a) Lactose and (b) Avicel® PH 102 as fillers at day 

of formulation (0) and after five months of storage at room temperature (RT) and Climatic Chamber (CC). 

2.3.2. XRD Analysis 

The XRD diffraction patterns of deep seawater granules using fillers of Avicel®, Avicel® with 

Florite® 10%, lactose, and lactose with Florite® 10%, is shown in Figure 5. 

 

Figure 5. XRD diffraction patterns of Deep Seawater Granules using different fillers. 

The results from stability study on XRD pattern were conducted to formulation using Avicel as 

fillers due to the failure of Lactose Granules formulation to stand during the study (Figure 6a). Char-

acterization by XRD during stability studies on granule with Avicel PH 102 as filler were conducted 

to formula Avicel® granules (G-Av(0)) and Avicel® granules with Florite® 10% (G-Av+Fl(0)) after 

formulation and after five months of storage  in two conditions: room temperature (RT) and climatic 

chamber (CC) as well as to Avicel PH 102 (Av) powder for comparison (Figure 6b). 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 December 2024 doi:10.20944/preprints202412.2107.v1

https://doi.org/10.20944/preprints202412.2107.v1


9 of 6 

(a) (b) 

Figure 6. Difractograms of deep seawater Granules using (a) Lactose and (b) Avicel® PH 102 as fillers at day of 

formulation (0) and after five months of storage at room temperature (RT) and Climatic Chamber (CC). 

2.3.3. Morphology Study by Scanning Electron Microscope 

Observation on the morphology and particle surface of deep seawater Granules and Standards 

conducted by using Scanning Electron Microscopy (SEM) are shown in Figures 7–9. 

 
(a)                          (b)                    (c) 

 

(a)                          (b)                    (c) 

 

(a)                          (b)                    (c) 

 

(a)                          (b)                    (c) 

Figure 7. Morphology of deep seawater granules using Avicel as filler (G-Av); Avicel® with Florite® 10% (G-

Av+Fl); Avicel® powder (Av) and Florite® powder (Fl) using magnification of (a) 200 x; (b) ) 1.000 x; and (c) 

10.000 x. 

G-

AV+FL 

G-AV 

Av 

Fl 
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(a)                          (b)                    (c) 

   

(a)                           (b)                    (c) 

   

(a)                           (b)                    (c) 

Figure 8. Morphology of deep seawater granules using Lactose as filler (G-Lact); Lactose with Florite® 10% (G-

Lact+Fl); and Lactose (Lact) powder using magnification of (a) 200 x; (b) ) 1.000 x; and (c) 10.000 x 

   
(a)                           (b)                    (c) 

   

(a)                           (b)                    (c) 

G-Lact 

G-Lact+Fl 

Lact 

G-Av (RT) 

G-Av (CC) 
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(a)                           (b)                    (c) 

   

(a)                           (b)                    (c) 

Figure 9. Morphology of deep seawater granules after 5 months of stability study from granule using Avicel as 

filler (G-Av); Avicel® with Florite® 10% (G-Av+Fl); at room temperature (RT) and at climatic chamber (CC) 

using magnification of (a) 200 x; (b) ) 1.000 x; and (c) 10.000. 

3. Discussion 

Analysis of Quality Parameters and Contaminants 

a. Physical Parameters 

Physical parameter testing is crucial to determine the quality of the sample and can be used as 

preliminary visual screening. Physical characteristics of the deep seawater concentrate were con-

ducted on both the sample from Madura seawater and marketed concentrate water as standard (Ta-

ble 1). As parameters, the quality standard to be examined were those which used as quality criteria 

for drinking water and seawater [16,17].  

Color testing using spectrophotometry revealed that the sample of seawater concentrate from 

Madura had a Pt/Co scale value of 333, while that of marketed product was 570. Higher Pt/Co scale 

values indicate greater water turbidity or color intensity, often attributed to high organic content [21]. 

Both samples exceeded the permitted quality requirements range for drinking water (Pt/Co scale 

value of 15) and demonstrated more intense turbidity due to more concentrated seawater thus higher 

content of minerals and other chemical components.  

Upon organoleptic examination, Madura’s seawater concentrate displayed a distinct aroma 

which may attributed to higher salt after many of coacervation during concentration process. The 

marketed product from seawater mineral also possessed a faint odor, albeit less pronounced com-

pared to that from Madura’s seawater.  

In terms of total suspended solids (TSS) analysis by gravimetric method, it was found that both 

Madura’s seawater and the marketed product exhibited values of < 7.7. This suggests that TSS in both 

samples which comprise as solid particle impurities like mud, dust, organic substances, and dis-

solved particles were within the acceptable range for drinking water standards. 

b. Chemical Parameters 

Chemical parameter testing was conducted to assess the quality of the samples. Due to lack of 

compendial standard, the parameter of quality to be examined were basen on those which used as 

for drinking water and seawater [16,17].  

Based on their chemical characteristics (Table 2) it was found that the pH of both Madura sea-

water and the marketed product seawater mineral were in the range of permissible value for drinking 

G-Av+Fl(CC) 

G-Av+Fl(RT) 
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water standards. The pH of seawater is influenced by its carbon dioxide content, which generates 

carbonate and bicarbonate ions, releasing hydrogen ions and consequently increasing the seawater’s 

pH. However, during the evaporation process, most of the alkaline components—such as carbonate 

and bicarbonate ions—evaporate into calcium carbonate. This leads to a lower pH in the seawater 

concentrate compared to natural seawater [2]. 

The salinity value of Madura seawater concentrate was 311%, while marketed product was 

283%. High salinity value of both samples was due to the evaporation process, which led to an in-

crease in salt concentration containing minerals such as magnesium and potassium [22]. This process 

also affects the Baumé degree, which influences the density of the fluid with a linear relationship. 

Higher Baume degree resulted in higher salinity [1]. 

The dissolved oxygen content of Madura seawater concentrate had a value of 2.1 mg/L, while 

that of the marketed product was 3.1 mg/L. However, both samples had the DO levels below the 

permissible range of at least 6 mg/L. This can be attributed to the evaporation process during pro-

duction of the concentrate, which cause a decrease in oxygen levels as dissolved oxygen molecules 

bound to water can also evaporate. As shown in previous data, evaporation process also affected the 

salinity values of the samples, to which higher salinity leads to decreased solubility of dissolved ox-

ygen [23]. Biological oxygen demand (BOD) value of Madura seawater was 304 mg/L, which obvi-

ously did not meet the permissible quality standard of 2 mg/L. The discrepancy could be attributed 

to the evaporation process, which elevates the BOD value. As water evaporates, it leaves all the con-

taining mineral behind to be more concentrated, thereby increasing the concentration of residual mat-

ter. Additionally, evaporation contributes to higher salinity levels, resulting in reduced dissolved 

oxygen content. The reduction in oxygen availability hence can elevate BOD levels, as decomposer 

organisms require oxygen to degrade organic matter [24].  

The results indicated that Ammonia level in both samples were below the maximum value of 

1.5 mg/L (according to Indonesia’s Minister of Health Regulation No. 492/2010 regarding Drinking 

Water Quality Requirements). The ammonia level in Madura seawater was lower than that of the 

marketed product. High level of ammonia can lead to unpleasant odors of water due to contaminants 

such as organic waste and chemicals. Furthermore, it can disrupt the digestive system, causing symp-

toms like nausea, abdominal pain, and diarrhea. Therefore, level of ammonia can be emphasized as 

one of the important factor in maintaining water quality to be within permissible limits [25].  

Phosphate level of Madura seawater had a value within the acceptable drinking water quality 

standard, which must be below 0.2 mg/L. It exhibited lower phosphate level (0.096 mg/L), even when 

compared to the marketed product seawater which was 0.23 mg/L. A low level of phosphate signifies 

better water quality as phosphate is considered as a crucial nutrient compound that significantly im-

pacts water productivity. In aquatic environments, phosphorus exists in the form of dissolved inor-

ganic compounds, namely orthophosphate and polyphosphate. Elevated phosphate levels can trigger 

eutrophication and uncontrolled algae proliferation, leading to the release of algal toxins that pose 

health risks to both humans and animals [26]. 

The results of nitrate level determination from both samples showed that their values were less 

than the allowable drinking water quality standard, which must be less than 10 mg/L. Nitrate is a 

nutrient that supports protein synthesis in animals and plants. When the concentration exceeds 0.2 

mg/L, it can lead to eutrophication and algae blooming which will impact the ecosystem biodiversity 

and water quality. Biochemical processes resulted from the oxidation of nitrogen compounds can 

influence nitrate level in water. Nitrate level can also be influenced by factors such as pH, tempera-

ture, dissolved oxygen, and salinity [27]. Nitrite is an intermediate form between ammonia and ni-

trate that quickly converts to more stable form of nitrate. Nitrite level of Madura seawater was 0.0047 

mg/L, while that of marketed product was 0.004 mg/L. which are in the range of allowable drinking 

water quality standard. In natural water bodies, nitrite levels are generally low due to the presence 

of oxygen, which stabilizes its properties. Nitrite is toxic because it prevents oxygen from being trans-

ported when bound to hemoglobin in the blood, making it an important parameter in determining 
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seawater quality. Several factors influencing nitrite levels in water are including temperature, light-

ing, microbial activity, and the biochemical balance present in the aquatic ecosystem [28]. 

Based on cyanide level testing, both samples comply with the permissible drinking water quality 

standard of less than 0.02 mg/L. Cyanide is a highly toxic non-metal compound that can significantly 

impact the health of marine organisms. Sources of cyanide include industrial waste and illegal fishing 

practices that use cyanide, both of which can severely damage marine life and even cause death. 

Factors influencing cyanide levels in aquatic environments include human activities involving cya-

nide (i.e., industrial discharges) and environmental factors (e.g., pH and temperature) that affect cy-

anide solubility. Cyanide exposure can lead to fatal poisoning, with risks of transmission through the 

consumption of seafood from contaminated marine organisms.[19,29]. 

Madura seawater concentrate sample showed a sulfide concentration of 0.011 mg/L, while the 

marketed seawater product exhibited a lower concentration (<0.005 mg/L). Hydrogen sulfide is a nat-

ural gas produced by the decomposition of organic materials containing metals by anaerobic bacteria. 

Hydrogen sulfide levels in aquatic environments increase when organic matter content is higher thus 

decrease the dissolved oxygen levels [30]. Madura seawater revealed higher level of sulfide which 

mean that the surrounding area of sample contained more organic living materials than that of mar-

keted seawater area. Nevertheless, both samples had sulfide levels within the permissible limits for 

drinking water as specified by WHO, which is less than 0.05 mg/L. Levels of hydrogen sulfide ex-

ceeding 0.05 mg/L can be identified by a distinctive odor and taste, similar to that of rotten eggs. 

Hydrocarbon pollution in aquatic environments can arise from offshore oil production and 

transportation, waste disposal, oil spills, and biomass burning. While certain hydrocarbons can be 

biogenically produced by bacteria or through the natural chemical degradation of lipids, petrogenic 

sources often serve as the primary contributors to hydrocarbon pollution in coastal regions [31]. Total 

hydrocarbon level test measured by using gas chromatography method showed that the Madura 

seawater sample exhibited total hydrocarbon levels as much as than 0.79 mg/L, which is within the 

permissible limits for surface water as set by the WHO, which is 10 mg/L. It can be concluded that 

seashore area of Madura can provide the deep seawater with good quality from point of view hydro-

carbon pollution. 

Total phenol compound testing using the continuous flow analyzer (CFA) method on sampel of 

Madura seawater concentrate found that total phenol concentration was 0.0016 mg/L. This level was 

in the range of permissible drinking water quality standard which must be less than 0.002 mg/L. The 

general toxicity threshold for phenol ranges from 9 to 25 mg/L for both humans and aquatic life. 

Phenolic compounds are organic substances that can be widely distributed in natural aquatic envi-

ronments. These compounds tend to persist in the environment for extended periods and exhibit 

toxic effects. The presence of phenolic compounds in water can be as result from several factors in-

cluding : natural sources where phenolic compounds were formed through biochemical processes in 

marine environments, as well as human activities that contribute to waste disposal and oil pollution 

[32]. 

Surfactant (detergent) level of both samples exhibited values over the water quality standard 

(0.02 mg/L). The seawater concentrate sample from Madura showed a surfactant level of 1.8 mg/L, 

while that from the market product displayed a higher level (2.9 mg/L). Detergents, comprised 

mainly of synthetic organic chemicals known as surfactants, possess cleansing properties and are 

generally considered xenobiotic, featuring polar head groups and non-polar tails. The presence of 

detergents in water can lead to eutrophication, foam production, toxic effects on aquatic fauna, and 

a decline in water quality. Moreover, detergents can induce poisoning and irritation of the eyes and 

skin in humans [33]. The elevated surfactant levels are likely attributable to factors such as waste 

discharge from human activities near the seawater sampling site. 

The presence of oil and fat in natural water will interfere with biological life in surface and create 

unsightly film. It will spread over the surface in a thin layer and block the oxygen which needed by 

plants and animals living in the water. Film layer formation impedes gas diffusion and photosynthe-

sis, resulting in unpleasant odors and hazardous gases, while oil emulsions can obstruct the 
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respiratory systems of aquatic biota and organisms on the sea body [34]. The quality standard of oil 

and fat level in drinking water is less than 0.2 mg/L. The seawater concentrate from Madura demon-

strated an oil and fat level of < 0.11 mg/L, thus it is in the range of requirement level. 

c. Biological Parameters 

Biological parameter testing is essential to evaluate the quality of water focusing on two key 

parameters: fecal coliform and total coliform (Table 3). Upon conducting fecal coliform testing, it was 

found that both samples failed to meet the drinking water quality standard (0 per 100 ml of sample) 

accoring to Indonesia’s Minister of Health Regulation No. 492/2019 regarding Drinking Water Qual-

ity Requirements. Both the seawater concentrate sample from Madura and the marketed product 

exhibited fecal coliform bacterial counts of < 10 CFU. The World Health Organization (WHO) estab-

lished the risk of disease from drinking water based on the category of indicator organisms measured 

in 100 ml of water sample. In this context, the presence of 1–10 fecal coliforms indicates as low risk 

[35]. The seawater concentrate sample from Madura, is a natural material that has not undergone 

microbial reduction or elimination process. Thus, it is imperative to incorporate microbial reduction 

or elimination during manufacturing processes. This can be achieved by adding antimicrobial agents 

or conducting sterilization procedures on raw materials of the seawater concentrate to ensure that 

the fecal coliform quality parameter aligns with permissible drinking water standards. 

Total coliform count of both samples exhibited values that fail to meet the drinking water quality 

standard (0 per 100 ml of the sample) according to Indonesia’s Minister of Health Regulation No. 

492/2019 concerning Drinking Water Quality Requirements. Total coliforms encompass organisms 

capable of thriving and reproducing in water, comprising various types of gram-negative aerobic and 

facultative anaerobic bacilli that do not produce spores. They can originated from fecal matter or 

surrounding water body. While total coliforms generally do not induce illnesses, their presence sig-

nifies bacterial proliferation [36]. The detection of total coliforms underscores the necessity for steri-

lization procedures or the introduction of antimicrobials to the seawater concentrate of Madura, to 

ensure compliance with the drinking water quality standard. Other alternative is to find deeper spot 

of water collection to which fecal matter from daily life waste will not pollute the waterbody. 

The deep seawater mineral concentrate currently lacks of standard or quality guideline. Hence, 

when quality parameters of drinking water outlined by the National Standardization Agency (SNI) 

has been employed, several parameters fall short due to the influence of the evaporation process 

during seawater concentrate production. These parameters include color, the Pt/Co scale value, dis-

tinctive odor, salinity, dissolved oxygen, BOD, pH, total phenol, surfactants, fecal coliform as well as 

total coliform.  

Quantitative Chemical Analysis of Deep Seawater Concentrate 

The analysis of deep seawater concentrates were conducted using XRF (X-Ray Fluorescence) and 

ICP-OES (Inductively Coupled Plasma–Optical Emission Spectrometry) methods due to their capa-

bility of simultaneous multi-element detection, detection speed, and high sensitivity and wide detec-

tion range [37–39]. The results from these two instruments were compared to study the ease and 

sensitivity to be used in mineral content analysis. The results indicated that the seawater concentrate 

either from Madura or as marketed products contained the major component of Magnesium (Mg), 

Chloride (Cl), Potassium (K), Calcium (Ca), Sodium (Na), and Boron (B) (Table 4). 

The difference between mineral content detected from marketed products compared with deep 

seawater from Madura when analized by using XRF and ICP-OES either in qualtitative or quantities 

of the elements was contributed to the variation in sample treatment between XRF and ICP-OES anal-

ysis. In XRF method, the samples do not need to undergo destruction due to its capability to analyze 

both solid and liquid samples without prior destruction or dissolution. However, this can result in a 

higher matrix effect, which potentially affecting the results [37]. Seawater concentrate, which was 

formerly processed into a concentrated form, can precipitate salts during storage [40]. ICP-OES anal-

ysis cannot be conducted directly into solid samples. The sample must be dissolved, requiring the 

digestion of solids with acid [5]. Mostly, aqua regia—consisting of HNO3 and HCl in a 1:3 ratio—has 

been used for this purpose. Acid digestion can alter the form of elements which some of them are not 
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easily soluble or ionized. It can break down the complex compounds or minerals, releasing the ele-

ments [5]. The differences in sample treatment and the matrix composition of the sample of XRF and 

ICP-OES analyses can affect the results potentially leading to discrepancies between the outcomes. 

XRF can detect greater number of elements than ICP-OES. However, in terms of trace elements, ICP-

OES demonstrates the ability to detect elements at lower concentrations, ranging from 0.0365 to 

18625.8 mg/L, whereas XRF operates within a higher detection range, from 6.61 to 188319 mg/L. In 

contrast, for detection of broader range of elements with higher concentrations, the XRF method is 

more suitable.  

Based on the data, the Madura seawater concentrate contained mineral which are essential for 

supplement including major content of magnesium (Mg), chloride (Cl), potassium (K), calcium (Ca), 

iron (Fe), copper (Cu), and sodium (Na) in the amount which meet the requirements for mineral daily 

intake as multivitamin supplement. Furthermore, heavy metals such as mercury (Hg), lead (Pb), cad-

mium (Cd), and arsenic (As) were not detected from Madura seawater concentrate, indicating its 

safety in terms of raw materials for multivitamin supplement.  

Formulation and Stability Study of Deep Seawater Granules using Different Types of Fillers 

Seawater concentrate is concentrated liquid of deep seawater rich in minerals needed for sup-

plement/multivitamin. In terms of stability, raw materials of pharmaceutical dosage forms will be 

better in solid form either as powders or granules because not only of being stable, but it also provide 

other advantages, namely ease in practical use, handling and distribution. The deepsea water as raw 

materials for multivitamins, most of which are minerals, had been changed from a liquid to solid in 

the form of granules. The method of drying and stabilizing the granules during time of storage be-

came the biggest challenge. Previous research has proven that high mineral content will make solid 

preparations to be hygroscopic. To overcome this problem, it is necessary to select the optimum dil-

uent and dessicant/drying agent. Lactose has been used as filler for the reason of affordable price to 

reduce production unit costs while microcrystalline cellulose was expected to provide better drying 

capability. The study on multifactor influencing granule’s stability had been elaborated to provide 

comprehensive data on developing granule of deep seawater as raw material for multivitamin.  

Upon formulation, evaluation on the flow rate of all granules exhibited good flow properties 

(exceeding 10 g/s flow rates, Figure 1 a). Among others formulation, Lactose granules (G-Lact) re-

vealed highest flowability which due to bigger particle size compared that with Microcrystalline Cel-

lulose (Avicel PH 102). The result was inline with the previous finding that big particle size exhibit 

better flowability [41].  

In contrast, Angle of Repose determination exhibited better flowability of Avicel granules com-

pared with those using Lactose as filler (Figure 1.b). The small values of Angle of repose from Lactose 

granules were attributed to the hygroscopic nature of the material, which causes the granules to ab-

sorb moisture from the air and stick together in the funnel [42,43]. Flowability were increase as meas-

ured by smaller values of Angles to less than 25 after addition of Florite as dying agent. The findings 

supported previous study which found that moisture contents coats the particles to enhance the stick-

ing ability thus increase particle interaction and large angle of repose.  

Based on the compressibility/Carr’s index results shown in Figure 1c, all formulations exhibited 

good compressibility values ranging from 5 to 20%, except for G-Av (25.71%). Compressibility refers 

to the ability of a material to reduce in volume under certain pressure [44]. Formula G-Av had smaller 

granule sizes compared to others. Granule size affects the compressibility; smaller granules tend to 

have higher compressibility percentages, while larger one will exhibit lower percentages [45]. 

The production of granules requires consideration of stability and ease in distribution. To en-

hance the stability, desiccant is essentially needed to counteract the hygroscopic nature of the mineral 

content in granules. In this experiment, Florite® was employed as the desiccant at concentration of 

10%. It is a synthetic calcium silicate with outstanding liquid absorption capability up to approxi-

mately five times its weight. It is also reported to have compressibility improvement properties [46]. 

Stability of formula G-Av, G-Av+Fl, and G-Lact+Fl granules at room temperature remained sta-

ble, while formula G-Lact melted at the third days of storage. Granules using Avicel® as a filler (G-
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Av and G-Av+Fl) demonstrated good stability until five months of storage either at room temperature 

(Figure 2a) or during stress stability at climatic chamber (Figure. 2b). As addition to serve as filler, 

Avicel® also provided the adsorbent capability thus reducing hygroscopic properties [47,48].  

Accordingly, the granule formula using lactose as fillers G-Lact and G-Lact+Fl (lactose filler and 

Florite as a dessicant) in the first month had been melted thus cannot continue the stability testing 

(Figures 2a and 2b). At early stage of in process evaluation, G-Lact granules had been obtained and 

was more hygroscopic compared to G-Lact+Fl granules, meaning that Florite affected the hygroscopic 

properties of the resulting granules. Nevertheless, these granules could not survive and liquified at 

two weeks of storage. It can be concluded that the type of filler had more dominant influence on the 

formulation than the desiccant. 

The results indicated that Avicel® as model of Mycrocrystalline cellulose derivate can effectively 

maintain the stability and quality of the higroscopic granules with high mineral content of seawater 

concentrate. Thus the moisture protection of deepsea water in form of solid material (granule) have 

been successfully developed 

Thermal Behavior Analysis of Granules by DSC Testing 

Differential scanning calorimetry (DSC) testing aims to observe the melting point shift and the 

transition point of the sample. DSC can also be used as a parameter for stability testing [49]. The 

thermal analysis of deep seawater granule formulations—including Avicel® granules (G-Av), Avi-

cel® granules with Florite® 10% (G-Av+Fl), lactose granules (G-Lact), and lactose granules with 

Florite® 10% (G-Lact+Fl)—were conducted by using DSC (Figure 3). The results in Figure 3 showed 

that addition of drying agent (Florite®) had improve the melting point of the granule to become 

higher. Notably, there are differences in the melting peaks between granule with Lactose and those 

with Avicel as filler. This shift in melting point correlated with enhanced stability of the granules 

containing Florite® 10% showing greater thermal stability. Similarly, differences in thermal transition 

points were observed in lactose granules (G-Lact) and lactose granules with Florite® (G-Lact+Fl), 

indicating that the addition of Florite® positively impacted the stability of the granules. Melting point 

of Florite is 1.540oC; Lactose is 201-202oC , and Avicel® is 260 -270oC [50,51]. 

The distinct differences in the thermal behavior of the two formulations (Figure. 4a and 4b) was 

due to different physical properties of Lactose (crystalline) and Avicel/Microcryastalline Cellulose 

(semicrystalline). This hypothesis will be discussed XRD analysis section. During stability study, Av-

icel® granules (G-Av) and Avicel® granules with Florite® (G-Av+Fl) showed more robust formula-

tion suggesting that the type of filler highly influenced the stability of the granules. Granules with 

lactose as filler could not stand the stability testing and begun to melt on the second week of storage, 

thus further observation on stability testing could not be continued (Figure. 4a). Hygroscopic prop-

erties of lactose granules was not only due to chemical property of lactose but also larger particle size 

and porosity of the granule. The granules using Avicel PH 102 as filler were successfully revealed the 

good stability until five months of storage by showing similarly difractogram either in room temper-

ature or climatic chamber. Slight shift of melting points were found when comparing formulation 

using Florite as drying agent with that without it. 

XRD Analysis 

The purpose of using XRD analysis is to identify crystalline phases within the material [52,53].  

Based on the x-ray diffraction patterns of the mineral granules with various fillers and Florite® as 

drying agent, it was evident that the peak intensities were apparently differ among the samples. Lac-

tose granules and lactose granules with Florite® 10% exhibited sharp and high diffraction peaks due 

to crystalline property of lactose as filler. In contrast, Avicel® granules and Avicel® granules with 

Florite® 10% addition, as well as Avicel® powder displayed less pronounced crystalline patterns 

(Figures 5 and 6b). The diffraction pattern of Avicel® was characterized by its microcrystalline struc-

ture, resulting in broad peaks due to its low crystallinity [54]. Notably, the addition of Florite® 10% 

to the mineral granules did not alter the crystalline form of the filler as exhibited by lactose (Figure. 

6a). Thus, the granules failed in stability study which were performed for five months of storage. The 

results were inline with previous data on LoD and DSC thermogram (Figures 2 and 4). In conclusion, 
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the formulation of moisture resistant granules containing deep seawater which physically stabile 

were succesfully developed by using Avicel PH 102 as filler either by addition or not of dessicant/dry-

ing agent. 

Study on Morphology and Surface Particles by Using Scanning Electron Microscopy (SEM) 

SEM analysis were conducted to characterize the morphology and structure of the deep seawater 

granules. SEM also aids in determining the structure and homogeneity of particles [55]. Based on the 

morphological observations of granules with Avicel® as filler, and Avicel® granules with Florite® 

10% addition, it was found that Avicel® granules with addition of Florite exhibited a more porous 

morphology compared to other formulations (Figure 7) resulted in increased LoD (Figure 2a) as well 

as higher melting points either in Avicel or Lactose filler formulations (Figure 3).  

The morphological analysis of granules with lactose as filler revealed that the granules with 

Florite® 10% addition were physically improved in morphology compared with that without drying 

agent. Lactose powder typically appear as heterogeneous flakes, whereas at day of formulation, the 

granules with lactose filler exhibited a dense, non-porous texture. Few hours after granulation, the 

stability problem arose and they inherently became hygroscopic (G-lact, Figure 8), leading to melted 

particle. With Florite addition as drying agent, the granules were more stable, showing a porous par-

ticle morphology. In term of hygroscopicity, porous morphology tends to be more adsorptive due to 

its larger surface area to interact with surrounding molecules. Materials with porous morphology can 

absorb and retain moisture more efficiently [56]. Nevertheless, adsoprtive property of drying agent 

at 10% concentration was not strong enough to stabilize higroscopic nature of Lactose, thus these 

formulations failed in stability study which was performed for five months of storage. Based on sta-

bility testing, the finding of this study was that deep seawater concentrate can be produced into gran-

ules by employing Avicel® as fillers (Figure 9). The addition of Florite® 10% as drying agent was the 

most favorable outcomes due to more individualized particle after the study either at room temper-

ature or climatic chamber (Figure 9). 

4. Materials and Methods 

4.1. Deep Seawater Concentrate Production 

The production of deep seawater concentrate involved a natural evaporation process conducted 

within greenhouse salt ponds. Initially, seawater with a density ranging between 3–4°Bé was trans-

ferred to a containment pond until it attained a density of 5°Bé. Subsequently, it underwent a series 

of stages: passing through salt channels until achieving a density of 7°Bé, flowing onto salt tables 

until reaching a density of 27°Bé, and finally, being left until salt deposition occurs at a density of 

32°Bé. The transformation of seawater into salt deposits typically spans around 40 days. Following 

this, the supernatant was drained until reach a density of 35°Bé, and the deposition of sodium until 

a density of 36°Bé was attained, thus yielding seawater concentrate [2]. 

4.2. Determination of Quality Parameters from Deepsea Water Concentrate 

4.2.1. Physical Parameters 

The determination of the quality of the samples (deep seawater from Madura, Indonesia and 

that from marketed product as standard) based on physical parameters were including color, odor 

and total suspended solid. Color parameter standard was conducted following the Indonesian Na-

tional Standard (SNI) No. 6989.80.2011 on Water and Wastewater, utilizing the spectrophotometric 

color testing method at wavelengths between 450 and 465 nm. Total suspended solids analysis was 

carried out by the gravimetric method as outlined in SNI 06-6989.3-2004 on Water and Wastewater - 

Part 3: Gravimetric Testing Method for Total Suspended Solids (TSS). 

4.2.2. Chemical Parameters 

The pH analysis was conducted by using ion analyzer. The salinity of the samples were analyzed 

by employing a salt meter. Total dissolved oxygen levels in the samples were assessed through elec-

trometric analysis. BOD (Biological Oxygen Demand) analysis was conducted based on SNI standard 
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No. 6989.72:2009 utilizing titrimetric method. The Ammonia level in the samples were analyzed 

based on the guidelines in SNI 19-6964.3-2003 by using Indophenol Blue Spectrophotometry, at ab-

sorbance wavelength of 640 nm. Phosphate levels were analyzed based on the protocols outlined in 

SNI No. 06-6989.31-2005 on Water and Wastewater: by Employing Ascorbic Acid Spectrophotometry 

at wavelength of 880 nm. Nitrate analysis complied with the standards outlined in SNI 19-6964-7-

2003 utilizing Cadmium Reduction Spectrophotometry at wavelength of 543 nm. Total nitrite analy-

sis followed the procedures outlined in SNI 19-6989.9-2004 by Spectrophotometry Utilizing Sulfanil-

amide, at a wavelength of 543 nm. Total cyanide analysis was conducted by using ion analyzer 

method. Sulfide analysis was conducted based on SNI 19-6964.4-2003 regarding Seawater Quality by 

Methylene Blue Spectrophotometry at 670 nm. Total hydrocarbon analysis was carried out using the 

GC-MS (Gas Chromatography Mass Spectrometry) method, as stipulated by the US EPA (Environ-

mental Protection Agency) 5030 & 5035 regulations from 2003. Analysis on total phenolic compounds 

was performed using the CFA (Continuous Flow Analyzer) method. Level of Surfactant in the sam-

ples were analyzed following the standards set by SNI 06-6989.51-2005 for Testing Anionic Surfactant 

Content by Methylene Blue Spectrophotometry, at wavelength of 652 nm. Oil and fat analysis were 

conducted by using FTIR (Fourier-transform infrared spectroscopy). 

4.2.3. Biological Parameters 

Coliform analysis was conducted following the guidelines outlined in the 23rd edition of the 

APHA (American Public Health Association) Standard Methods for the Examination of Water and 

Waste Water. Total coliform analysis adhered to procedure 9222 B, detailing the Standard Procedure 

for Total Coliform Membrane Filtration Using Endo Media, while fecal coliform analysis followed 

procedure 9222 D, which pertained to the Thermotolerant (Fecal Coliform) Procedure with Mem-

brane Filter. 

4.3. Chemical Content Analysis of Deep Seawater Concentrates 

Chemical contents of deep seawater samples were analyzed by using XRF (X-Ray Fluorescence) 

(Rigaku Nex CG®). The tests were conducted by adjusting the helium gas at flow rate 0.66 L/minute 

with a pressure of 10–15 psi. Before analysis, the XRF instrument was calibrated using an “MCA 

calibration sample” [57].  

Chemical content of the samples were also analized by ICP-OES  (Inductively Coupled Plasma–

Optical Emission Spectrometry) (Agilent 700 Series ICP-OES®). The calibration was performed using 

pre-prepared calibration solutions. Samples underwent destruction beforehand due to their propen-

sity for precipitation and the instrument’s sensitivity. Standard solutions for each element under 

analysis were prepared initially. Following the completion of testing with ICP-OES, the results from 

both XRF and ICP-OES analyses were compared [58].  

4.4. Production of Deep Seawater Granules 

4.4.1. Formulation of Deep Seawater Granules 

The granules were formulated by using two types of fillers to which Lactose and Microcrystal-

line celullulose (Avicel® PH 102) either by using Florite as dessicant/drying agent or not. The formula 

of the granules shown in Table 5. The granules were prepared in Fluid bed Dryer by spraying Deep 

seawater concentrate containing Amylum 10% as binder into the filler powder. After finishing the 

spraying process, the granules were dried for 15 minutes, Florite® was added as dessicant and were 

ready for furhter process including physical evaluation and stability study. 

Table 5. Formula for Deep Seawater Granules. 

No Formula Filler Desiccant Binder (%) 

1 G-AV 
Avicel® PH 

102 
- Amylum 10 
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2 G-Av- Fl 
Avicel® PH 

102 
Floritis® Amylum 10 

3 G-Lact Lactose - Amylum 10 

4 G-Lact-Fl Lactose Floritis® Amylum 10 

4.4.2. Evaluation of Granules 

a. Organoleptic Evaluation 

The mineral granules underwent organoleptic evaluation, including assessments of color and 

shape. Additionally, the granules were exposed to open air to ascertain their stability. 

b. Flow Properties Evaluation 

Granule as much as 25 gram was passed through a flow tester, and the time taken for the sample 

to flow was recorded. 

c. Angle of Repose 

Granule sample was carefully poured into a flow tester. Upon opening the bottom part, the ra-

dius (r) and height (h) of the powder heap were measured and caculated using the following formula. 

𝑡𝑎𝑛 𝜃 =
𝐻𝑒𝑖𝑔ℎ𝑡 (ℎ) 

𝑅𝑎𝑑𝑖𝑢𝑠 (𝑟)
 

d. Compressibility/Carr’s Index 

Compressibility characterizes the material’s capacity to decrease in volume under pressure, with 

optimal compressibility falling within the 5–20% range [59]. The compressibility factor was calculated 

using the following formula. 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑇𝑟𝑢𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
× 100% 

e. Loss on Drying (LoD) 

One gram of granule was placed into a moisture balance apparatus. The apparatus was set to a 

temperature of 105°C until constant weight was obtained. The results were observed on the screen 

upon completion. Regular checks were conducted every month over 5 month [60]. 

f. Content Analysis with ICP-OES 

In the analysis employing ICP-OES (Agilent 700 Series ICP-OES®), calibration was meticulously 

conducted using readily available calibration solutions. Granules earmarked for analysis underwent 

prior disintegration due to their susceptibility to precipitation, given the instrument’s sensitivity. 

Standard solutions for each element were prepared beforehand, paving the way for subsequent sam-

ple testing [58].  

g. Stability Testing  

The physical stability tests of the granules were carried out for 5 months using climatic chamber 

(40±2°C, RH 75±5%) and at room temperature (25±2°C, RH 70±5%). To evaluate moisture protection 

ability of the system, physical stability testing of granules were performed including organoleptics, 

LoD, DSC, XRD and SEM [61]. 

h. Quality Parameter Testing of Granules Using Instruments 

Advance characterization on granules were conducted by evaluation of thermal behaviour using 

DSC, crystallinity by XRD and morphology by SEM pictures. Differential scanning calorimetry (DSC) 

can be used to measure changes in enthalphy due to changes in the physical and chemical properties 

of a sample. The principle of Differential Scanning Calorimetry (DSC) is to measure the difference in 

heat flow between a sample and a reference as the temperature changes. The DSC testing in this study 

(Shimadzu 60A plus) was conducted by putting the sample (5-10 mg) into the crimping (sample pan) 

and the nitrogen and oxygen gas base were also turned on. The difference in heat flow between the 

sample and the reference were noted as the temperature changes.  

The resulting data was plotted as a function of temperature, which results in a DSC curve [62]. 

Determination of the powder X-ray diffraction (Malvern Panalytical's) pattern of the granules 

were recorded using a Cu anode X-ray tube, the generator voltage and current were 40 kV and 30 

mA with an angle of 2θ in increments of 2 ̊C/min. [63]. 
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SEM (Scanning Electron Microscopy) study of the granule used an electron microscope (JED-

2300 Analysis Station) for viewing the morphology of the surface of the granules. The working prin-

ciple of SEM is that the sample is placed at the bottom of the electron column.  The electrons in the 

sample are scattered and captured by the electron detector. Photomultipliers convert voltage signals 

into images on PC screens. The magnification used in this test were 200x, 1,000x and 10,000x magni-

fication [64].  

5. Conclusions 

Madura deep seawater concentrate contained magnesium (Mg), chloride (Cl), potassium (K), 

calcium (Ca), iron (Fe), copper (Cu), and sodium (Na) and was potential sources to as be used mineral 

source in the development of multivitamins preparation. Standardization study from this spot had 

been conducted and revealed that it was fulfill most requirement of drinking water defined by the 

2016 Marine Water Quality Monitoring report by Indonesia’s Ministry of Environment and Forestry, 

as preliminary standard for pharmaceutical excipients.  

The formulation of deep seawater into granule had been successfully conducted and it can be 

concluded that Avicel PH 102 (as derivate of microcrystalline cellulose) was the most potential filler 

to provide good properties and stability of the granule., in term of moisture protection of highly hy-

groscopic granules. The addition Flourite as powder dryer has improved the physical properties of 

the granules. 
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