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Abstract. The purpose of this study was to investigate the proximate characteristics found of
nano-calcium in shells of blood cockle (Anadara granosa liin) in four different areas, namely
Kenjeran, Surabaya; Gresik Regency; Sedati District, Sidoarjo Regency; and Bluru District,
Sidoarjo Regency. The parameters used were yields, proximate analysis and mineral content of
calcium (Ca) and lead (Pb). The results showed that the nano-calcium in blood cockle shell
from Kenjeran, Surabaya, had the lowest yield value of 0.2448 grams. The highest proximate
result of ash content was found in the shell of the cockle from Bluru, as much as 53.46%.

1. Introduction

The problem of calcium deficiency in human body is because the available calcium is in the size of
micro calcium which is not optimally absorbed by the body. This may lead to calcium deficiency that
results in a variety of symptoms on bone, teeth, blood, nerves, and body metabolism (Tongchan et al.,
2009). Therefore, we need the technology of size reduction, which is in the form of nanotechnology.
Nanotechnology can create calcium in a very small size (10-1000 nm). Nano calcium can be directly
absorbed by the body perfectly, making it more efficient than the calcium currently consumed
publicly. Minimizing the size of the calcium minerals into nano (10-9 m) with nano-blend technology
will make the absorption directly by the cells more perfect (Suptijah 2009). Nano calcium is more
stable so it can be used specifically on the cell layer, spreads via the lymphatic system, high
bioavailability, and has low toxicity. The process in the body occurs slowly so that the dose becomes
low and the frequency of consumption becomes rare, and can also be aimed at the body's immune
system.

Valentina et al. (2014) revealed that the intake of calcium and vitamin D in Indonesian children
was lower than the Nutrition Adequacy Rate (NAR). In addition, based on the results of osteoporosis
risk data analysis by the Nutrition Research Center, the Ministry of Health, 2 out of 5 people of
Indonesia have the risk of osteoporosis. This is also supported by the Indonesian White Paper issued
by the Association of Osteoporosis Indonesia in 2007. Osteoporosis in women over 50 years reached
32.3%, while in men over 50 years reached 28.8% (Kemenkes 2009).

Utilization of invertebrate waste (crustaceans), as an animal-compatible source of calcium for
calcium supplements using nano-blend technology, is a viable breakthrough. Sea-cockle shells can be
converted into nano-sized calcium minerals that can be utilized in various fields, such as for
fortification of calcium in food and in clean water handling efforts to be used as filter media.
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One of the aquatic animals as a source of calcium to be studied was the shell of shellfish, the blood
cockle (Anadara granosa Linn), which is one type of molluscs with high economic value and widely
used by the community as a source of alternative food. The sources of calcium supplements are
currently imported, while natural sources of calcium are found in marine animals, especially in hard-
skinned shells, such as crabs and shrimp.

The production of this blood cockle shell has increased every year. However, this increase was not
accompanied by the utilization of its waste which amounted to 88.90 tons in 2013 as compared to
2008 which was only 67.90 tons (Directorate General of Capture Fisheries, 2013; Fisheries and
Marine Fisheries Statistics In Figures 2013).

Waste of shellfish contains a chemical pozzolanic compound, the lime (CaO) as much as 98.7.
(Zuki Abu Bakar Zakaria, 2004). The content of lime in blood cockle is higher than that in barnacle or
shrimp. Crustacean crust waste contains 30-40% protein, 30-50% calcium carbonate, and 20-30%
chitine (Arbia et al., 2013).

Research on the utilization of limestone in the shells of marine animals has been aimed at local
flour production (Wardani, 2009), nano calcium manufacture from local barnacle (Pilisbryoconcha
exilis) by Khoerunnisa (2011 in Vanessa Lekanena et al. 2014), nano calcium production from crab
shell (Portunus sp.) by lis Setyani Minarty (2012), nano calcium production from vannamei shrimp
(Litopenaeus vannamei) by Suptijah (2012) or tilapia bone (Vanessa Lekanena et al 2014). Shell of
shrimp and crabs should be processed into chitin since the dominant content is chitin. This is different
from blood cockle shell that has no chitin content, but high calcium content (Wardani, 2009).
Applications of nanotechnology in the food sector include enhanced flavor, color, texture and
consistency of food products, enhanced absorption and bioavailability of nutrients and bioactive
compounds (Greiner 2009).

The precipitation method is a bottom-up approach technigue. In the precipitation method the active
substance is dissolved into the solvent, then added with another solution which is not solvent (anti-
solvent). This causes the solution to become saturated and rapid nucleation occurs to form
nanoparticles (Kenth 2009). The advantages of this method are simple and low cost (Gulsun et al.,
2009). The disadvantage of this method is that the nanoparticles formed must be stabilized to prevent
the emergence of micro-sized crystals (Kenth 2009)

According to Haskell (2005), precipitation method is performed by controlling the solubility of the
material in the solution through changes in pH, temperature, or solvent. The precipitates produced
from very saturated conditions have many small particles. The advantage of this method is that it can
produce particles smaller than 100 nm and using very low energy consumption.

Nano calcium is a highly efficient predigestive mineral in entering body cells because of its super-
small size (nanometer) so it can be absorbed quickly and perfectly (Suptijah 2009). Gao et al. (2007)
stated that mice given with nano calcium had a low calcium effluent in feces and urine compared to
mice fed with micro calcium.

The purpose of this study was to study the chemical characteristics of nano calcium of blood cockle
shells (Anadara granosa liin) at four different sites. Parameters observed were yields, chemical
characteristics such as proximate content, calcium mineral content and heavy metal Pb.

2. Research Methods

The materials used in this research were blood cockle (Anadara granosa Linn) shell from TPI Pantai
Kenjeran, Surabaya; TPl Sedati District, Sidoarjo Regency; Gresik; and TPI Bluru District, Sidoarjo
Regency. The ingredients for nano calcium extraction were HCI and NaOH. The tools used in this
research comprised extractor, glassware, oven, hotplate, and furnace. The research stages were as
follows: the preparation of blood cockle (Anadara granosa liin) shell sample, the making of nano
calcium powder with the treatment of long extraction on yield and calcium mineral content, heavy
metal Pb, and nano calcium proximate test.
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2.1. Preparation of blood cockle (Anadara granosa liin) shell

Preparation of the blood cockle (Anadara granosa liin) shell was done by washing the shell. The shell
was then dried with the sun's heat. The dried shell was then destroyed by a 125 mesh hammer mill to
make the shell powder.

2.1.1. The making of nano calcium powder. Two hundred grams of shell flour were then extracted with
HCI solvent at 90°C with a treatment time of 2 hours of extraction. The extraction results were then
filtered with filter paper to obtain liquid/filtrate. The obtained filtrate was precipitated with the
addition of NaOH 4 N and then stirred and left until precipitation no longer formed. The precipitate
obtained was then separated by decantation. The precipitate was then subjected to the process of
neutralization using distilled water until pH 7. The next stage was the drying stage of sediment with
oven and continued with combustion in the furnace at a temperature of 600°C so that nano calcium
powder was formed. The powder was then calculated for the yield, chemical analysis, and composition
of calcium as well as heavy metal Pb.

2.2. Procedure of nano calcium quality parameters analysis
2.2.1. Measurement of nano calcium yield. Yield is a ratio percentage of the monocalcium final weight
content to the weight of blood cockle shell (Anadara granosa) before treatment.

2.2.2. Analysis of total nano calcium (Ca,) mineral with AAS (AOAC International, 2005) and heavy
metals Pb (Reitz et al., 1987). The principle of total mineral testing is to know the value of metal
absorbance by using Atomic Absorption Spectrophotometer (AAS) method. The sample was weighed
as much as 2 grams, then put into 150 ml Erlenmeyer. Samples in Erlenmeyer was added with 5 ml of
HNO3 65%. Prior to measurement, destruction was done to the samples that would be analyzed using
concentrated acids until a clear solution was obtained. Metals that form complex mixtures can be
analyzed. Sensitivity and detection limits are frequently used parameters in AAS. The sensitivity for
lead metal is 0.19 mg/L and the detection limit is 0.01 mg/L.

The snippet was mounted above the hot plate until all samples dissolved. The sample was added
with 0.4 ml H2SO04, then heated over hot plate until the solution reduced (more concentrated). The
sample was allowed to cool and then added with 2-3 drops of mixed solution HCIO4: HNO3 (2: 1),
then re-mounted above the hot plate until the color changed from brown to dark yellow. The sample
was cooled, then put into a 100 ml flask. When precipitate was present, the sample was filtered with
glass wool.

A number of standard stock solutions of each mineral were diluted by using distilled water until
their concentration was within the desired metal working range. The standard solutions, blanks, and
samples were fed into the Atomic Absorption Spectrophotometer (AAS) with wavelengths of each
mineral type, then we measured the absorbance or peak standard, blanks and samples at the
corresponding wavelength and parameters for each mineral.

2.2.3. Water content analysis (AOAC 2005). Water content analysis was done by using oven method.
The principle is to evaporate the free (H20) water molecules present in the sample. Then, the sample
is weighed until the constant weight is obtained with the assumption that all water contained in the
sample has been evaporated. The difference in weight before and after drying is the amount of water
vaporized.

2.2.4. Ash content analysis (AOAC 2005). Analysis of ash content was done using oven method. The
principle is the burning or spoiling of organic materials that are decomposed into water (H20) and
carbon dioxide (CO2) but inorganic substances are not burned. This inorganic substance is called ash.
The ash content analysis procedure is as follows: the flask to be used is first heated in the oven for 30
minutes at a temperature of 100-105 © C, then cooled in a desiccator to remove moisture and be
weighed.
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2.2.5 Fat content analysis (AOAC 2005). Fat content analysis was done by Sokhlet method. The
principle is that the fat contained in the sample is extracted using a non-polar fat solvent. The fatty
acid analysis procedure is as follows: a fat flask that will be used is heated in the oven for 30 minutes
at a temperature of 100-105°C, then cooled in a desiccator to remove the moisture and be weighed.

2.2.6. Analysis of protein content (AOAC 2005). Analysis of protein content was done by Kjeldahl
method. The principle is the oxidation of carbonaceous materials and the conversion of nitrogen into
ammonia by sulphuric acid. Furthermore, ammonia reacts with excess acid to form ammonium
sulphate. Ammonium sulphate formed is dissociated and the solution is made alkaline with NaOH.
The evaporated ammonia will be bound with boric acid. The amount of nitrogen contained in the
solution is determined by titration using an acidic acid solution. The protein content is expressed in
units of g/100 g of sample (%).

2.2.7. Carbohydrate levels (Winarno, 1997). Determination of carbohydrate content used by difference
with formula as follows:
% carbohydrate = 100% - (water content + protein content + ash content + fat content)%

2.3. Chemical characteristics of blood cockle (Anadara granosa liin) shell monocalcium

Chemical analysis to determine chemical characteristics of the monocalcium of blood cockle shell
(Anadara granosa liin) includes yields, proximate content (water content, ash, protein, fat, by
difference carbohydrates), and minerals (calcium and lead). The results of the test of calcium (Ca) and
lead (Pb) of the monocalcium of Anadara granosa liin blood cockle shell produced can be seen in
Table 1.

Table 1. The results of calcium (Ca) and lead (Pb) test

Site of sampling

No. Notes Gisik Cemandi Kenjeran.

Bluru Sidoarjo Si . Gresik
idoarjo Surabaya
1. Yields 5.292 gram 0.25 gram 0.7258 gram 0.2448 gram
2. Ca level (%) 21.25 % 53.40 % 18.25 % 57.30 %
3. Pb level (ppm) 1 0.0009 % 0.0001 % 0.0001 %

2.4. Proximate analysis results

Table 2. Chemical characteristics of nanocalcium of blood cockle (Anadara granosa liin) shell

Gisik

Parameters Bluru Cemandi Gresik Kenjeran.
Sidoarjo . . Surabaya
Sidoarjo

Water level (%) 0.29 0.66 1.24 0.31
Ash level (%) 53.46 10.55 0.45 5.55
Protein level (%) 2.93 3.01 0.32 0.67
Fat level 1.12 4.02 0.23 0.46
Carbohydrate by di fference (%) 0.36 0.40 0.33 0.56

3. Result and Discussion

The moisture content of the shellfish's nano calcium is different from that obtained in Permana’s study
(2006) showing the water content of green shellfish (Perna viridis L.) powder of 0.85%. The study by
Wardhani (2009) shows the water content of local shell graves of >90 mm was 1.19%. The low water
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level was because nano calcium shellfish shell samples had been dried with sunlight. This was also
due to the characteristics of shellfish that has a solid texture and composed of lime. The results showed
that the highest chemical composition of shellfish nanoc alcium was ash content of 53.46%. High ash
level shows that high mineral content is contained in the cockle's nano calcium shells. This is
supported by the results of research by Wardhani (2009) who showed that local shell ash content was
very high at 93.34%. The results are quite different from the results of research conducted by Permana
(2006) which shows that the ash content of green shellfish (Perna viridis L.) was 77.13%.

The ash content values were different because the shell samples used were from different species.
The high level of ash in the results of this study is caused by shells containing inorganic materials such
as calcium carbonate. According to Acevedo et al. (2010), mollusc shells comprise 95% calcium
carbonate and 5% organic matrix. John et al. (1972) mentions that the calcium content in the
gravestone shell is composed of calcium carbonate formed from calcite and aragonite layers.

Rough protein analysis of barnacle shell showed low protein values. These results are in
accordance with research conducted by John et al. (1972) showing that the protein content of the
Pinctada maxima nacre layer is 2-3%. A study by Wardhani (2009) showed local shell protein content
of 1.85%. Proteins in barnacle shell are thought to originate from the periostracum.

The periostracum layer contains fifteen to seventeen amino acids. The outer layer of the ligaments
consists of lamella composed of fibrous proteins (Gregoire 1972). Suzuki et al. (2004) showed that
prismatic coating on Pinctada fucata contains amino acid glycine and tyrosine.

The fat content produced from shellfish was not much different from the result of fat content
analysis by Wardhani (2009) who examined the physical and chemical characteristics of local shellfish
powder, which was 0.66%. The fat content in the bivalva shell is thought to originate from
periostracum lining.

Periostracum layer contains fat, amino acids, and proteins (Gregoire 1972). According to Delong
and Thorp (2009), the outer layers of the periostracum contain an organic matrix. Lee et al. (2007)
states that the periostracum contains mucopolysaccharides, fats, and proteins, and serves to prevent
corrosion of the outermost layer of the shell.

3.1. Pb content

Some calcium supplement products are shown to contain lead which may cause neurological disorders
(Scelfo and Flegal 2000). The result of Pb analysis on nanocalcium powder is 1 ppm. The results are
still below the threshold set by the National Academy of Sciences, Food Chemicals Codex and United
States Pharmacopoeia (USP) ie 3 ppm, except that in Gisik Cemandi area of 9 ppm.

Research conducted by the University of Florida, Gainesville, reported that eight of the 22 tested
calcium products proved to contain heavy metal Pb (University of Florida News 2000). Pb has toxic
properties, which may resemble or compete with calcium. Plumbum (Pb) has an affinity for bone and
replaces calcium work in bone mineral matrix (Needleman 2004). Plumbum has a strong bond with
the transport protein used by calcium, but the affinity of binding of Pb is at least twice that of calcium.
The transport mechanism of the gastrointestinal tract will lead to a competitive interaction between
calcium and plumbun (Gulson et al., 2001).

4. Conclusion
We have successfully isolated the calcium from the solid waste of cockle Anadara granosa liin shells.
The formation of calcium with smaller size (nanoparticles) was successfully performed by
precipitation method. The best yield of nano calcium powder was obtained at Bluru Sidoarjo District.
The content of lead was still within safe limits, except that in Gisik Cemandi. The high ash content in
this study results was because the shellfish contains inorganic materials, such as calcium carbonate.

It is suggested to do mineral solubility test to identify the percentage of mineral solubility,
especially nano calcium. A precipitation with a difference in NaOH concentration is necessary to
determine the best formation of nano calcium deposits and the ease of neutralization process.



The International Conference Research Collaboration of Environmental Science IOP Publishing

IOP Conf. Series: Earth and Environmental Science 245 (2019) 012006  doi:10.1088/1755-1315/245/1/012006

References

[1]
2]

[3]
[4]

[5]
[6]
[7]

[8]

9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

O’Dell, B.L., 1984.. Bioavailability of trace elements. Nutrition Review, 42, 301-308

Watzke, H.J., 1988. Impact of processing on bioavailability examples of minerals in foods.
Trends in Food Science and Technology, 8, 320-327.

Clydesdale, F.M., +322. Minerals : Their chemistry and fate in food. In : Smith, KT. (ed). Trace
Minerals in Foods, (pp. /1_3.). Marcel Dekker Inc., New York.

Kamba Abdullahi Shafiu, Maznah Ismail, Tengku Azmi Tengku Ibrahim, and Zuki Abu Bakar
Zakaria,2013, Synthesis and Characterisation of Calcium Carbonate Aragonite Nanocrystals
from Cockle Shell Powder (Anadara granosa), Journal of Nanomaterials, Volume 2013,
Article ID 398357, 9 pages http://dx.doi.org/10.1155/2013/398357

Reitz LL, Smith WH, Plumlee MP. 1987. Animal Science Department. Purdue University,
West Lafayette, Ind

Apriyantono A, Fardiaz D, Puspitasari N, Sedarnawati, Budiyanto S. 1989. Analisis Pangan.
IPB Press, Bogor.

Solmaz Maleki Dizaj et all , 2015 Calcium Carbonate Nanoparticles; Potential in Bone and
Tooth Disorders Pharmaceutical Sciences, March 2015, 20, 175-182 http://journals.tbzmed.
ac.irlPHARM

Suzuki T, Yoshie Y, Horii A. 2000. Solubility of minerals in shellfish by heating with salt
water. Journal of Food Protection. 55: 893-898 [Dalam] Carman O, Sulistiono, Purbayanto
A, Suzuki T, Watanabe S, Arimoto T (eds). The proceeding of the JSPSDGHE international
symposium on fisheries science in tropical area (pp. 563-568). TUF International JSPS
Project, Tokyo.

Santoso J. 2003. Studies on nutritional components and antioxidant activity in several Indonesia
seaweeds [disertasi]. Graduate School of Fisheries, Tokyo University of Fisheries, Tokyo.
Joko Santoso , Nurjanah , dan Abi Irawan , 2008,, Mineral Contents and Their Solubility on
Squid Loligo sp and Vannamei Shrimp ( Litopenaeus vannamei) , Jurnal llmu-ilmu Perairan

dan Perikanan Indonesia, Juni 2008, Jilid 15, Nomor 1: 7-12

Joko Santosa, et all, 2006, Mineral Contents of Indonesian Seaweeds and Mineral Solubility
Afected by Basic Cooking , Food Sci. Technol. Res., 12 (1) 59-66

Nor Adilla Rashidi, Mustakimah Mohamed, Suzana Yusup 2012 The Kinetic Model of
Calcination and Carbonation of Anadara Granosa International Journal Of Renewable
Energy Research Vol 2, No 3 (2012): Vol2
http://dergipark.ulakbim.gov.tr/ijrer/article/view/5000174477

B. Z. Zakaria, N. Zakaria, and Z. Kasim, Mineral composition of the cockle (anadara granosa)
shells, hard clamps (meretrix meretrix) shells and corals (porites. spp): a comparative study,
Journals of Animals and Veterinary Advances, vol. 3, no. 7, pp. 445-447, 2004.
http://docsdrive.com/pdfs/medwelljournals/javaa/2004/445-447 .pdf

K. N. Islam, et all, 2011, Characterisation of calcium carbonate and its polymorphs from cockle
shells (Anadara granosa),” Powder Technology, vol. 213, no. 1, pp. 188-191,
http://www.sciencedirect.com/science/article/pii/S0032591011003664?via%3Dihub#f0025

Koga, D. Kasahara, and T. Kimura, 2013 , Aragonite crystal growth and solid-state aragonite-
calcite transformation: a physico-geometrical relationship via thermal dehydration of
included water,” Crystal Growth & Design, vol. 13, no. 5, pp. 2238-2246,

Kevin W. Powers, Scott C. Brown, Vijay B. Krishna, Scott C. Wasdo, Brij M. Moudgil,
Stephen M. Raoberts; 2006,Research Strategies for Safety Evaluation of Nanomaterials. Part
VI. Characterization of Nanoscale Particles for Toxicological Evaluation, Toxicological
Sciences, Volume 90, Issue 2, 1 April 2006, Pages 296-303,
https://doi.org/10.1093/toxsci/k{j099
https://academic.oup.com/toxsci/article/90/2/296/1658528/Research-Strategies-for-Safety-
Evaluation-of


http://dx.doi.org/10.1155/2013/398357
http://dergipark.ulakbim.gov.tr/ijrer/issue/view/5000016487
http://dergipark.ulakbim.gov.tr/ijrer/article/view/5000174477
https://www.google.co.id/search?q=A.+B.+Z.+Zakaria,+N.+Zakaria,+and+Z.+Kasim,+Mineral+composition+of+the+cockle+%28anadara+granosa%29+shells,+hard+clamps+%28meretrix+meretrix%29+shells+and+corals+%28porites.+spp%29:+a+comparative+study,+Journals+of+Animals+and+Veterinary+Advances,+vol.+3,+no.+7,+pp.+445%E2%80%93447,+2004.&sa=X&ved=0ahUKEwizxs-O__TVAhUKKY8KHXivDWkQgwMIIw&biw=1093&bih=507
https://www.google.co.id/search?q=A.+B.+Z.+Zakaria,+N.+Zakaria,+and+Z.+Kasim,+Mineral+composition+of+the+cockle+%28anadara+granosa%29+shells,+hard+clamps+%28meretrix+meretrix%29+shells+and+corals+%28porites.+spp%29:+a+comparative+study,+Journals+of+Animals+and+Veterinary+Advances,+vol.+3,+no.+7,+pp.+445%E2%80%93447,+2004.&sa=X&ved=0ahUKEwizxs-O__TVAhUKKY8KHXivDWkQgwMIIw&biw=1093&bih=507
https://www.google.co.id/search?q=A.+B.+Z.+Zakaria,+N.+Zakaria,+and+Z.+Kasim,+Mineral+composition+of+the+cockle+%28anadara+granosa%29+shells,+hard+clamps+%28meretrix+meretrix%29+shells+and+corals+%28porites.+spp%29:+a+comparative+study,+Journals+of+Animals+and+Veterinary+Advances,+vol.+3,+no.+7,+pp.+445%E2%80%93447,+2004.&sa=X&ved=0ahUKEwizxs-O__TVAhUKKY8KHXivDWkQgwMIIw&biw=1093&bih=507
http://docsdrive.com/pdfs/medwelljournals/javaa/2004/445-447.pdf
http://www.sciencedirect.com/science/article/pii/S0032591011003664?via%3Dihub#f0025
https://doi.org/10.1093/toxsci/kfj099
https://academic.oup.com/toxsci/article/90/2/296/1658528/Research-Strategies-for-Safety-Evaluation-of
https://academic.oup.com/toxsci/article/90/2/296/1658528/Research-Strategies-for-Safety-Evaluation-of

The International Conference Research Collaboration of Environmental Science IOP Publishing
IOP Conf. Series: Earth and Environmental Science 245 (2019) 012006  doi:10.1088/1755-1315/245/1/012006

[17] Kawashima, Y., Yamamoto, H., Takeuchi, H., and Kuno, Y., 2000, Mucoadhesive DL-
lactide/glycolide copolymer nanospheres coated with chitosan to improve oral delivery of
elcatonin, Pharmaceutical Development and Technology, 5(1): 77-85

[18] Buzea, C., Blandino, I.I.P., dan Robbie, K., 2007, Nanomaterial and nanoparticles: sources and
toxicity, Biointerphases, 2: MR170— MR172

[19] P. Bihari, M. Vippola, S. Schultes et al., “Optimized dispersion of nanoparticles for biological
in vitro and in vivo studies,” Particle and Fibre Toxicology, vol. 5, article no. 14, 2008.

[20] K. K. Sand et all, 2011, Crystallization of CaCO3 in Water—Alcohol Mixtures: Spherulitic
Growth, Polymorph Stabilization, and Morphology Change, Cryst. Growth Des., 2012, 12
(2), pp 842-853 DOI: 10.1021/cg2012342


https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
https://www.researchgate.net/publication/12645265_Mucoadhesive_DL-LactideGlycolide_Copolymer_Nanospheres_Coated_with_Chitosan_to_Improve_Oral_Delivery_of_Elcatonin?el=1_x_8&enrichId=rgreq-6f3cf8fd5899a451c2a952d22f9aad76-XXX&enrichSource=Y292ZXJQYWdlOzI4MDcyODQ1NTtBUzoyNTk0MTExNDI3NzA2ODhAMTQzODg1OTg0NDUzOQ==
http://pubs.acs.org/author/Sand%2C+K+K

