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ABSTRACT 

 

The acetylation of the inulin was performed in polar aprotic organic solvents i.e. dimethyl 

formamide (DMF) and pyridine. According to the type of solvent, it were used and compared 

in amount of yield that was based on the assumption which the average of Degree 

Polimerization (DP) of inulin from dahlia was 20. The products were characterized by IR and 
1
H-NMR. The methods using pyridine presented 40% of yield, whereas the one using DMF 

showed a slight decrease in reaction efficiency to 35%. However, the method using pyridine 

proved to be the preferable way to graft the inulin backbone with acetylation on a bigger 

scale. The methods using DMF as a solvent were not attractive since the end products had a 

specific bad smell 
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1. INTRODUCTION 

 

Inulin is a polydisperse polysaccharide consisting mainly, if not exclusively, of β (2-1) 

fructosyl fructose units (Fm) with normally, but not necessarily, one glucopyranose unit at the 

reducing end (GF n) (Figure 1 [1a] and [1b]). It is also known that the fructose molecules in 

the GFn form are all present in the furanose form. Only in the Fm forms, the ending and 

reducing fructose is in the pyranose form. Further studies on the structure of inulin showed 

that inulin is a slightly branched fructan: the amount of β (2-6) branches in chicory and dahlia 

inulin is 1-2% and 4-5%, respectively. [1], Dobre et al [2] 

 

The synthesis and the use of low as well as high molecular weight carbohydrate esters have 

been studied extensively. Rogge et al [3]. Low molecular weight carbohydrate esters, for 

example, sucrose esters, are used as nonionic surfactants, as binders in paints, or as 

plasticizers or softeners, whereas the high molecular weight carbohydrate esters, such as 

starch esters, are used as sizing agents in the textile industry, as thickeners in the film and 
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fiber industry and as substitutes for purely synthetic grafted polymeric surfactants. Rogge et 

al [4], Russu et al [5][6]. 
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Fig. 1 The structure of inulin and acetylated inulin 

 

In this present paper, acetylated inulin (Fig 1. [1c]) was synthesized from inulin of dahlia 

tuber and acetyl chloride with two different solvents. Due to the presence of acetyl groups in 

the structure of this ester, the hydrophilic property of inulin will be decreased by that group. 

Stevens et al [7]. The ester can be predicted refers to their structure that will increase their 

Hidrophyl-Lypophyl Balance (HLB). In the further study, it can be used as one of surfactant 

in preparation of pharmaceutical dosage form such us suspension. Practically, the prediction 

of intrinsic viscosity in polymer solutions is important for the evaluation of the domain of 

applicability that defines the area of reliable predictions. 

 

2. MATERIALS AND METHOD 

 

2.1  Materials 

 

Dahlia tuber (harvested from Bandungan, Salatiga, Indonesia), chicory inulin (Aldrich, 

average degree of polymerization n = 10), acetyl chloride, N,N-dimethylformamide (DMF) 

(Merck), pyridine (Merck), ethanol, (Merck), ethyl acetate (Merck), acetic acid (Merck), n-

buthanol (Merck), chloroform (Merck), active charcoal (Bratachem Indonesia), sodium 

hydroxide (Merck). All this materials were used as received.  
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2.2. Equipment 

 

Glassware (Pyrex), centrifuge (Hettich EBA20), magnetic stirer (Labinco, model L-71), 

elechtrothermal Mel-Temp (Model No: 1102 DVo: 1187051119646, Bamstead 

International), infrared spectrometer (Shimadzu FTIR 802 IPC), proton nuclear magnetic 

resonance spectrometer (JNM-PMX 50 High Resolution NMR, Instrument JEOL Ltd).  

 

2.3. Extraction of inulin 

 

Inulin from dahlia tuber was extracted using water (1:1) in blender and then the mixture was 

vaporized on water bath until concentrated extract to be achieved. It was filtered by using 

clothes and then the filtrate was diluted in 40% of alcohol 30%v/v from the total of filtrate 

volume. The diluted filtrate had been stored in freezer (± -10
0
C) for 18 hours and then 

removed from freezer and kept in the room temperature (± 2 hours). After 2 hours, the 

solution was centrifuged (5000 rpm, 15 minutes) and then the precipitate was filtered as a 

crude inulin. The crude inulin was disolved exactly by using water  and then added with 2% 

w/v of active charcoal solution. The solution was filtered and then diluted by using 40% of 

alcohol 30% from a total filtrate volume. The cooling and centrifuging of the solution was 

repeated such as the procedure above until the white precipitate was obtained as a pure inulin. 

The precipitate was dried at 50
0
C  for 7 hours.  

 

2.4. Identification of inulin 

 

The following datas were characteristics of inulin that were obtained: Yield 14%; white 

powder, odorless, tasteless; soluble in water, insoluble in ethanol or chloroform; Rf of inulin 

extracted product (silicagel GF254 and chloroform-acetic acid-water (6:3:1)) was 0.9; melting 

point was 154-164
0
C ; IR spectrum (KBr cm

-1
): 3379 (-OH alcohol), 2931 (C-H aliphatic), 

1009 (C-O alcohol).  

 

2.5. Acetylation of inulin 

 

Into the round bottom flask, inulin product (0.5 mmol) was disolved in 17 ml of solvent and 

then added and stirred with acetyl chloride (56.3 mmol) gradualy until the reaction to be 

stable. The mixture was kept for 2 days and then rinsed by using 10 ml of waterand then 
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transfered into separating funnel and extracted in 3 x @ 20 ml of ethyl acetate. The fractions 

of ethyl acetate were collected and then neutralized with NaOH. The neutral fraction was 

distilled at 80
0
C until residue was obtained as a semisynthetic product.  

 

2.6. Identification of acetylated inulin  

 

The following datas were characteristic of acetylated inulin that was obtained: Yield 40% 

(pyridine) and 35% (DMF); brown liquid, bitter taste, bad smell in DMF while in pyridine 

was odorless ; insoluble in water, soluble in alcohol and chloroform; Rf of semisynthetic 

product was 0.95 (silicagel GF254 and n-butanol-acetic acid-water (6:3:1)); IR spectrum (KBr 

cm
-1

), 3379 (-OH alcohol), 2931 (C-H aliphatic), 1743 (C=O ester); 
1
H-NMR spectrum 

(CDCl3 ppm): CH3-C=O (s, 2.2), -CH-CH2-OH (d, 2.2 Mhz, 2.8), -CH-O (s, 3.7), C-OH (s, 

4.7). 

 

3. RESULT AND DISCUSSION 

 

Inulin is a polyfructans that is very soluble in water. The polyydroxyl group contribute 

toward its polar property. Therefore, the extraction of inulin from dahlia tuber could be done 

using water as a solvent. The yield of inulin was 14% w/w. Identification of inulin from 

dahlia tuber gave results that were equal with chicory inulin as a reference. Both of chicory 

and dahlia inulin had the same physical appearance, solubility, melting point and Rf value. 

Infrared spectrum of inulin from dalia was presented in Fig. 2. Both of inulin had the same 

fingerprint like spectrum. Hydroxyl group (-OH) at 3379 cm
-1

 that was presented by a very 

broad band was the most important functional group was detected by IR spectrometer. 

-OH alcohol

-CH aliphatic

-C-O alcohol

 

Fig. 2 Infrared spectrum of dahlia inulin 

Inulin from dahlia tuber can be esterified using acetyl chloride in a polar aprotic solvent like 

DMF or pyridine. The use of acetyl chloride was choosen since it is the most reactive 
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carboxilic acid derivatives that has acetyl group to be used for inulin acetylation. Chloride 

group that placed as a leaving group is very eazy to be substituted by OH from inulin  

 

Overall, both of different solvent gave the similar physical appearances, solubilities, melting 

point, Rf value, IR spectrum and 
1
H-NMR spectrum. But the product under DMF condition 

has slightly bad smell than the pyridine. Otherwise inulin ester using pyridine has a narrower 

OH band when was detected by IR spectrometer. The sharp band in 1600 cm
-1

 present the 

carbonyl group and make it sure that the product has been different with starting material. 

The IR spectrum of inulin ester using pyridine and DMF was presented in Fig. 4.  

 

It can be concluded that the amount of inulin OH has been acetylated undergoes pyridine 

more than using DMF. The lost of inulin OH group using pyridine was more than DMF can 

be supported by their yield calculation. The yield of ester inulin using pyridine (40%) slightly 

greater than  using DMF (35%). This result can be occured because pyridine has a base 

property that will attract proton from inulin OH and make O more negative than before. The 

negative charge of oxigen tend to be more nucleophile than OH itself. Therefore, a higher 

nucleophilicity of oxygen from inulin OH, the faster of esterification reaction.  

-OH alcohol

-CH aliphatic C

O

ester
C-O ester

 

-OH alcohol -CH aliphatic

C

O

ester

C-O ester

 

Fig. 3 IR spectrum of ester inulin using pyridine (left side) and DMF (right side) 

 

The presence of proton from OH group also can be detected in δ 4.7 ppm as a singlet signal 

using 
1
H-NMR that showed neither inulin ester using DMF nor pyridine has complete OH 

acetylation.  The proton from acetyl group can be identified through the presence of singlet 

signal in δ 2.2 ppm (Fig. 4).  
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Fig. 4 
1
H-NMR spectra of acetylated inulin 

 

4. CONCLUSION 

 

Inulin can be extracted and isolated by using water-diluted etanol from Dahlia tuber. This 

product can be acetylated to produce inulin ester using polar aprotic solvents like DMF or 

pyridine. The evaluation of two diffferent types of solvent showed that DMF less favorable 

because of its bad smell. Otherwise the use of pyridine yielded semisynthetic product slightly 

higher than DMF one. However, this method still need optimization and validation to be 

consider for industrial use.  
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