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A. Teacher Information  

Unit description 

There is much advertising on chitosan (Poly-β-1,4-D-glucosamin) as a fat magnet. What is 
chitosan? Does it really work as described in the advertisements? Should we use it to 
avoid gaining weight? Students look for answers to these questions by researching the 
internet, and other sources, and doing own experiments. They learn how to produce 
chitosan, about its properties and several kinds of its application. The newly gained 
knowledge and competences form the base for the final discussion and students’ own 
decision making. 

Student level: students aged 16-19 
Discipline(s) involved: Chemistry, biology  
Estimated duration: 12 lessons 
 
The Chitosan project can be taught as an advanced course deepening the knowledge on 
carbohydrates, but also extent it to more everyday life topics like healthy nutrition/ 
balanced diet with a focus on digestion and metabolism. 

In the Schleswig-Holstein (Germany) chemistry curriculum the area 3 in grade 12/13 in the 
field of carbon hydrates refers to the topic handled here. It can also be used in the field of 
analytics (area 9). The sequence can suit each of the following topics: 

 Carbon hydrates 

 Structure-property interdependencies  

 

IBSE Character 

In this unit normally the teacher introduces the problem. S/he has found advertisements 
referring to chitosan as a slimming agent: “Chitosan: Fat Magnet!” or has found the 
product itself and presents it to the students. While showing how s/he has found the 
information from the internet the class is also confronted with information claiming the 
uselessness of chitosan for reducing weight. So there is an open question: Who is right? 
The students need to define the problem, develop and carry out a plan of how to 
investigate the problem (which includes the searching for further information, formulate 
and test hypotheses, plan and carry out experiments, communicate and discuss with 
peers) and create coherent arguments supporting their findings. In addition they are asked 
to make and discuss own decisions whether to use chitosan themselves or recommend it 
to others. 
 

Science Content Knowledge 
Many nations with coastal regions involved in fishing or breeding crustaceans (crabs, 
shrimps...) are confronted with the problem of millions of tons of waste in the form of crab 
shells. Intensive research has found several applications for the main ingredient chitosan 
(from chitin) to solve this environmental problem producing valuable products from waste. 
This module will focus mainly on the application of chitosan as slimming aid.  
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The effectiveness of chitosan is an adequate problem to work on in chemistry classes. 
Chitosan can easily be gained from chitin, the structural substance of crab- or shrimp 
shells. Following cellulose it is the second frequently met naturally produced polymeric 
worldwide, so it‘s no exotic substance but quite common and with many application 
opportunities. For teaching chemistry it is also important that it can easily be used to 
demonstrate structure-property interdependencies. 

Bader and Birkholz in their contribution to the Chitin Handbook (R.A.A. Muzzarelli and 
M.G. Peter, eds. (1997): Chitin Handbook. European Chitin Society) wrote: “The use of 
polysaccharides as renewable materials is a new subject in chemistry courses. Like in 
other cases the aim is to show the origin of a product, that has a link with everyday life of 
the pupils, by developing practical and suitable school experiments for this field 
(Sommerfeld and Bader 1995). In this context the subject chitin is a completion and 
enlargement. Contrary to former examples, now a polysaccharide is isolated from animal 
sources for school experiments as well as for industrial use. In addition chitin can be an 
example for the intelligent use of a waste product, without any conflict of interests, e.g. 
using it as food or as raw material. Finally, the chitosan made from chitin is a 
polysaccharide with canonic character (with the possibility to compare it with alginic acid 
and with neutral polysaccharides like starch or galactomanans.). 

Through a simple process of deacetylation chitosan (Poly-β-1,4-D-glucosamin) is 
produced from chitin (Poly-β-1,4-N-acetyl-D-glucosamin):  

 

Deacetylation of chitin: 
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The shells have to be washed with water, dried and grinded. In a second step the protein 
need to be removed with sodium hydroxide solution, and the calcium carbonate with 
hydrochloric acid. The obtained chitin will be deacetylised with sodium hydroxide solution, 
washed with water and dried. The product is a dim pink-beige chitosan looking very similar 
to chitin.  

        Shells   

 Coarsely cleaning 
and 

breaking,drying, 
grinding 

  

         Protein 
         removal 

 
2 mol/l sodium hydroxide 

 
Washing (H2O) 

  

Calcium carbonate 
       removal 

 

4 mol/l hydrochloride acid 

 
Washing (H2O) 
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Deacetylation  50 % sodium hydroxide 

 
Washing (H2O) 

  

Solute/precipitate 
of Chitosan 

 
2 % acetic acid 

 
Washing (H2O) 
Drying /grinding 

  

 

Chitosan according to its structure and properties has many possibilities of application. 
Bader and Birkholz (1999) published the following list: 

 The clarification and cleaning of protein-containing waste water of fruit, meat, fish 
and milk industry as well as of breweries were the biggest and for a long time the 
only use of these polysaccharides. Chitosan causes the coagulation of the proteins 
found in waste water. As a naturally occurring polymer the chitosan is degradable 
and non-toxic, so it should be preferable to synthetic polymers. 

 Analogously, fruit and vegetable juice are clarified with the aid of chitosan. 

 Chitosan and chitin are chelating agents showing complexing ability for many metal 
ions. The cations coordinate to free electron pairs of nitrogen and oxygen atoms. 
The affinity of chitosan to metal ions obeys the following order: Cr3+ < Co2+ < Pb2+ < 
Mn2+ « Cd2+ < Ag+ < Ni2+ < Fe3+ < Cu2+ < Hg2+. With the aid of appropriate acids 
(e.g. diluted sulphuric acid) chitosan is regenerated and reused. One field of 
application is the purification of heavy-metal contaminated waste water. 

 Membranes made of chitosan are suitable for water softening, because they are 
impermeable to calcium ions. 

 Paper impregnated with a solution containing 3 % chitosan shows a significant 
higher tear resistance, abrasion resistance and moisture resistance compared to 
untreated paper. 

 Due to the antibacterial character of chitosan, it is possible to use packaging films of 
chitosan for preservation. 

 In technology chitin and chitosan are used for the production of membranes, fibres 
and films. At present composites, e.g. materials partly made of cellulose, are 
studied. Chitosan has an outstanding film-forming property caused by intra- and 
intermolecular hydrogen bonding. 

Chemical modification of chitin and chitosan leads to further applications, just to mention a 
few: 

 Since chitin, chitosan and different derivatives of these compounds are degradable 
by endogenous enzymes and have no allergic effects, they are used in different 
medical and pharmaceutical fields. Examples are suture materials, wound 
dressings as well as synthetic skin. 



  
 
 

 

Page 7 of 38 
ESTABLISH 

 
 

 Recently, derivatives of chitosan are used in hair-care products, thanks to their 
setting, conditioning and caring properties. In creams and ointments chitosan 
derivatives are used because of their water-binding ability and adhesiveness. 

 Chitosan salts are formed by reaction of chitosan with a multitude of inorganic and 
organic acids. For example, if chitosan is heated to boiling in the presence of 
hydrochloric acid, water soluble chitosan hydrochloride precipitates on cooling, 
which is one of the starting materials in the cosmetics. 

 Coating with a film made of N,0-carboxymethyl chitosan improves the storage 
stability of seeds and fruits. The low oxygen permeability and the antibacterial effect 
of these films guarantee preservation for a long time. 

 Under basic conditions chitosan reacts with alkyl halides to N,0-alkylchitosan. So 
the reaction with chloroacetic acid yields water soluble N,0-carboxymethyl chitosan. 
This can be used for films. 

There are several more possibilities of application. During this course we will focus on 
chitosan as slimming agent. Because of its property to bind 8 times its weight of fat it is 
advertised as slimming agent or “Fat Magnet”. In an acidic milieu the amino groups will be 
protonized and thus charged positively. These poly-kations are able to bind the negatively 
charged fatty acid anions, what is irreversible and the fat cannot be metabolized and so 
the captured fat leaves the body undigested and does not enter the organism. When less 
fat is available for the organism, the body draws the necessary fat from its fat reserves, 
which automatically leads to a loss of weight. 

But: 

Pharmaceutical studies show no positive effect of chitosan for weight loss (Google: 
chitosan Pharmaceutical studies): E.g.: “The new study, published in the September issue 
of the International Journal of Obesity (28, 1149-1156), is one of the largest to date. The 
researchers assigned 250 adults, with an average body mass index of 35.5, to receive 
either 3g of chitosan daily or a placebo for 24 weeks. All participants received 
standardised dietary and lifestyle advice for weight loss. The researchers from the Clinical 
Trials Research Unit in the University of Auckland report that the chitosan group lost more 
body weight than the placebo group "but the effects were small". The chitosan group lost 
an average of 0.4kg compared to a 0.2 kg gain in the placebo group.” 
(http://www.nutraingredients-usa.com/news/ng.asp?id=54318-chitosan-fails-to) 

 

Pedagogical Content Knowledge 

Teaching/Learning goals 

Scientific concepts: Chemical structures of chitin and chitosan and its properties, 

Chitosan’s possible reactions in the human body, applications of chitosan in different areas 
(biochemistry/medicine, cleaning water, preparing fruit juice ...) and its explanations based 
on the substances’ properties. 

Skills: Formulating an inquiry question and a hypothesis, planning and performing an 
inquiry, planning and performing an experiment, communicating and presenting ideas and 
results, managing information and knowledge, identifying, evaluating and using information 
from the internet and other sources, using digital mind mapping to support one’s 

http://www.nutraingredients-usa.com/news/ng.asp?id=54318-chitosan-fails-to
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performance, communicate with partners from industry, make own decisions based on 
scientific knowledge and personal values 

 

Pre-Requirement Knowledge: 

Contents: 

The students had been taught a sequence on carbon hydrates and learned about cellulose 
as a poly-saccharide. 

 Properties of glucose, composition and structure of the glucose molecule 

 Asymmetric C-atom, isomerism, optical activity 

 Some mono-saccharides and its appearance in nature 

 Glycosidic bonding 

 Starch and cellulose as polymeric compounds 

Skills:  

The students are familiar with conducting experiments on their own. They can operate 
computers, and are to some extend able to research information. Since the focus should 
be very much on the improvement of competencies like information management, 
communication, evaluation and decision making, a well planned support by the teacher is 
needed. Particularly in German classrooms the focus had been on learning facts and 
concepts, while the promotion of the mentioned competencies had been neglected. This is 
to be changed since the new education standards have been introduced in 2004, where 
explicit foci are laid on four areas of competencies: discipline knowledge, nature of 
science, communication and evaluation.  

Linkage to the Syllabus:  

The Chitosan project can be taught as an advanced course deepening the knowledge on 
carbohydrates, but also extent it to more everyday life topics like healthy nutrition/ 
balanced diet with a focus on digestion and metabolism. 

In the Schleswig-Holstein (Germany) chemistry curriculum the area 3 in grade 12/13 in the 
field of carbon hydrates refers to the topic handled here. It can also be used in the field of 
analytics (area 9). The sequence can suit each of the following topics: 

 Carbon hydrates 

 Structure-property interdependencies  

 

Industrial Content Knowledge 

Though there are a lot of different applications of chitosan in many areas of our daily life 
there are not many companies dealing with the production and processing of chitosan. We 
contacted the Co. BioNova in Büsum and the Seehof Laboratorium in Wesselburen, both 
situated in Schleswig-Holstein, the northern part of Germany, and we as well as our 
students learnt a lot about chitosan. As one can see from the science content part chitosan 
is used for the clarification and cleaning of protein-containing waste water of fruit, meat, 
fish and milk industry as well as of breweries, also fruit and vegetable juice are clarified 
with the aid of chitosan. One field of application is the purification of heavy-metal 
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contaminated waste water. Membranes made of chitosan are suitable for water softening, 
because they are impermeable to calcium ions. Paper impregnated with a solution 
containing 3 % chitosan shows a significant higher tear resistance, abrasion resistance 
and moisture resistance compared to untreated paper. Due to the antibacterial character 
of chitosan, it is possible to use packaging films of chitosan for preservation. In technology 
chitin and chitosan are used for the production of membranes, fibres and films. Since 
chitin, chitosan and different derivatives of these compounds are degradable by 
endogenous enzymes and have no allergic effects, they are used in different medical and 
pharmaceutical fields. Examples are suture materials, wound dressings as well as 
synthetic skin. Derivatives of chitosan are also used in hair-care products. In creams and 
ointments chitosan derivatives are used because of their water-binding ability and 
adhesiveness. 

The Seehof Lab Company is particularly interested in medical applications and besides 
others they have developed Photosan (from Chitosan), a photosensitizer used for 
photodynamic therapy (PDT) of skin cancer. 

When the students work on the “Fat-Magnet” problem they ask: Can Chitosan bind fat? 
This is not so difficult to answer through school lab experiments. But then they have to 
investigate whether this is possible in the human body and can lead that to weight loss. At 
this point our students contacted the company, got new information about their problem, 
but got to know much more information about chitosan and new developments in this field. 
They also started a cooperation with the company where they tried out new research 
activities like an alternative way to gain chitosan from crab shells through enzymatic 
processes. 

Through the cooperation students and teacher learned more chitosan, about new research 
and application developments, they learned how chemists and other related professionals 
work in practice, and they became convinced that their own work at school is of life 
relevance. 

 

Learning Path(s) 

Lesson sequence  

Engagement 

The teacher motivates the students by showing advertisements about “Chitosan – Fat 
Magnet!” to work on this topic.  

Exploration 

During this phase the teacher explores together with the students the following questions 
and introduces the students to the new content (chemistry of chitosan, poly-saccharide) 
and (if necessary) to the strategies and tools needed to work on these questions (internet 
browser, search engine, mind manager) 

 Is there any useful information about chitosan as fat blocker on the web? 

 What is Chitosan? 

 Which properties characterize Chitosan? 

 How does Chitosan interact with fat?  
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 Where do we find Chitosan in nature? 

 How can we produce Chitosan?  

The teacher leaves many open questions but has provided the students during the first 
phase (as a kind of advance organizer) with some content knowledge and adequate 
strategies.  

During this phase the students work in small groups on the open questions. They try to 
find information about chitosan as fat magnet, about the structure, production and 
properties of chitosan.  

Explanation 

They carry out own experiments e.g. to produce chitosan from shrimp (crab) shells and try 
to find out how it reacts with fat and also with other substances (see students’ activities 
and experiments) to find out more about chitosan’s properties. 

Now they start to answer the questions of the starting phase. The students have learnt 
how to produce chitosan from shrimp shells, they have learnt how chitosan reacts with fat 
or fatty acids. They have read some papers on chitosan as fat blocker giving differing 
information. Does it work or does it not work? They reflect their findings, discuss them with 
their classmates and prepare a public presentation with posters, experiments and 
Powerpoints.  

Extension 

The overall question is not only about its chemical functioning but also about should we 
use this substance ourselves or recommend it to friends to control weight? This question 
leads beyond pure science, includes general problems with drugs/ pharmaceuticals and 
balanced diets and healthy way of living. 

Evaluation 

After having discussed the results and problems also extending the chemical content 
students are asked to make personal decisions whether they would use this drug for 
supporting the process of loosing weight or whether they would recommend it to friends. 
They gather arguments pro and contra chitosan and defend their decision. 

Pro’s Con’s 

Easy to administer  There are no serious studies to prove its 
effectiveness  

Life quality:  You don‘t need to miss fat in 
your food  

The missing fat will also hinder vitamines 
from entering the metabolism  

You avoid quite easily unhealthy overweight  It works only in acidic environment, but the 
intestine is basic 

Creative method of using waste  It‘s much more healthy to eat balanced food 
and do exercises  

 Producing more shrimps in Asia will destroy 
mangrove woods  

 Fat soluble medications can be 
compromised in its effectiveness (oral 
contraceptiva, estrogen) 
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Assessment 

Provide items and suggestions for student assessment.   
 

Student Learning Activities 

Students will plan and do the following experiments guided by the teacher (and 
worksheets): 
 

Activity Inquiry type E-emphasis 

Chitin from Crab Shells Guided inquiry Explanation 

Chitosan from Chitin Guided inquiry Explanation 

Solubility of Chitosan Guided inquiry Exploration 

Chitosan binding Fat Guided Inquiry Exploration 

Preparation of Chitosan Films Guided/open inquiry Exploration 

Clarification of Fruit Juices Guided inquiry Extension 

 
 

B. Classroom Materials  
 

A. School experiments on chitin and chitosan 
B. Student worksheets related to the experiments 
C. Some articles given more background information about chitosan as 

slimming agent (found in the internet) 
 

A. School experiments on chitin and chitosan 

(Following you find parts of a publication by H.J. Bader/ E. Birkholz in: R.A.A. Muzzarelli 
and M.G. Peter, eds., Chitin Handbook, European Chitin Society. 1997. ISBN 88-86889-
01-1) 

“The school experiments described below, were developed with the aim of showing the 
complete chitin/chitosan path: starting with the isolation of chitin, the preparation of 
chitosan is introduced as well as characterization methods for both compounds, ending 
with examples for their use. Depending on teaching needs it is possible to make a 
selection, because the experiments are not interdependent. Simple experiments, e.g. 
analysis of the solubility of chitin and chitosan, are not included, but may be performed 
additionally without problems. 

Isolation of chitin and chitosan 

Generally, the isolation of chitin and chitosan from crab shells is possible (experiment 1 
and 2). If market products are used, cheap products of technical grade are recommended, 
because they are suitable for the experiments described below. 

 

Experiment 1: Chitin from crab shells 
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Duration: First step: 20 minutes without drying time; second step: 2 hours resp. first day: 
30 minutes, second day: 30 minutes; third step: 30 minutes without drying time. 

Equipment: beaker (400 ml), strainer (mesh size 3-4 mm), magnetic stirrer with heating 
plate, stirring rod, crystallization dish (0 14 cm), drying oven, balance, mortar with pestle, 
suction flask (500 ml), porcelain nutsch filter (0 9 cm), filter ring, water pump or diaphragm 
pump, thermometer, retort stand material, filter paper (0 9 cm). 

Reagents and materials: sodium hydroxide solution, w(NaOH) = 2 %, hydrochloric acid, 
w(HCl) = 7 %, crab shells, demineralized water. Procedure: 

First step: Coarse purification 

Crab shells (150 g) are coarsely cleaned by breaking and stirring with water for some 
minutes. Then the shells are filtered off. This process is repeated until sand and other soil 
are removed. The crab shells precleaned are dried overnight in the drying oven at 80°C. 
Second step: Protein removal 

15 g of the dried shells are grinded in a mortar and transferred to a beaker. Then 250 ml of 
sodium hydroxide solution are added and the mixture is heated under stirring at 60 - 70 °C 
for half an hour. The shells are filtered off with a strainer and the process is repeated. The 
filtrate should be almost clear and colorless. Then the shells are washed neutral with 
demineralized water. For time-saving the shells may be soaked in sodium hydroxide 
solution overnight, after the first sodium hydroxide treatment, then filtered off and washed. 
Third step: Calcium carbonate removal 

250 ml of hydrochloric acid are slowly added to the shells and the mixture is stirred at 
room temperature until no gas escapes. As a check, 10 ml of hydrochloric acid are added. 
If no generation of gas occurs, the mixture is filtered off and washed neutral with water. 
The product is dried overnight in the oven at 60 °C. 

Result: The chitin isolated is an almost colorless and fluffy substance. 15 g of precleaned 
crab shells yield 3 g of chitin, corresponding to a yield of 20 %. Faults: On reduction of the 
cleaning steps, the chitin obtained is not colorless. Waste disposal: Sodium hydroxide 
solution and hydrochloric acid are neutralized and poured down the sink. 

Experiment 2: Chitosan from chitin by alkaline hydrolysis 

Duration: First day: 70 minutes, second day: 30 minutes without drying time. Equipment: 
Round-bottomed three-necked flask (250 ml), connector (cone to hose coupling), reflux 
condenser, ground-glass thermometer, heating coil, magnetic stirrer, stirring rod, balloon, 
water pump or diaphragm pump, suction flask, filter ring, porcelain nutsch filter (0 9 cm), 
filter paper, crystallization dish (0 14 cm), drying oven, balance. 

Reagents and materials: sodium hydroxide solution, w(NaOH) = 50 %, chitin, nitrogen 
bomb. 

Procedure: In a round-bottom flask 150 ml sodium hydroxide solution are added to 2 g of 
chitin. The apparatus is flushed with nitrogen and then it is closed air-tightly with a 
nitrogen-filled balloon. Now the mixture is heated under stirring to at 125°C for one hour. 
The mixture is allowed to cool and then 100 ml of water are added. The next day the 
mixture is filtered off and the residue is washed with water to neutral reaction and dried in 
the oven at 60°C. 
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Result: The chitosan obtained is an almost colourless and fluffy substance resembling 
chitin. The conversion of 2 g of chitin yields 1.5 g of chitosan. Waste disposal: Mother 
liquor and washing water are neutralized and poured down the sink. 

Analysis of chitin and chitosan 

Like starch chitosan forms with iodine an inclusion complex, which has a purple colour in 
acidic medium. On the other hand, the chitin is unable to accommodate iodine molecules 
(experiment 3). In contrast to alkaline hydrolysis the glycosidic bonds of chitin between the 
sugar units are cleaved by acidic hydrolysis. The amide bond in chitin is preserved. 
Degradation of chitin leads to N-acetylglucosamine and corresponding oligomers. 
Hydrolysis of chitosan yields glucosamine and its oligomers (experiments 4 and 5): 

The aldehyde groups of the glucosamine and N-acetylglucosamine are oxidized by 
Fehling's solution to carboxylic acids, whereas the divalent copper is reduced to univalent 
copper, which precipitates as brick-red coloured copper(I) oxide in alkaline medium. The 
free aldehyde groups of chitosan are not sufficient for the Fehling's test (experiment 4), 
and. due to insolubility, the test with chitin is not feasible. The determination of free amino 
groups in chitosan is performed according to Slyke (Sommerfeld and Bader, 1995). 

 

Experiment 3: Differentiation of chitin and chitosan 

Duration: 10 minutes. 

Equipment: 2 watch glasses, 2 Pasteur pipettes. 

Reagents and materials: Chitin, chitosan, iodine/potassium iodide solution (0.2 g I2 are 
added to 100 ml of a potassium iodide solution, w(KI) = 5 %), sulphuric acid, w(H2S04) = 1 
%. 

Procedure: Some flakes of chitin or chitosan are put onto a watch glass. 2-3 drops of 
iodine/potassium iodide solution are added and the mixtures are acidified with 2-3 drops of 
sulphuric acid. 

Observation: After addition of iodine/potassium iodide solution the chitosan change color 
to dark brown and the solution becomes colorless. On addition of sulphuric acid the dark 
brown colors turns dark purple. 

In opposite the chitin remains unchanged on addition of iodine solution, which retains 
brownish-yellow colour. Also the acidification with sulphuric acid has no consequence. 

Precautions: The experiment has to be performed in the hood. Waste disposal: Chitin and 
chitosan treated are added to the waste jar for solids. 

 

Experiment 4: Acidic hydrolysis of chitin and chitosan and analysis of the products of 

hydrolysis 

Duration: 90 minutes. 

Equipment: 2 round-bottom flask (250 ml), 2 cork rings, measuring cylinders (100 ml and 
10 ml), 2 reflux condenser, 2 heating coils, 2 magnetic stirrer, 2 stirring rods, tubing, retort 
stand material, filter rack, filter paper, glass filter. Reagents and materials: Chitin, chitosan, 
diluted hydrochloric acid, w(HCl) = 7 %, concentrated hydrochloric acid, w(HCl) = 24 %, 
acetic acid, w(C2H4O2) = 12 %, Fehling's solution I and II. 
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Procedure: 1 g of chitin and 1 g of chitosan are added each to a round-bottomed flask 
filled with 100 ml of diluted hydrochloric acid. 10 ml of concentrated hydrochloric acid are 
added to each mixture. The flasks are heated to reflux for one hour. The reaction mixtures 
are allowed to cool down and then filtered off. 2 - 3 ml of each filtrate are mixed with 2 ml 
of Fehling's solution I and 2 ml of Fehling's solution II and the mixtures are heated for 
some minutes in a water bath. For comparison some flakes of chitosan are dissolved in 
acetic acid and mixed also with Fehling's solutions. 

Observation: Major parts of chitin and chitosan dissolve on heating with hydrochloric acid. 
The solutions are freely filterable, i.e. they are not viscous such as the chitosan/acetic acid 
solution. The Fehling's test proves feasible with the solution, in the case of chitosan it fails. 

Faults and precaution: The addition of too much concentrated hydrochloric acid results in a 
decomposition of chitin and chitosan. 

Waste disposal: The filtrates are needed for experiment 5. Filtration residues are added to 
the waste jar for solids. The samples obtained by the Fehling's test are neutralized and 
added to the waste jar for heavy-metal solutions. 

 

Experiment 5: Determination of the hydrolyzates of experiment 4 by chromatography 

Duration: 40 minutes. 

Thin layer chromatography (TLC) on a silica gel plate with mobile solvent made of 10 % of 
water, 15 % of methanol, 25 % of water-free acetic acid and 50 % of 1,2-dichloroethane 
produces the result shown in Figure 1. (Spray reagent: 0.5 g of thymol are added to a 
mixture of 5 ml sulphuric acid (w(H2S04) = 96 %) and 95 ml of ethanol; reference solution: 
10 mg of N-acetylglucosamine added to 20 ml of water, 10 mg of glucosamine 
hydrochloride are added to 20 ml of water, 10 mg of N-acetylglucosamine and 10 mg of 
glucosamine are added to 20 ml of water). 

Observation (cf. Figure 1): The main spot in the chromatogram of the filtrate obtained from 
the acidic hydrolysis of chitin corresponds to the spot of the N-acetylglucosamine 
reference on regarding its position and brownish colour. Both chromatograms of the 
filtrates show below the main spots further spots, which are graded downwards and which 
are paler in intensity. Those indicate different 

oligomers of N-acetylglucosamine and glucosamines consisting of 2 to 4 sugar units. 
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Figure 1. Chromatogram of products obtained in hydrolysis of chitin and chitosan. A: 
Filtrate of acidic hydrolysis of chitin, B: N-acetylglucosamine reference, C: N-
acetylglucosamine/glucosamine reference, D: glucoseamine reference, E: filtrate of acidic 
hydrolysis of chitosan. 

 

Usings of chitin and chitosan 

The macromolecule chitin is used for the preparation of transparent films, because of its 
film-forming properties, which are caused to intramolecular and intermolecular hydrogen 
bonds. Therefore it is possible to use tetraethylene glycol as softening agent, which, by 
hydrogen bond formation, intercalates between the chitosan molecules (experiment 6). 

Besides copper many other heavy metal ions like nickel, zinc, cobalt, iron(II), chromium(III) 
are chelated by chitosan. (Sommerfeld and Bader, 1995). The addition of very small 
amounts of chitosan to protein-containing waste water causes a agglomeration of the 
colloidally dissolved protein, as demonstrated in experiment 7. The Polycationic properties 
of chitosan decrease the electrical charge on the surface of the colloidally dissolved 
proteins and so allow the flocculation. The solutions treated show a negative biuret test 
and only a very faint Tyndall effect, indicating very small amounts of proteins. A 
comparable effect is shown in experiment 8, where clarification of naturally cloudy juices is 
described. Juices contain naturally occuring polyanionic tannins and other suspended 
materials. Polycationic chitosan forms with those compounds ionic macromolecular 
complexes which are centrifuged off. 
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In alkaline medium chitosan reacts with monochloro acetic acid to N,0-carboxymethyl 
chitosan, experiment 9: 

Like chitosan the carboxymethyl chitosan forms transparent films (experiment 10). Here 
the film-forming properties are also based on intramolecular and intermolecular hydrogen 
bond formation. 

Experiment 11 shows very impressively, that a film made of N,0-carboxymethyl chitosan 
protects and conserves fruit. Without problems the coating is removed by washing before 
consumption. Fruits treated in this way keep well for more than three months when stored 
cool. 

If chitosan is dissolved in hydrochloric acid, water soluble chitosan hydrochloride is formed 
(experiment 12): 

When paper is treated with a solution of this hydrochloride, a film is formed on the surface, 
which becomes is water-repellent. This is nicely demonstrated with ink as described in 
experiment 13. 
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Experiment 6: Preparation of chitosan films 

Duration: First day: 30 minutes, second day: 5 minutes. 

Equipment: 2 beaker (250 ml), magnetic stirrer with heating plate, stirring rod, Pasteur 
pipette, small-meshed strainer, 2 plastic plates (30 x 30 cm2) or rinsing bowl. 

Reagents: Chitosan, acetic acid, w(C2H402) = 12 %, tetraethylene glycol. Procedure: Two 
beakers are filled each with 2 g of chitosan and 100 ml of acetic acid. Under slight heating 
and stirring the chitosan is dissolved. After cooling one of the solutions is poured through a 
strainer onto a plastic plate or on the backside of a rinsing bowl. The content of the second 
beaker is mixed with 0.2 g of tetraethylene glycol and the mixture is stirred for some 
minutes. Afterwards this solution is poured through a strainer onto a plastic plate or on the 
backside of a rinsing bowl too. The slightly viscous solutions are not smoothed down. The 
solvent is allowed to vaporize overnight. 

Observation: After the vaporization of the solvent in both experiments a flexible, tear 
resistant and transparent film remains, which is easily peeled off the plate. The film with 
additional tetraethylene glycol is softer than the pure chitosan film. Faults and precautions: 
If the solutions are poured directly onto plastic plates without using strainer, it is possible 
that chitosan particles not dissolved completely cause thickenings and uneven patches. 
Besides, pouring through strainer prevents the formation of bubbles. 

If too much of the softener is added, the two components separate and after some time the 
softener forms oily drops on the film. 

Waste disposal and cleaning: Immediately after use the strainer should be cleaned with 
running water. 

 

Experiment 7: Use of chitosan for cleaning of protein-containing waste water. 

Duration: 20 minutes. 

Equipment: 2 beaker (100 ml), 2 test tubes, 2 centrifuge tubes, magnetic stirrer, stirring 
rod, Pasteur pipette, centrifuge, light source (e.g. laser), pH paper. 

Reagents and materials: Fresh egg-white, chitosan solution, w(C6H11N04)n = 0,5 %,  
sodium hydroxide solution, w(NaOH) = 5  %,  copper sulfate solution, c(CuS04) = 1 mol/1, 
acetic acid, c(C2H4O2) = 0,2 mol/l. 

Procedure: Preparation of chitosan solution: Under slight heating 1 g of Chitosan is 
dissolved in 50 ml of diluted acetic acid (w ~ 1,2 %). The solution is diluted with 
demineralized water to a volume of 200 ml, resulting in a 0,5-per-cent chitosan solution in 
0,3-per-cent acetic acid. This solution shows no Tyndall effect. 

50 ml of demineralized water are added to 1 g of fresh egg-white. After short-time stirring 
0,5 g of chitosan are added and the mixture is stirred for another 5 minutes. Now the 
solution is centrifuged for 10 minutes. Then a biuret test for protein is performed and the 
solution is tested for the Tyndall effect. Observation: If water is added to egg-white, then a 
cloudy unfiltrable solution is formed. After addition of chitosan the precipitate 
agglomerates. The pH value amounts to 7. The centrifugate is clear. The biuret test proves 
unsuccessful A very slight Tyndall effect is visible. 
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Faults and precautions: The heating of the protein solution has an unfavourable effect on 
results. If more than 60 mg/1 of chitosan are added to the protein solution, the centrifugate 
remains cloudy. Waste disposal: The solutions are poured down the sink. 

 

Experiment 8: Clarification of fruit juices 

Duration: 20 minutes. 

Equipment: Beaker (100 ml), magnetic stirrer, stirring rod, centrifuge, centrifuge tubes, 
Pasteur pipette, light source (e.g. laser). 

Reagents and materials: Chitosan, naturally cloudy juice (e.g. apple juice). Procedure: 50 
ml of naturally cloudy apple juice are mixed with 0,1 g of chitosan and the mixture is stirred 
for 5 minutes. Then the solution is centrifuged for 10 minutes. Equally, 50 ml of naturally 
cloudy apple juice without additional chitosan are centrifugated as blank test. 

Observation: The centrifugate of the apple juice mixed with chitosan is completely clear 
and no Tyndall effect is visible. In opposite, the centrifugate of the untreated apple juice 
shows same cloudiness as before. The Tyndall effect is visible. 

Faults and precautions: If too much chitosan is added, the centrifugate remains cloudy. 
Waste disposal: The solutions are poured down the sink. 

 

Experiment 9: Preparation of N,0-carboxymethyl chitosan 

Duration: 90 minutes (without drying time). 

Equipment: 2 beaker (100 ml), magnetic stirrer, stirring rod, filter, filter rack, filter paper, pH 
paper, crystallization dish (0 9 cm), desiccator, water pump. Reagents and materials: 
chitosan, monochloroacetic acid, sodium hydroxide solution, w(NaOH) = 50 %, acetic acid, 
w(C2H402) = 98 %, acetic acid, w(C2H402) = 12 %, ethanol, silica gel blue. 

Procedure: 1 g of chitosan is suspended in 50 ml of diluted sodium hydroxide solution. 
Then 1 g of monochloroacetic acid is added carefully. Now the mixture 

is stirred for 1 hour. Afterwards the pH value is brought to 5 by addition of acetic acid and 
the precipitate formed is filtered off. The product is washed with ethanol and finally it is 
dried in the desiccator over silica gel blue. Observation: After stirring for 1 hour a high 
viscous solution is formed. On addition of acetic acid (pH 5) a flocculent, almost colorless 
precipitate is formed, which is easily filtered off. 

Faults and precautions: Because of the vigorous reaction by addition of chloroacetic acid 
to sodium hydroxide solution, the experiment has to be performed in the hood and 
protective gloves have to be worn. If stirring time is shortened, possibly not all of the 
chitosan has reacted with the monochloroacetic acid. In this case in alkaline medium 
undissolved chitosan remains. Waste disposal: The acetic acidic solution is neutralized 
and poured down the sink. 

 

Experiment 10: Preparation of films made of N,0-carboxymethyl chitosan 

Duration: First day: 15 minutes, second day: 5 minutes. 
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Equipment: Beaker (250 ml), magnetic stirrer with heating plate, stirring rod, Pasteur 
pipette, small-meshed strainer, plastic plate (30 x 30 cm2) or rinsing bowl. 

Reagents and materials: N,0-carboxymethyl chitosan, demineralized water. Procedure: 2 g 
of N,O-carboxymethyl chitosan are dissolved under slight heating and stirring in 100 ml of 
demineralized water. After cooling the solution is poured through a small-meshed strainer 
onto a plastic plate or on the backside of a rinsing bowl. The solution is not smoothed 
down and the water is allowed to vaporize overnight. 

Observation: After the vaporization of the solvent a flexible, tear resistant, transparent and 
very strong film remains, which is easily peeled off the plate. Faults and precautions: If the 
solutions are poured directly onto plastic plates without using strainer, it is possible that 
N,0-carboxymethyl chitosan particles not dissolved completely cause thickenings and 
uneven patches. Besides, pouring through strainer prevents the formation of bubbles. 

Waste disposal and cleaning: Immediately after use the strainer should be cleaned with 
running water. 

 

Experiment 11: Preservation of fruits with N,O-carboxymethyl chitosan 

Duration: 20 minutes without waiting period. 

Equipment: Beaker (100 ml), magnetic stirrer with heating plate, stirring rod, 2 watch 
glasses (0 14 cm), paper cloths, refrigerator. 

Reagents and materials: N,0-carboxymethylchitosan, demineralized water, plums. 

Procedure: Under slight heating 1 g of N,0-carbonxymehthyl chitosan is dissolved in 50 ml 
of demineralized water. After cooling the plums are dipped into the solution and then 
allowed to dry on a paper cloth. Then treated and untreated plums are put each onto a 
watch glass in the refrigerator and are observed for a longer period. 

Observation: The treated plums are covered with a slightly gleaming and transparent film, 
which does not feel waxy. After one week the fruits untreated show the first changes. With 
continuing time they look always more wrinkly and after two weeks the first moulding is 
observable. In opposite the treated fruits do not show any changing. 

Faults and precautions: Untreated fruits should be used for the experiment. Without 
storage in the refrigerator, the preservation time reduces. Alternatives: Beside plums other 
fruits as apples, pears, cherries and peaches may be treated. 

Waste disposal: Residues of N,0-carboxymethyl chitosan solution are poured down the 
sink. 

 

Experiment 12: Preparation of chitosan hydrochloride 

Duration: 15 minutes. 

Equipment: Beaker (250 ml), magnetic stirrer with heating plate, stirring rod, filter, filter 
rack, filter paper, desiccator. 

Reagents and materials: Chitosan, hydrochloric acid, c(HCl) = 2 mol/1, silica gel blue. 
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Procedure: 2 g of chitosan are mixed with 100 ml of hydrochloric acid and the mixture is 
heated to boiling. After cooling the precipitate is filtered off and dried in the desiccator over 
silica gel blue. 

Observation: The chitosan dissolves completely at boiling heat. On cooling the solution a 
fine, white and crystalline precipitate is formed. 

Faults and precautions: Chitosan hydrochloride only dissolves completely at boiling. 
Already at temperatures just below the boiling point the chitosan is not dissolved or 
precipitates immediately as chitosan hydrochloride. 

Waste disposal: The filtrate is neutralized and poured down the sink. 

 

Experiment 13: Treatment of paper with chitosan hydrochloride 

Duration: 30 minutes. 

Equipment: 2 crystallization dishes (0 14 cm), 2 pincers, hair-drier, balance. 

Reagents and materials: Chitosan hydrochloride, demineralized water, paper (ca. 8x8 
cm2), ink. 

Procedure: In a crystallization dish 1 g of chitosan hydrochloride is dissolved in water. Now 
some pieces of paper are dipped into the solution and then dried in hot air. With different 
paper samples this process is performed once, twice and three times. Ink drops are put 
onto untreated and treated paper samples. Observation: The often the paper is treated 
with chitosan hydrochloride, the slower the ink is soaked up. 

Faults and precautions: The ink drops have to have the same size for a comparison of the 
formed spots. 

Waste disposal: The treated paper is added to the waste jar for solids. The dipping 
solutions are poured down the sink.” 

 

B. Student worksheets related to the experiments 

 

Chitin from crab shells 

 
Source: 

According to Bader, Birkholz, in: Chitin Handbook, R.A.A. Muzzarelli and M.G. Peter, eds., 
European Chitin Society. 1997. ISBN 88-86889-01-1 

Equipment: 

Beaker (400 ml), strainer (mesh size 3-4 mm), magnetic stirrer with heating plate, stirring 
rod, crystallization dish (Ø 14 cm), drying oven, balance, mortar with pestle, suction flask 
(500 ml), porcelain nutsch filter (Ø 9 cm) 

Reagents and materials: 
 

Reagents and materials R-Phrases S-Phrases Danger symbol 
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Sodium hydroxide solution 
(w=2%) 

36/38 26 

 
Hydrochloric acid (w=7%)    

Crab shells    

 
 
Procedure: 

  Do not forget safety glasses and lab coat!  
 
1st step: coarse purification 

150 g of crab shells are coarsely cleaned with water by stirring the broken shells in a 400 
ml beaker with water for a few minutes. After this, the shells are filtered off. This process is 
repeated until sand and other soil are removed. The precleaned crab shells are dried 
overnight in the drying oven at 80°C.  
 
2nd step: Protein removal 

15 g of the dried shells are grinded in a mortar and transferred to a beaker. Then 250 ml of 
sodium hydroxide solution are added and the mixture is heated under stirring at 60-70°C 
for half an hour. The shells are filtered off with a strainer and the process is repeated. The 
filtrate should almost be clear and colorless. Then the shells are washed with 
demineralized water til neutral reaction. For time-saving the shells may be soaked in 
sodium hydroxide solution overnight after the first sodium hydroxide treatment, then 
filtered off and washed. 
 
3rd step: Calcium carbonate removal 
250 ml of hydrochloric acid are slowly added to the shells and the mixture is stirred at 
room temperature until no gas escapes anymore. As a check, 10 ml of hydrochloric acid 
are added. If no further generation of gas occurs, the mixture is filtered off and washed 
neutral with water. The product is dried overnight in the oven at 60°C.  

 Sodium hydroxide solution and hydrochloric acid are neutralized and poured down 
the sink. 
Observation: 

 

 

Anaylsis: (Pictures of the formulas created with Chemdraw) 

The obtained Chitin is a dim pink-beige colored, fluffy substance. 15g of precleaned crab 
shells yield 3 g of chitin. 
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Chitin: Poly-β-1,4-N-acetyl-D-glucosamine 

 

Chitosan from Chitin by alkaline hydrolysis 
 
Source: 

According to Bader, Birkholz, Chitin Handbook, R.A.A. Muzzarelli and M.G. Peter, eds., 
European Chitin Society. 1997. ISBN 88-86889-01-1, with additions 

Equipment: 

Round-bottomed three-necked flask (250 ml, two NS 14, one NS 29), connector (cone to 
hose coupling), reflux condenser, ground-glass thermometer (NS 14), heating coil, 
magnetic stirrer, stirring rod, balloon, water pump, suction flask, porcelain nutsch filter (Ø 9 
cm), filter paper, crystallization dish (Ø 14 cm), drying oven, balance 

Reagents and materials: 
 

Reagents and materials: R-Phrases S-Phrases Danger symbol 

Sodium hydroxide solution 
(w=50%) 

35 26-36/37/39-45 

 
Chitin    

 
Procedure: 

  Do not forget safety glasses, safety gloves and lab coat! 
 
In a round-bottomed flask 150 ml sodium hydroxide solution are added to 2 g of chitin. The 
apparatus closed air-tightly with a balloon (the literature recommends working with a 
protection gas (Nitrogen). For school purposes, this can be done without). With backflow 
and under stirring, the mixture is heated at 125°C for one hour. The mixture is allowed to 
cool down and then 100 ml of water are added. The next day the mixture is filtered off and 
the residue is washed with water to neutral reaction and dried in the oven at 60°C. 
 
Remark: The ground joint has to be well-greased (possibly using teflon hulls)! 

 Mother liquor and washing water are neutralized and poured down the sink.  
Observation: 
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Analysis: (Pictures of the formulas created with Chemdraw) 

The obtained Chitosan is a dim pink-beige coloured, fluffy substance very similar to Chitin. 
2 g of Chitin yield 1,5 g of Chitosan.  
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Chitosan: Poly-β-1,4-D-glucosamine 
 
Source of errors: 
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Links: 

 

 

 

Differentiation between chitin and chitosan 

 
Source: 

According to Bader, Birkholz, in: Chitin Handbook, R.A.A. Muzzarelli and M.G. Peter, eds., 
European Chitin Society. 1997. ISBN 88-86889-01-1 

Finger, H.: Chitin und Chitosan – Neue Rohstoffe auf dem Weg zur industriellen Nutzung, 
WS 1999/2000, Marburg,  

http://www.chemie.uni-marburg.de/~reiss/downloads/expvortr/646.pdf 

Equipment: 

2 watch glasses, 2 Pasteur pipettes. 

Reagents and materials: 

 
Reagents and materials R-Phrases S-Phrases Danger symbol 

Chitin    

Chitosan    

I2/Kl-solution (0,2 g I2 in 100 ml  
Kl-solution (w=5%)) 

   

Sulphuric acid (w=1%)    

 
 
Procedure: 

  Do not forget safety glasses and lab coat! Work at the extractor hood!  
 
Some flakes of chitin or chitosan are put onto a watch glass. 2-3 drops of I2/KI solution are 
added and the mixtures are acidified with 2-3 drops of sulphuric acid.  

 Chitin and chitosan treated are added to the waste jar for solids. 

Observation: 

After addition of I2/KI solution, the chitosan changes color to dark brown and the solution 
becomes colorless. On addition of sulphuric acid, the dark brown color turns dark purple. 

On the opposite side, chitin remains unchanged on addition of iodine solution, which 
retains its brownish-yellow color. Also, the acidification with sulphuric acid has no 
consequence.  
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Analysis:  

A definite analysis of the experiment does not exist, but a suggestion for an analysis, 
which shall be presented here: Like the reaction of iodine with starch, chitosan is meant to 
establish a host-guest complex. To make this clear, the complex is illustrated below. The 
starch exists in a helix-formed conformation, which creates void spaces, in which the poly-
iodine chains are inserted to. This is meant to happen similarly with chitosan. Chitin, on the 
other hand, is to be sterically inhibited in that regard (residues of acetylamine). However, a 
helix-formed order of the monomers, which is given with starch by α-1,4-links, is a 
requirement for this. In chitosan, however, the monomers are β-1,4-linked (according to 
Finger). 

 

Fig.: Iodidine-Starch host-guest complex 

Source of errors: 

 

Links: 

 

Preparation of chitosan films 

 

Source: 

According to Bader, Birkholz, in: Chitin Handbook, R.A.A. Muzzarelli and M.G. Peter, eds., 
European Chitin Society. 1997. ISBN 88-86889-01-1 

Equipment: 

2 beaker (250 ml), magnetic stirrer with heating plate, stirring rod, Pasteur pipette, small-
meshed strainer, 2 plastic plates (30 cm x 30 cm) or rinsing bowl 

Reagents and materials: 
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Reagents and materials R-Phrases S-Phrases Danger symbol 

Chitosan    

Acetic acid (w=12%) 36/38 26 

 
Tetraethylene glycol    

 
 
Procedure: 

  Do not forget safety glasses, safety gloves and lab coat! Work at the 
extractor hood!  

Two beakers are filled each with 2 g of chitosan and 100 ml of acetic acid. Under slight 
heating and stirring the chitosan is dissolved. After cooling one of the solutions is poured 
through a strainer onto a plastic plate or on the backside of a rinsing bowl. The content of 
the second beaker is mixed with 0.2 g of tetraethylene glycol; the mixture is stirred for 
some minutes. Afterwards this solution is poured through a strainer onto a plastic plate or 
on the backside of a rinsing bowl too. The slightly viscous solutions are not smoothed 
down. The solvent is allowed to vaporize under the extractor hood overnight. 
 

 Immediately after use, the strainer should be cleaned with running water. 
 
Observation: 

After the vaporization of the solvent in both experiments a flexible, tear resistant and 
transparent film remains, which is easily peeled off the plate. The film with additional 
tetraethylene glycol is softer than the pure chitosan film 

Analysis: (Pictures of the formulas created with Chemdraw) 

For the creation of transparent films, the film-creating characteristics of the macro 
molecule chitosan are used, which are caused by intra- and inter-molecular hydrogen 
bonds. Tetraethylene glycol can serve as a softening agent in this case, as it inserts itself 
into the chitosan molecules under the creation of hydrogen bonds. 
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Fig.: Chitosan film without softening agent 
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Fig.: 
Chitosan film with tetraethylene glycol as softening agent 

Source of errors: 

If the solutions are poured directly onto plastic plates without using strainer, it is possible 
that chitosan particles not dissolved, completely cause thickenings and uneven patches. 
Besides, pouring through strainer prevents the formation of bubbles. 

If too much of the softener is added, the two components separate and after some 
time the softener forms oily drops on the film. 
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Links: 

 

Clarification of fruit juices 

 

Source: 

According to Bader, Birkholz, in: Chitin Handbook, R.A.A. Muzzarelli and M.G. Peter, eds., 
European Chitin Society. 1997. ISBN 88-86889-01-1 

Equipment: 

Beaker (100 ml), magnetic stirrer, stirring rod, centrifuge, centrifuge tubes, Pasteur pipette, 
light source (e.g. laser). 

Reagents and materials: 
 

Reagents and materials R-Phrases S-Phrases Danger symbol 

Chitosan    

Naturally cloudy juice (e.g. 
apple juice) 

   

 

 

Procedure: 

 

  Do not forget safety glasses and lab coat!  

 

50 ml of naturally cloudy apple juice are mixed with 0,1 g of chitosan and the mixture is 
stirred for 5 minutes. Then the solution is centrifuged for 10 minutes. Parallel, 50 ml of 
naturally cloudy apple juice without additional chitosan are centrifugated as blank test. 

 

  The solutions are poured down the sink. 

Observation: 

The centrifugate of the apple juice mixed with chitosan is completely clear and no Tyndall 
effect is visible. In opposite, the centrifugate of the untreated apple juice shows same 
cloudiness as before. The Tyndall effect is visible. 

Analysis: (Pictures of the formulas created with Chemdraw) 

Fruit juice without addition of chitosan does not show any clarification when filtrated and 
centrifugated as it is a suspension, in which natural poly-anionic tannins and other matter 
exist colloidally suspended. Fruit juice does not show a Tyndall effect after adding chitosan 
and centrifugating it. This is due to the poly-cationic characteristics of chitosan. As a poly-
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cation, chitosan builds ionic macromolecular complexes with these compounds which can 
be centrifugated off. 
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Source of errors: 

If too much chitosan is added, the centrifugate remains cloudy. . 

Links: 

Tyndall effect: An effect of light scattering by colloidal particles or particles in suspension. 
It is named after the 19th century Irish scientist John Tyndall. It is similar to Rayleigh 
scattering, in that the intensity of the scattered light depends on the fourth power of the 
frequency, so blue light is scattered more strongly than red light. An example in everyday 
life is the blue colour sometimes seen in the smoke emitted by motor bikes. The 
phenomenon is best explained as the particle size is much greater than the wavelength of 
light.. Source: http://en.wikipedia.org/wiki/Tyndall_effect  

 
 

C. Some articles given more background information about chitosan as 
slimming agent (found in the internet): 

Article 1 

Is Chitosan a "Fat Magnet"? 
Stephen Barrett, M.D. 

Question 

Ads for chitosan claim it can lower cholesterol and produce rapid weight loss by blocking the 

absorption of fat. Is this true? 

Answer 

Chitosan is derived from chitin, a polysaccharide found in the exoskeleton of shellfish such as 

shrimp, lobster, and or crabs. Many sellers claim that chitosan causes weight loss by binding fats in 

the stomach and preventing them from being digested and absorbed. Some refer to it as a "fat 

magnet." It is even marketed as a weight-control product for dogs. 

Although chitosan can decrease fat absorption, the amount contained in the capsules is too small to 

have much of an effect on cholesterol levels. Moreover, with better, more predictable cholesterol-

http://en.wikipedia.org/wiki/Tyndall_effect
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lowering products available, it doesn't make much sense to use chitosan for that purpose. There is 

no evidence that chitosan is effective for weight control. 

The British Advertising Standards Authority has upheld complaints about chitosan products 

advertised by eight companies. In the case where "Fat Magnets" capsules were described as "the 

much acclaimed fat absorbing food supplement," the Authority concluded: 

The advertisers said the product was sold not on a slimming platform but on the grounds that, by 

absorbing fat, it prevented weight gain. They argued that the advertisement was for a food 

supplement, not a slimming aid, and was therefore not subject to Clause 51. [This clause states: Any 

claims made for the effectiveness or action of a slimming method or product should be backed 

where appropriate by rigorous practical trials on people; testimonials that are not supported by trials 

do not constitute substantiation.] The advertisers provided a technical report of the product's 

contents (which included Chitosan) and copies of nearly 30 trials carried out on animals, in vitro, 

and on humans. They provided the results of a telephone survey of 201 people. The Authority noted 

that respondents to the survey did not see the name in context and considered that readers would 

infer from the advertisement, partly because of the product's name, that the tablets would aid weight 

loss. Some of the trials showed a relationship between the consumption of Chitosan and weight loss 

over a four-week period for, in aggregate, a large number of people. The Authority took expert 

advice and concluded that there were many problems with, and incompatibilities between, the trials. 

It noted that the human trials that showed weight loss had appeared in a toxicology journal that was 

not known internationally for its expertise in weight-related matters. The Authority acknowledged 

the volume of material amassed by the advertisers but concluded that, because of the shortcomings 

in the reports of the trials, the ability of Chitosan to prevent the absorption of enough dietary fat to 

affect energy balance in humans had not been substantiated. Because of this and the product's name, 

the Authority asked the advertisers both to make clear in future that the product had not been 

proven to aid slimming or prevent weight gain and to consult the Copy Advice team before 

advertising the product again. [1] 

Three studies have found no significant differences in weight or serum cholesterol levels between 

subjects who took chitosan and those who received a placebo. One study involved 30 overweight 

volunteers who received four capsules of either chitosan or a placebo for 28 consecutive days and 

were told to eat their normal diet. The chitosan and placebo groups showed no differences in weight 

or serum cholesterol levels [2]. The second study involved 51 healthy obese women followed for 8 

weeks. The chitosan group had slightly (but not significantly) greater cholesterol reduction than the 

placebo group, but no difference in weight occurred between the two groups [3]. The other study, 

which involved 68 obese men and women, found no improvement in weight, body composition, 

blood pressure, or lipid profile [4]. 

Another study has found that the amount of fat actually removed by chitosan is insignificant. The 

study involved 15 men who consumed five meals per day for 12 days with a daily total of about 25 

grams of fat. The amount of fat excreted during four days when they took chitosan supplements was 

then compared to the amount excreted without chirosan. Taking 10 capsules of chitosan per day 

increased fecal fat excretion by only about 1 gram (9 calories), which would have no significant 

effect on a person's weight [5]. 
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U.S. Government Actions 

On August 31, 1999, the FDA warned the president of TRY-Lean, Inc., to stop making claims that 

taking his company's chitosan-containing products would reduce the risk of obesity, high blood 

pressure, heart attack, and cancer [6]. 

In 2000, the marketers of "The Enforma System" agreed to settle FTC charges of deceptively 

advertising that the user could "eat what you want and never, ever, ever have to diet again." The 

FTC complaint named Enforma Natural Products, Inc., its president and chief executive officer, 

Andrew Grey, and Fred Zinos, a former vice president of sales and marketing. The system consists 

of "Fat Trapper," a chitosan-based product purported to prevent the absorption of dietary fat; and 

"Exercise In A Bottle," a pyruvate product that supposedly increases the body's capacity to burn fat. 

The system was promoted chiefly through televised 30-minute infomercials, featuring former 

baseball player Steve Garvey, as well as through the company's Web site. The settlement prohibits 

the marketers from making unsubstantiated claims that any product, service, or program: provides 

weight control without dieting or exercise; prevents fat absorption; increases metabolism; burns fat; 

or allows weight loss even if users eat high-fat foods. The company must also pay $10 million to be 

used for refunds or distributed to the U.S. Treasury [7]. 
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Article 2 
Eur J Clin Nutr. 1999 May;53(5):379-81.  
 

Randomized, double-blind trial of chitosan for body weight reduction. 
Pittler MH, Abbot NC, Harkness EF, Ernst E. 

Department of Complementary Medicine, School of Postgraduate Medicine and Health Sciences, 
University of Exeter, United Kingdom. 

BACKGROUND: Overweight and obesity is a prevalent and costly threat to public health. Compelling 
evidence links overweight and obesity with serious disorders such as cardiovascular diseases and 
diabetes. Dietary regimen are notoriously burdened with poor compliance. Chitosan is promoted in 
the US and other countries as an oral remedy to reduce fat absorption and has now been 
incorporated as a major constituent into several over-the-counter remedies. The primary aim of this 
study is to investigate the clinical effectiveness of oral chitosan for body weight reduction. 
METHODS: Thirty-four overweight volunteers were included in a randomized placebo-controlled 
double-blind trial. Subjects were assigned to receive either four capsules of chitosan or 
indistinguishable placebo twice daily for 28 consecutive days. Measurements were taken at baseline, 
after 14 and 28d of treatment. Subjects maintained their normal diet and documented the type and 
amount of food consumed. Adverse effects were assessed and compliance monitored. RESULTS: 
Data from 30 subjects were entered into an intention-to-treat analysis. After four weeks of treatment, 
body mass index, serum cholesterol, triglycerides, vitamin A, D, E and beta-carotene were not 
significantly different in subjects receiving chitosan compared to those receiving placebo. Vitamin K 
was significantly increased after four weeks in the chitosan group compared with placebo (P<0.05). 
Compliance was 91.5% and 96.0% for chitosan and placebo groups respectively. CONCLUSION: 
The above data suggest that chitosan in the administered dosage, without dietary alterations, does 
not reduce body weight in overweight subjects. No serious adverse effects were reported. 

PMID: 10369493 [PubMed - indexed for MEDLINE] 
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Article 3 

Methods Find Exp Clin Pharmacol. 1999 Jun;21(5):357-61.   
 

Decrease in serum LDL cholesterol with microcrystalline chitosan. 
Wuolijoki E, Hirvelä T, Ylitalo P. 

Finn-Medi Research Ltd., Department of Pharmacological Sciences, University of Tampere, Finland. 

Peroral microcrystalline chitosan (MCCh; 3 capsules, each 400 mg b.i.d.) or placebo was given for 8 
weeks in a double-blind manner to 51 healthy obese women just before routine hospital and home 
meals. Weight records, serum lipids (total, LDL and HDL cholesterol, triglycerides) and safety 
laboratory parameters were monitored before the trial and at 4, 6 and 8 weeks of treatment. In a 
subgroup of subjects with a body mass index > or = 30 who had not changed their eating habits, 
serum LDL cholesterol decreased 0.57 +/- 0.72 mmol/l (n = ll) at 4 weeks in the MCCh group and 
0.10 +/- 0.60 mmol/l (n = 14) in the placebo group (p < 0.05). At 8 weeks, LDL cholesterol reduction 
was 0.48 +/- 0.91 mmol/l in the MCCh group and 0.26 +/- 0.57 mmol/l in the placebo group (p > 0.1). 
In all subjects, the reduction in LDL cholesterol at 4 weeks was 0.48 +/- 0.72 mmol/l (n = 24) in 
MCCh subjects and 0.18 +/- 0.58 mmol/l (n = 27) in placebo subjects (p = 0.057), and 0.52 +/- 0.69 
mmol/l and 0.31 +/- 0.63 mmol/l, respectively, at 8 weeks (p > 0.1). MCCh did not significantly alter 
serum total and HDL cholesterol (p > 0.1), but slightly increased serum triglycerides compared to 
placebo (p = 0.015-0.06). No reductions in weight were observed in any treatment group. Chitosan 
was well tolerated and no serious adverse events or changes in safety laboratory parameters were 
noted including serum fat-soluble vitamins A and E, and serum Fe++ and transferrin. 

PMID: 10420392 [PubMed - indexed for MEDLINE] 
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Article 4 
Singapore Med J. 2001 Jan;42(1):6-10. Comment in: Singapore Med J. 2001 May;42(5):230-1.  

 

In the absence of dietary surveillance, chitosan does not reduce plasma 
lipids or obesity in hypercholesterolaemic obese Asian subjects. 

Ho SC, Tai ES, Eng PH, Tan CE, Fok AC. 

Department of Endocrinology, Singapore General Hospital, Singapore. 

OBJECTIVE: To investigate the effects of Absorbitol on body weight, anthropometry, body 
composition, blood pressures and lipid profiles in obese, hypercholesterolaemic subjects without 
dietary restriction. DESIGN: A randomised, double blind. Placebo-controlled study. SUBJECTS: 
Normal volunteers with no history of chronic illnesses (n=88) who were obese (body fat percentage > 
20% in males and > 30% in females) and hypercholesterolaemic (total cholesterol > 5.20 mmol/L). 
Sixty-eight (72.3%) subjects completed the study. INTERVENTION: After a 4 week run in phase, 4 
placebo/Absorbitol (250 mg) capsules were prescribed 3 times a day before meals. Subjects 
received written information on healthy lifestyle but there was no dietary restriction or monitoring. 
MAIN OUTCOME MEASURES: Weight, body mass index, lean body mass, waist, hip, blood 
pressure, fasting lipids and insulin levels were taken at baseline, 4th and 16th week of the study. 
STATISTICAL ANALYSIS PERFORMED: Analyses were on an intention-to-treat basis. 
Comparisons between groups were made using Student's t and Mann-Whitney tests for parametric 
and non-parametric data respectively. RESULTS: There was no significant change in the measured 
parameters in Absorbitol treated subjects compared to those on placebo, with exception of HDL-
cholesterol which increased in the absorbitol group and decreased in the placebo group (p=0.048). 
The side effects of Absorbitol were also comparable to that of placebo. CONCLUSIONS: In the 
absence of dietary surveillance, Absorbitol does not bring about improvement in weight, 
anthropometry, body composition, blood pressure or lipid profile. 

PMID: 11361230 [PubMed - indexed for MEDLINE] 
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Artikel 5 
Obesity Research 11:683-688 (2003) 
© 2003 The North American Association for the Study of Obesity  

 
Original Research 

Chitosan Supplementation and Fecal Fat Excretion in Men  
Matthew D. Gades

*
 and Judith S. Stern

*,
  

*
 Department of Nutrition and Department of Internal Medicine, University of California Davis, 

Davis, California.  

Address correspondence to Dr. Judith S. Stern, Department of Nutrition, University of California at 

Davis, One Shields Avenue, Davis, CA 95616. E-mail: jsstern@ucdavis.edu  

Objective: Few weight loss supplements are clinically tested
 
for efficacy, yet their proliferation 

continues. Chitosan-based
 
supplements are sold as fat trappers and fat magnets. They purportedly

 

block fat absorption and cause weight loss without food restriction.
 
We quantified the in vivo effect 

of a chitosan product on fat
 
absorption.

 
 

Research Methods and Procedures: Participants (n = 15) consumed
 
five meals per day for 12 days. 

Energy intake was not restricted.
 
Participants consumed no supplements during a 4-day control

 

period and two capsules five times per day (4.5 g chitosan/d),
 
30 minutes before each meal, during a 

4-day supplement period.
 
All feces were collected from days 2 to 12. Oral charcoal markers

 

permitted division of the feces into two periods. The two fecal
 
pools were analyzed for fat content.

 
 

Results: Participants were male, 26.3 ± 5.9 years old,
 
BMI of 25.6 ± 2.3 kg/m

2
. Subjects consumed 

133 ±
 
23 g of fat/d and 12.91 ± 1.79 MJ/d (3084 ± 427

 
kcal/d). Individual meals averaged 26.3 ± 9.3 

g of fat.
 
With chitosan supplementation at 10 capsules/day, fecal fat

 
excretion increased by 1.1 ± 1.8 

g/d (p = 0.02), from
 
6.1 ± 1.2 to 7.2 ± 1.8 g/d.

 
 

Discussion: The effect of chitosan on fat absorption is clinically
 
negligible. Far from being a fat 

trapper, at 0.11 ± 0.18
 
g of fat trapped per 0.45-g capsule or 1.1 g (9.9 kcal) fat

 
trapped per day, this 

product would have no significant effect
 
on energy balance. The fat trapping claims associated with 

chitosan
 
are unsubstantiated.

 
 

Key Words: supplements • obesity • dietary fiber • chitosan • fat absorption  
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Artikel 6 

 

For Release: April 26, 2000 

Marketers of "The Enforma System" Settle FTC Charges of  

Deceptive Advertising For Their Weight Loss Products 

Settlement requires payment of $10 million 

"With Enforma, you can eat what you want and never, 
ever, ever have to diet again." 

These and other weight loss claims for "The Enforma System" are touted in television and Internet 

ads. But, according to a Federal Trade Commission complaint filed in federal court, the company's 

claims are false and unsubstantiated. Under a settlement filed with the court, the company will no 

longer make deceptive weight loss claims and will pay the FTC $10 million to be returned to 

purchasers of the product or, if that is not practical, paid to the U.S. Treasury. 

The marketers of "Fat Trapper" and "Exercise In A Bottle" have settled FTC charges that they made 

false and unsubstantiated weight loss claims in their advertising of "The Enforma System." The 

FTC complaint names Enforma Natural Products, Inc., its president and Chief Executive Officer, 

Andrew Grey, and Fred Zinos, a former Vice President of Sales and Marketing. Enforma Natural 

Products advertises and sells "The Enforma System" to consumers nationwide. The product has 

been promoted chiefly via televised 30 minute infomercials, featuring former baseball player Steve 

Garvey, as well as through the company's Web site. "The Enforma System" consists of two dietary 

supplements with ingredients that are becoming increasingly popular weight loss remedies: a 

chitosan-based product called "Fat Trapper" that purports to prevent the absorption of dietary fat; 

and a pyruvate product named "Exercise In A Bottle" that supposedly increases the body's capacity 

to burn fat. 

"Lose weight without dieting? Not a chance!" said Jodie Bernstein, Director of the FTC's Bureau of 

Consumer Protection. "Miracle weight loss claims prey on people who are overweight or obese. 

When marketers promise effortless weight loss, it's bad business. The fact is there's only one sure 

way to lose weight and keep it off: eat less and exercise more." 

 

According to the FTC, the Enforma infomercials have included such statements as: 

 The Enforma System "helps your body to burn more calories while you're just standing or sitting 

around doing nothing - even while you're sleeping."  

 With the Enforma System, "you can enjoy all these delicious foods like fried chicken, pizza, 

cheeseburgers, even butter and sour cream, and stop worrying about the weight."  
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 Fat Trapper "permanently" blocks fat "so that it can never be absorbed by your body - never."  

 "Exercise In A Bottle works on a cellular level, forcing every cell in your body to work, whether you're 

exercising or not. And when your cells are working, you are burning calories or losing fat."  

The FTC's complaint charges that through these and other statements Enforma Natural Products, 

Grey and Zinos have represented, without adequate substantiation, that "the Enforma System" 

allows users to lose substantial weight, and keep it off, without dieting or exercise; and works even 

if users eat substantial amounts of high fat foods like fried chicken, pizza or cheeseburgers. The 

complaint also challenges as unsubstantiated the claims that Fat Trapper prevents absorption of all 

or substantially all of the fat users consume, and that Exercise In A Bottle increases metabolism, 

burns sugar and carbohydrates before they turn to fat, and burns off fat already in the body. Finally, 

the complaint alleges that the defendants falsely claimed that they had scientific testing proving 

their weight loss, fat absorption, and fat burning claims. 

The FTC has filed two Stipulated Final Orders (one with Enforma Natural Products and Grey and 

the other with Zinos) in settlement of the charges. Both orders: 

 prohibit the defendants from making unsubstantiated claims that any product, service or program 

causes or maintains weight loss or avoids weight gain without dieting or exercise, prevents fat 

absorption, increases metabolism, burns fat, or allows weight loss even if users eat high fat foods;  

 require that future weight loss claims be accompanied by a clear and prominent disclosure that 

reducing calorie intake and/or exercising more is necessary to lose weight;  

 require that the defendants have scientific substantiation for any claims about the health or weight 

loss benefits, performance, safety or efficacy of any product, service or program; and  

 prohibit false claims about the existence or results of any tests, studies, or research.  

The Stipulated Order with Enforma Natural Products and Grey also requires that they pay to the 

FTC $10 million as consumer redress. The first payment of $5 million must be made within five 

days after the order is entered, with the remaining $5 million paid over six months. The defendants 

must execute a promissory note for the unpaid $5 million, and give a security interest to the FTC in 

all of the company's assets to ensure payment of the judgment. The $10 million will be used by the 

FTC to provide refunds to consumers who bought "the Enforma System"directly from the 

defendants prior to March 31, 2000. But, if the FTC decides that refunds are not practical, it may 

choose to distribute the money to the U.S. Treasury. 

The Stipulated Final Order with Fred Zinos does not require him to make any monetary payment to 

the FTC. The order states the Commission's agreement is premised on the accuracy of sworn 

financial statements provided by Zinos, and that should these statements contain any material 

misrepresentation or omission, the Commission may ask that the order be reopened to allow the 

Commission to modify Zinos' monetary liability. 

The Commission vote to authorize staff to file the complaint against Enforma Natural Products, 

Andrew Grey, and Fred Zinos, and the stipulated final orders, was 5-0. The case was filed in the 

U.S. District Court, Central District of California, in Los Angeles, on April 25, 2000.
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NOTE: These stipulated final orders are for settlement purposes only and do not constitute an 

admission by the defendants of a law violation. Final orders have the force of law when signed by 

the judge. 

Copies of the complaint and stipulated final orders will be available shortly from the FTC's 

Consumer Response Center, Room 130, 600 Pennsylvania Avenue, N.W., Washington, D.C. 

20580; 877-FTC-HELP (877-382-4357); TDD for the hearing impaired 202-326-2502. Copies of 

news releases pertaining to other dietary supplement cases are also available from the FTC's web 

site at http://www.ftc.gov To find out the latest news as it is announced, call the FTC NewsPhone 

recording at 202-326-2710. 

MEDIA CONTACT:  
Brenda Mack, 
Office of Public Affairs 
202-326-2182  
Consumer Hotline Number 
202-326-3123  

(FTC File No. 992 3160) 

(Civil Action No.: 04376JSL(CWx)) 

 
This article was posted on May 2, 2000. 
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