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A FEASIBILITY STUDY OF SOLUBLE CHITOSAN PRODUCTION
FROM THAI RAW MATERIAL RESOURCES
FOR PHARMACEUTICAL AND COSMETIC INDUSTRIES

Rapeepun Cha!ongsuk!, Namfon Sribundit’
IDepartment of Community Pharmacy, Faculty of Pharmacy,
Silpakorn University, Nakorn Pathom, Thailand.

ABSTRACT

The solublg form of chitosan has market potential for being raw material in pharmaceutical
and cosmetic industries. This study was proposed to study feasibility of soluble chitosan
production in Thailand. Feasibility study was employed in the aspects of technical,
marketing and financial analysis. Amount of wastes from fishery industries were adequate
for all season production. No need for high technology investment since the process of
production were fundamentally chemical and spray dried technique. Marketing analysis
revealed a major customer was cosmetic industry. Financial analysis with the scenario of
price level at 2,500 THB per kg and 17.4 million THB investment would have pay back
period at 1.5 year with 24.2% internal rate of return. To set up a plant for soluble chitosan
production in Thailand was feasible. Few limitation of low percent yield was. found and
need to be further developed.

Key words: chitosan salts; economic feasibility; financial feasibility; marketing feasibility;
technical feasibility

1. BACKGROUND

Chitin is a polysaccharide found in the outer skeleton of insects, crabs, shrimps and
lobsters and in the internal structures of invertebrates . It is the second most abundant
organic compound next to cellulose. Chitin is a precursor of chitosan. Chitosan’s structure
is deacetylated chitin, a polymer of 8(1-4) acetyl - D glucosamine. It has various uses in
the cosmetic, pharmaceutical and medical industries [1-3].

Innovative development of chitosan applications are strongly related to chitosan forms. In
terms of solubility, several researchers were succeed in solubility improvement by develop
~ a salt form of chitosan. Drug delivery or controlled release may be improved by chitosan
~ salts or soluble chitosan [4, 5]. They are also extend the usage in cosmetic industry. At
. present, soluble chitosan used in Thailand were imported from foreign countries. None of
soluble chitosan was produced locally. The investment of soluble chitosan production in
- Thailand need feasibility information for making decision. This study was aimed to
‘explore the feasibility in the aspects of technical, marketing and financial analysis.

‘2. MATERIALS AND METHOD

ibility assessment of soluble chitosan production was conducted in three aspects: market
nalysis, technical analysis, and financial analysis. Firstly, to forecast market size of soluble
psan, supply and demand of insoluble chitosan were reviewed from secondary
ments e.g. original articles, research reports, government statistics. Furthermore, review
harmackutical and cosmetic market situations, law and regulation and fundamental data
fishery industry also be performed. Representatives of Thai chitosan manufacturers
icipated in-dept interviews and provided their view points regarding potential of local
tion and trend of chitosan market. Secondly, technical analysis was done, focusing on
8 of soluble chitosan production, availability of raw materials, technology required,
n of plant and other infrastructures of business, such as transportation and utilities.
s and technology of insoluble and soluble chitosan production were acquired from
s studies. Lastly, financial analysis was aimed to examine investment and return of
investment. Some financial assumptions were set, including price of soluble chitosan,
of plant for each year, turnover rate of current assets and liability, income tax
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regulation according to BOI. Balance sheet, income statement, and statement of cash flow
were projected for 5 years ahead. Analysis of financial statements and break-even point were
evaluated. To capture an uncertainty of some factors in financial analysis, sensitivity analysis
was performed by varying price of soluble chitosan and yield.

3. RESULTS AND DISCUSSIONS

Market analysis

Supply of chitosan in the world market was 6,667 tons in 2002. Market value was
estimated as $US 67 million. Japan was a major player in the global market. In Thailand,
27 chitosan manufacturers were established. Of those, only 3 companies sold chitosan in
local market. The others were chitosan exporters. Local capacity of chitosan production
was estimated 2.4 — 12 tons per year [6].

On demand side, half of chitosan in the world were consumed as food supplement. 5% of
those were spent by cosmetic industry [6]. Needs for chitosan in Thailand were from
agricultural industry as for growth accelerators, food industry as for food additives,
pharmaceutical industry as for weight reduction food supplement and cosmetic industry as for
skin care products, hair care products [6-9].

Price of chitosan in local market depend highly on chitosan grade or % deacetlyation. For
instance, price of food grade chitosan was 1,200 THB per kg, while pharmaceutical grade
chitosan was sold for 30,000 THB per kg.

An estimation of size of soluble chitosan market was based on a scenario of high promotion of
the novel product that can expand more application than insoluble chitosan. Double increasing
usage and 75% increasing for new chitosan user, compared with insoluble market place only,
were assumed. Approximation of soluble chitosan market size was 18,200 kg per year.
Technical analysis

Source of crustacean shells, a major raw material of chitosan production, was found
abundantly in Thailand, due to positioning as a leader of shrimp exporters in the world.
Waste from fishery industry can be gathered to chitosan producers by a long term contract
for waste management. This system assures adequacy of shrimp shells for all seasons.
Process of soluble chitosan production has two main steps: first step, insoluble chitosan
production, and second step is the step of chitosan salts or soluble chitosan production.
Figure 1 shows a basic step of chitosan production [1, 10, 11]. Decalcification and
deacetlyation processes were simple chemical reactions. None of advance technology was
used for this step. Caution of high corrosive acid and base solution should be considered.

Raw material
Cleaning / Washing
Boiling with 3% sodium hydroxide for 30 minutes for deprotenisation

Deproteinised shells
(Treat with 3%-5% NaOH, room temperature overnight)

4

Decalcification shells
Decolorization in sunshine and drying
Chitin

a

Deacetylation

(Heat at 90-120° C for 4-5 hrs with 40%-50% NaOH)

a

Chitosan flakes

Figure 1. [llustration of the process
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Step two, producing chitosan salts e.g chitosan aspartate, the process depends on a spray
drier and its condition of spraying. So, this step needs investment for spray drier. Chitosan
flakes were dissolved in an aqueous aspartic acid to make a solution. The solution was
spray at a proper inlet temperature using spray drier. The obtained powder was soluble
chitosan salts [4]. Glutamic, lactic or hydrochloric can be used as acid solution as well.
Finish products should be examined quality by test of appearance, particle size, loss on
drying, loss on ignition, pH, viscosity, degree of acetylation and heavy metal. At present,
none of pilot plant or large scale production of soluble chitosan, the laboratory scale faced
the problem of low yield. Thus development of higher yield should be further studied.
Selected location of production plant in the present study was nearby one of the center of
fishery industry in Thailand, Samut sakorn province. The transportation infrastructure and
other infrastructures e.g. electricity was fine.

Financial analysis

Based in finding from market and technical feasibility analysis, financial feasibility was
projected for 5 years with the base-case scenario of yearly capacity was 10,080 kg (percent
yield = 80%) at the price level 2,500 THB per kg. Results of financial analysis was
displayed in Table 1. It is indicated that 17.4 million THB investment would have pay back
period at 1.5 year with 24.2% internal rate of return.

Table 1. Financial feasibility

Total investment 17,438,100 THB
Owner’s investment 10,000,000 THB
Bank loan 7,438,100 THB
Working capital 1,800,000 THB
Average profit per year 9,775,515 THB
Pay back period 1.5 year
Internal rate of return 24.2%
Break-even point (unit of production) 14,825 kg
Break-even point ( sales) 36,361,268 THB

Sensitivity analysis of finance was performed by vary chitosan price and % yield. The
finding indicated that at level of 50% yield, pricing of soluble chitosan should be 3,500
THB per kg to get the internal rate of return (IRR) 11%. If soluble chitosan yield increases
to 80%, the price can be set at 2,500 THB per kg with IRR 24%. If the yield exceeds 80%,
price level at 2,000 THB can be sold with the acceptable IRR. Moreover, focusing on
average profit per year (Figure 2), the investor could select average profit level and
determine the price level for each yield.
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Sensitivity analysis

30,000,000
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Average profit per year
(THB)

Price per kg(THB)

Figure 2. Average profit per year of various yield level

4. CONCLUSION
To set up a plant for soluble chitosan production in Thailand was feasible. Potential market

was found especially pharmaceutical and cosmetic industry. Process of production used
only simple chemical technique. Investment of spray dry equipment is needed. Finance
feasibility showed IRR 24% and payback period 1.5 year from 17 million THB investment.
Few limitation of low percent yield was found and need to be further developed.

ACKNOWLEDGEMENT
The authors would like to thank the funding support provided through the Silpakorn

University Research and Development Institute (SUDI).

REFERENCES

1. Shahidi, F., R. Abuzaytoun, and L.T. Steve, Chitin, Chitosan, and Co-Products:
Chemistry, Production, Applications, and Health Effects, in Advances in Food and
Nutrition Research. 2005, Academic Press. p. 93-135. _

2. Ilium, L., Chitosan and Its Use as a Pharmaceutical Excipient. Pharmaceutical
Research, 1998. 15: p. 1326-1331.

3. Jan Knapczyk, Leszek Krowczynski, and Jan Krzek, eds. Requirment of Chitosan for
Pharmaceutical and biomedical  application.  Chitin and Chitosan
:Source,chemical,biochemistry, physical properties and application, ed. Paul Sandford,
Thorleif Anthonsen, and Gudmund Sajakbraek. 1989, Elsevier Science Publishers Ltd:
New York.

4. Nunthanid, J., et al., Use of spray-dried chitosan acetate and ethylcellulose as
compression coats for colonic drug delivery: Effect of swelling on triggering in vitro drug
release. European Journal of Pharmaceutics and Biopharmaceutics, 2009. 71(2): p. 356-
361.

5. Nunthanid, J., et al., Characterization of chitosan acetate as a binder for sustained
release tablets. Journal of Controlled Release, 2004. 99(1): p. 15-26.

6. Center of Biotech chitin-chitosan, C.U. 4 study of chitin-chitosan production and chitin-
chitosan market 2003 [cited 7/8/2006]; Available from:

http://www.mtec.or.th/th/images/pdf/chitin-chitosan/chapter6.pdf.

32




7. Gunther Lang and Thomas Clausen, eds. The use if chitosan in Cosmetics. Chitin and
Chitosan :Source,chemical,biochemistry, physical properties and application, ed. Paul
Sandford, . Thorleif Anthonsen, and Gudmund Sajakbrack. 1989, Elsevier Science
Publishers Ltd: New York.

8. Lang G and Clausen T, eds. The use of chitosan in cosmetics Chitin and chitosan:
sources, chemistry, biochemistry, physical properties and applications, ed. Skjak-Braek G.,
Anthonsen T., and S. P. 1989, Elsevier Sciences Publishers: London & New York. 139-
147.

9. Rapeepan Chalongsuk and Namfon Sribundit, A study of chitosan usage in Thai
pharmaceutical and cosmetic industries 2008, Silpakorn University: Nakorn Pathom.

10. RAA, M., ed. Industrial production and application. Chitin, ed. M. RAA. 1977,
Pergamon Press: New York. 207-265.

‘11. Shigehiro Hirano, ed. Production and application of Chitin and Chitosan in Japan.
Chitin and Chitosan :Source,chemical,biochemistry, physical properties and application,
ed. Paul Sandford, Thorleif Anthonsen, and Gudmund Sajakbraek. 1989, Elsevier Science
Publishers Ltd: New York.




