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A B S T R A C T  
 

 

Glucomannan carboxymethylation is conducted to increase its hydrophobic properties and expand its 

interaction with hydrophobic compounds. However, glucomannan has high molecular weight and long 
polysaccharide chain which prevented the modification of its amphiphilic properties. This study aimed 

to examine the effect of molecular weight, deacetylation, and carboxymethylation on glucomannan 

properties. Performance of the modified glucomannan to stabilize oil in water (o/w) emulsion was also 
studied. Ultrasonication was applied to glucomannan at 40 kHz for 15-45 min to obtain various 

molecular weights. Sodium carbonate (Na2CO3) and sodium monochloroacetate were used as 
deacetylation and carboxymethylation agents, respectively. The results show that decrease molecular 

weight supported the deacetylation and the carboxymethylation process on attaching the hydrophobic 

groups to the glucomannan chain, hence, lowering the hydrophilic properties and swelling degree of 

glucomannan. Structural and morphological changes of glucomannan after modifications were 

confirmed from the IR spectra and SEM images. Excellent performance of the amphiphilic glucomannan 

on stabilizing o/w emulsion was observed as only ~5% phase separation occurred after 300 h of storage 
in ambient conditions. Hence, ultrasonication is proposed as a suitable preliminary treatment for 

amphiphilic glucomannan production. 

doi: 10.5829/ije.2024.37.02b.13 
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NOMENCLATURE 

C Concentration (g/l) N Normality concentration (N) 

CM Carboxymethylation n Group content  

D Deacetylation  t Time (h or min or s) 

DD Degree of deacetylation US Ultrasonication 

DS Degree of substitution V Titrant volume (ml) 

K Mark-Houwink constant (ml/g) Greek Symbols  

M Molarity concentration (M) η Viscosity (Pa.s) 

m Material mass (g) ω Acetyl content 

Mw Molecular weight α Mark-Houwink constant 

 
1. INTRODUCTION 
 

Glucomannan, a polysaccharide extracted from 

Amorphophallus sp., is a neutral polysaccharide that is 

highly soluble in water. Apart from its high viscosity, 

glucomannan is also known for its gel-forming ability 

and low calories. Other than applied as a food ingredient, 

glucomannan is also used in the pharmaceutical, 

cosmetic, and chemical industries (1). However, some 

potential applications of glucomannan are limited by its 

high solubility and water absorption index which is up as 

high as 100 g water/g sample (2). The strong 

hydrophilicity of glucomannan led to poor water 

resistance and water barrier properties in its films which 

seriously hindered its practical applications (3).  

For broader glucomannan applications, several 

methods have been developed to convert glucomannan 

into an amphiphilic compound which is capable of 

binding hydrophilic and lipophilic compounds (4). 

Molecular structure of material, such as the presence of 

long-chain hydrocarbon or short polymer chain, 

contributes on the amphiphilic properties (5). Hence, the 

amphiphilic glucomannan could be formed through a 

functionalization process by designing an attachment of 

functional groups or moieties to enhance its use (6). This 

amphiphilic polysaccharide has the potential to be 

applied in the plastics industry, especially in the 

production of biodegradable films, resins, and coatings 

for the pharmaceutical and food industries (5). The 

modified glucomannan could also be performed for 

example as a stabilizer in o/w emulsion and encapsulant 

oil-base bioactive compound (7).  

It has been reported that carboxymethylation 

decreased the water-binding activity of starch and 

curdlan (8, 9). Carboxymethyl modification also 

successfully reduced solubility and water absorption of 

glucomannan, which further altered its surface properties 

(10, 11). In this modification, the hydrophilic groups of 

glucomannan, i.e. hydroxyl groups, are substituted with 

hydrophobic groups of monochloroacetic compounds 

(10). The modification consists of two steps of reactions: 

(1) deacetylation/alkalization and (2) 

carboxymethylation itself. Deacetylation or alkalization 

is performed to eliminate acetyl groups of glucomannan 

under an alkaline environment (12). This replacement 

reduces glucomannan steric hindrance and increases its 

intramolecular interaction; thus, leading to more active 

sites to be involved in the subsequent 

carboxymethylation reaction (13). The deacetylation was 

performed under an alkaline environment using NaOH, 

KOH, Ca(OH)2, or Na2CO3 (14). Among those alkalis, 

Na2CO3 is safer to be consumed and does not disturb 

human body metabolism (15).  

Xiao et al. (10) reported that various degrees of 

substitution (DS) using monochloroacetic acid that 

increase hydrophobic properties of glucomannan. In that 

work, the DS was obtained by varying reaction 

temperature, concentration of sodium, and reaction time. 

Moreover, the effectivity of the carboxymethylation 

process is influenced by the carboxymethyl reagents, 

temperature, duration, solvent, and polymer type (16).  

Other than the presence of hydrophilic and 

hydrophobic groups, the length of each the groups also 

determines the performance of amphiphilic materials as 

surfactants. Day et al. (17) found an emulsion is more 

stable when using a surfactant with less content of the 

hydrophilic blocks. 

Glucomannan has a molecular weight of up to 

1.044×106 Da which makes it as one of the highest-

viscosity polysaccharides (1%=15 Pa.s) (18). This 

condition and its ability to form gel prevent the 

glucomannan to interact with other molecules during 

modification. To obtain a high yield of modified 

glucomannan, decreasing the viscosity by lowering 

glucomannan concentration is not an option. Hence, 

glucomannan requires to be degraded prior to the 

amphiphilic modification. Degradation of glucomannan 

has been conducted through chemical, physical, and 

biological treatments to shorten the polymer chain, thus 

lowering its molecular weight (19). Among those 

methods, physical treatment was the preferable method 

to decrease the molecular weight due to safety reasons 

either for the process, the products or for the environment 

(20). Ultrasound, as one of the physical treatments,  

produced shear forces formed by the microbubble 

explosion, which is powerful enough to break the 

polysaccharide chain and reduce molecular weight of the 

compound (21, 22). Lower molecular weight of 

glucomannan has a lower viscosity which allows it to 

have more mobility hence higher chances of colliding 

with other molecules to pursue the reaction (23). 
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The significance of molecular weight on the 

emulsifying properties of carboxymethylated 

glucomannan remains limited. Hence, this research 

focused on studying the effect of molecular weight on the 

amphiphilic properties of modified glucomannan. 

Various molecular weights were obtained by controlling 

duration of the ultrasonication treatment. To modify the 

amphiphilic glucomannan, Na2CO3 was applied in 

deacetylation process while carboxymethylation was 

carried out using sodium monochloroacetate. The 

modifications were conducted subsequently under 

ethanol solution. The alter of glucomannan properties 

were observed, i.e. molecular weight, degree of 

deacetylation, degree of substitution, swelling degree, 

functional group, and surface morphology. The ability of 

native and modified glucomannan to stabilize o/w 

emulsion was also compared. 

 

 

2. MATERIALS AND METHOD 
 
2. 1. Materials           Glucomannan of NOW Foods 

(Bloomingdale, Illinois, US) was used as it is, with 

99.97% purity and weight average molecular weight 

(Mw) of 901,175 Da determined by the GPC method 

(24). Sodium monochloroacetate, Na2CO3, ethanol, 

phenolphthalein indicator, and other supporting materials 

were in pro-analyst standard.  

 

2. 2. Glucomannan Modification          In this study, 

glucomannan was treated physically and chemically. 

Firstly, glucomannan was physically degraded using 

ultrasonication to obtain various viscosity-average 

molecular weights (Mw). Subsequently, chemical 

modification to obtain the amphiphilic glucomannan was 

conducted using a combination of deacetylation and 

carboxymethylation. The detailed procedure is explained 

in the following sections. 

  

2. 2. 1. Glucomanann Degradation         Glucomannan 

degradation was conducted using sonication power in a 

heterogeneous system. Glucomannan (20 g) was placed 

in Erlenmeyer, together with ethanol solution (80%, 100 

ml). The Erlenmeyer was closed using perforated lid and 

was put in an ultrasonic cleaner (Krisbow Indonesia, 

West Jakarta, Jakarta, Indonesia) which was filled with 

water and set at 40 kHz. The ultrasonication was carried 

out for 15, 30, and 45 min. The ultrasonicated 

glucomannan was separated from the ethanol by filtration 

and dried at room temperature for 24 h. 

 

2. 2. 2. Preparation of an Amphiphilic 
Glucomannan              The amphiphilic sample was 

prepared using deacetylation and carboxymethylation 

methods (14, 25). Deacetylation was carried out by 

dispersing the sonicated glucomannan (5 g) in ethanol 

solution (80%, 100 ml) and mixing it with 100 ml 0.4M 

Na2CO3 under constant stirring. After 24 h of the 

reaction, glucomannan was filtered and washed two 

times using 50 ml of 65% ethanol and 96% ethanol, 

subsequently. The deacetylated glucomannan was dried 

at room temperature for 24 h. 

Carboxymethylation was conducted by mixing the 

sample (5 g) with sodium monochloroacetate (3.5 g) in 

ethanol solution (80%, 50 ml) at 60oC for 120 min. The 

glucomannan was filtered and washed using 100 ml of 

96% ethanol. The amphiphilic glucomannan was then 

dried at room temperature for 24 h. 
 

2. 3. Physicochemical and Stabilizing Properties      
The native and modified glucomannan were analyzed for 

their physicochemical properties, i.e. molecular weight, 

degree of deacetylation (DD), degree of substitution 

(DS), swelling power, functional group, and morphology. 

The emulsifying performance of native and modified 

glucomannan was also observed. The detailed procedure 

of the determinations is written below.  
 

2. 3. 1. Viscosity-average Molecular Weight         The 

viscosity-average molecular weight (Mw) of 

glucomannan was determined using the viscometry 

method (20). Flow time (t1) of the sample solution (0.1 – 

0.5 g/l) in Cannon Fenske viscometer, size 100 (Schott 

AG, 102 Mainz, Rhineland-Palatinate, Germany) was 

recorded, compared to the flow time of distilled water as 

a solvent (t0). Relative viscosity (Ƞr), specific viscosity 

(Ƞsp), reduction viscosity (Ƞrd), and inherent viscosity 

(Ƞin) of the samples were calculated using Equation 1- 4, 

respectively. 

Ƞ𝑟 =
𝑡1

𝑡0
  (1) 

Ƞsp =
𝑡1−𝑡0

𝑡0
= Ƞr-1 (2) 

Ƞrd =
Ƞsp

𝐶
  (3) 

Ƞin =
ln(Ƞrd)

𝐶
  (4) 

The reduction viscosity and the inherent viscosity were 

then plotted in a graph. The intrinsic viscosity (Ƞ) was 

obtained by averaging the intercepts of both graphs. The 

average Mw of glucomannan was calculated using 

intrinsic viscosity value using Equation 5, with 

K=0.000506 ml/g and α=0.754 as Mark-Houwink 

constants (26). 

Mw = (
Ƞ

𝐾
)

1/𝛼
  (5) 

 

2. 3. 2. Degree of Deacetylation           The back titration 

method was used to determine the degree of 

deacetylation (DD). Sample (1 g) was dispersed in 
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ethanol solution (75%, 10 ml) at 50oC. After 30 min, 1 

ml of 0.5 M KOH solution was added. Constant stirring 

was applied during the analysis. After 24 h, the mixture 

was titrated with 0.1 M HCl solution using 

phenolphthalein as an indicator. Titrant volume was 

recorded and used for calculating the DD using Equations 

6-8.  

𝜔0 =
(𝑉2−𝑉0)×𝑁𝐻𝐶𝑙×𝑀𝑎𝑐𝑒𝑡𝑦𝑙

𝑚𝑠
× 100%  (6) 

𝜔 =
(𝑉2−𝑉1)×𝑁𝐻𝐶𝑙×𝑀𝑎𝑐𝑒𝑡𝑦𝑙

𝑚𝑠
× 100%  (7) 

𝐷𝐷 =
𝜔0−𝜔

𝜔0
× 100%  (8) 

where V2, V1, and Vo are the volume of HCl for the blank 

titration, the deacetylated glucomannan, and the native 

glucomannan, respectively. NHCl is the concentration of 

HCl, Mwacetyl=43 g/mol, and ms is the mass of the sample 

to be titrated. Meanwhile, 𝜔0 and 𝜔 are the amounts of 

acetyl in the native glucomannan and in the deacetylated 

glucomannan, respectively. 

 
2. 3. 3. Degree of Substitution            The determination 

of the degree of substitution (DS) followed the method of 

Distantina et al. (27). Sample (1 g) was dispersed in a HCl 

solution (1.8 M, 10 ml) and stirred for 30 min. After 

filtration, the solid was washed using 96% ethanol 

solution and dried in ambient conditions. The dried 

glucomannan was dispersed in NaOH solution (0.2 M, 20 

ml) and diluted to 100 ml with distilled water before 

being titrated using 0.05 M HCl with phenolphthalein as 

an indicator. The amount of substituted COOH (nCOOH) 

was calculated using Equation 9, with Vb and V are 

titrant volume of blank sample and glucomannan sample, 

respectively. Meanwhile, the DS was calculated using 

Equation 10. 

𝑛𝐶𝑂𝑂𝐻 = (𝑉𝑏 − 𝑉). 𝐶𝐻𝐶𝑙 . 4  (9) 

𝐷𝑆 =
162 ×𝑛𝐶𝑂𝑂𝐻

𝑚𝑑𝑠−58×𝑛𝐶𝑂𝑂𝐻
  (10) 

 
2. 3. 4. Swelling            Swelling determination followed 

the method of Wardhani et al. (12). The glucomannan 

sample (0.1 g) was dispersed in distilled water (10 ml) at 

60oC for 30 min prior to centrifugation at 4000 rpm for 

20 min. The pellet was separated by filtration and dried. 

The weights of wet and dried pellets were recorded for 

swelling determination using Equation 11. 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑝𝑒𝑙𝑙𝑒𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑙𝑙𝑒𝑡
× 100%  (11) 

 
2. 3. 5. Functional Groups and Morphology          The 

functional groups of the sample were observed from their  

 

infrared spectra which were obtained using Perkin Elmer 

Spotlight 200 FTIR (PerkinElmer Inc., Waltham, MA, 

USA) at the range of 4,000–400 cm-1 wavenumber. 

Meanwhile, the morphology of the samples was captured 

using an FEI Inspect S50 Scanning Electron Microscope 

(ThermoFisher Scientific, Waltham, Massachusetts, 

United States) at 5 kV after the gold-coating process. 

 

2. 3. 6. Emulsion Stability and Optical Microscopy        
Ten milliliters of glucomannan emulsion was prepared 

by homogenizing 0.1 ml of fish oil and the glucomannan 

solution (1%) using a homogenizer (IKA RW 

homogenizer, Staufenim Breisgau, Germany) at 12000 

rpm for 10 min in an ambient condition. The emulsion 

stability was determined by observing the height of the 

cream-serum separation (28). Meanwhile, the optical 

micrograph of the fresh emulsion was captured using a 

digital camera connected to a binocular microscope 

(Sinher XSZ-107BN, Ningbo Beilun Fangyuan 

Photoelectric Ltd., Zhejiang, China) at 40× objective lens 

magnification. 

 

2. 4. Statistical Analysis            The obtained data 

(except the Mw and instrumental data) were performed 

in triplicate.  A one-way analysis of variance (ANOVA) 

was used for group comparison using Ms. Excel 2019. 

Data significances were set at  p<0.05. The graphs were 

generated using Sigmaplot (Systat Software Inc., 

Chicago, IL, USA). 

 

 
TABLE 1. Viscosity-average molecular weight (Mw) of native 

and modified glucomannan 

Glucomannan 

treatments 

US time 

(min) 

Mw (g/mol) Decrease of 

Mw (%) 

Native - 901,175 - 

USa 

15 145,711 83.83 

30 144,183 84.00 

45 142,821 84.15 

(US+D)b 

15 106,586 88.17 

30 93,853 89.58 

45 89,590 90.05 

(US+CM)c 

15 123,499 86.29 

30 119,779 86.70 

45 113,710 87.38 

(US+D+CM)d 

15 36,247 95.98 

30 20,730 97.70 

45 10,620 98.82 

Note: a=ultrasonication,  
b=ultrasonication+deacetylation, subsequently 
c=ultrasonication+carboxymethylation, subsequently 
d=ultrasonication+deacetylation+carboxymethylation, subsequently 
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3. RESULTS AND DISCUSSIONS 
 

In this work, the amphiphilic glucomannan was prepared 

in two steps i.e., deacetylation and carboxymethylation. 

Prior to these treatments, glucomannan was sonicated to 

obtain various molecular weights. The effects of the 

molecular weight on the amphiphilic glucomannan 

properties after the modifications were studied. 

 

3. 1. Glucomannan Degradation           Effectiveness 

of ultrasonication on degrading glucomannan was 

represented by the decrease of viscosity-average Mw as 

shown in Table 1. Sonication for 45 min reduced 

viscosity-average Mw of glucomannan up to 84%. 

During sonication, the ultrasonic wave formed 

microbubbles surrounding the glucomannan which then 

exploded and produced cavitation effect on the 

glucomannan chain (20). Moreover, the waves also 

assisted the oscillation of polymer particles and caused 

more particle collisions (29). Both of those phenomena 

facilitated molecular degradation and resulted shorter 

chain of glucomannan, thus decreasing its viscosity-

average Mw significantly, as also found by Wardhani et 

al. (30).  

This ultrasonicated glucomannan was subsequently 

treated with deacetylation, carboxymethylation, or both 

combined processes. Deacetylation after sonication 

further reduced the viscosity-average Mw. Deacetylation 

lowered the viscosity-average Mw as the alkali group that 

replaced the acetyls of glucomannan had lower Mw (31). 

Hence, combination ultrasonication and deacetylation 

decreased the viscosity-average Mw of glucomannan 

further. Lower Mw of glucomannan after 

carboxymethylation process was also found by Wang et 

al. (25). However, the carboxymethyl group has higher 

Mw than that of the hydroxyl. Hence, the Mw of the 

carboxymethylation glucomannan was higher compared 

to that of the deacetylation.  

Meanwhile, the viscosity-average Mw of the 

glucomannan reduced significantly by over 98% when 

deacetylation and carboxymethylation were applied 

serially. Replacement of the acetyl group during 

deacetylation removed steric hindrance of glucomannan 

to interact with other molecules. This suggested that the 

deacetylation facilitated the glucomannan to react with 

the sodium monochloroacetate, in the subsequent step. 

Moreover, the carboxymethylation produced alkali in the 

solution as the effect of carboxymethyl attachment, 

which caused further degradation of glucomannan chain 

(32).  

Therefore, the highest decrease of viscosity-average 

Mw of glucomannan was found in combination treatment 

of ultrasonication, deacetylation, and 

carboxymethylation. Although each deacetylation or 

carboxymethylation gave further decrease of viscosity-

average Mw after ultrasonication, however, the 

properties of both glucomannan modification could be 

different. Hence, the properties of the glucomannan  

should be considered while choosing the suitable 

degradation method.   
 

3. 2. Degree of Deacetylation            Deacetylation is 

conducted to substitute the acetyl group with the 

hydroxyl group which are more active in the 

carboxymethylation process (33). High Mw hindered the 

substitution reaction during deacetylation and led to have 

lower DD (Figure 1). Shorter the glucomannan chain 

improved glucomannan solubility which facilitated the 

deacetylation reaction as ionization was easier to occur 

(31). Moreover, lower molecular weight of glucomannan 

formed lower viscosity of glucomannan solution which 

eased the molecule mobility and collision (34). Hence, a 

lower molecular weight of glucomannan is preferable to 

increase DD. 
 

3. 3. Degree of Substitution            Ultrasonication and 

deacetylation, as preliminary treatments prior to the 

glucomannan carboxymethylation, improved the level of 

DS (Figure 1). Ultrasonication had a role in lowering 

glucomannan Mw (Table 1). Xiao et al. (10) and Arifan 

and Primartu (35) applied deacetylation prior to 

carboxymethylation to obtain the effective substitution. 

As mentioned in the earlier section, lowering molecular 

weight increased the glucomannan solubility and 

decreased its viscosity, thus leading to ease the 

glucomannan reaction. High Mw tended to have rigid 

structures which hindered the carboxymethylation agent 

from interacting and substituting the hydroxyl groups 

(36). Deacetylation not only removed the acetyl content 

of glucomannan but also provided more hydroxyl groups 

for carboxymethylation substitutions (37). 

Carboxymethyl groups of sodium monochloroacetate 

reacted with alkoxides of glucomannan produced after 

deacetylation/alkalization process (16). Therefore, the  
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Figure 1. The effect of viscosity-average molecular weight 

of glucomannan on degree of deacetylation (DD) and degree 

of substitution (DS) 
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deacetylation promoted carboxymethylation and 

increased the DS. Lower Mw due to sonication had 

indirect effect of increasing degree of substitution 

through intensifying deacetylation process. Hence, to 

maximise DS, it is suggested to decrease Mw of 

polysaccharides and conduct deacetylation process prior 

to carboxymethylation modification.  

 

3. 4. Swelling          Swelling determination represents 

the ability of glucomannan molecules to expand in 

aqueous solution. Other than the structural properties, 

swelling degree of material is also influenced by its 

charged ions and solvent type (38). Figure 2 shows that 

ultrasonication improve the swelling of glucomannan. 

Wang et al. (39) reported that ultrasonication destroyed 

its crystalline structure which reduced the water-binding 

ability. Wu et al. (40) found that ultrasonic cavitation also 

lowered the gel-forming ability of glucomannan.  

Deacetylation and carboxymethylation caused further 

decrease of sweling power. Li et al. (41) explained that 

water penetration could cause glucomannan swelling 

through three steps: (i) loosening the lamellar structure of 

glucomannan, (ii) breaking the intermolecular forces 

between the lamellar, and (iii) decomposition of 

amorphous region and severing the crystalline region. 

Those steps increased the area for water to penetrate. 

Deacetylation removed the steric hindrance among the 

glucomannan molecules. This condition allowed 

glucomannan to interact and reduced the number of water 

sorption sites (42) resulted lower swelling ability. 

Carboxymethylation reinforced the glucomannan 

structure by generating negative charge on the 

carboxymethylated glucomannan. This negative charged 

allowed it to interact with proton-hydroxyl group of other 

glucomannan molecules (36). Decrease of water 

absorption after glucomannan carboxymethylation was 

also reported by Xiao et al. (10). Among all glucomannan 
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Figure 2. Effect of ultrasonication (US), deacetylation (D), 

and carboxymethylation (CM) on the swelling of modified 

glucomannan 

treatments in this work, the combination of 

ultrasonication-deacetylation-carboxymethylation had 

the most significant effect on decreasing the swelling, 

hence, this series of reactions gave synergetic work to 

improve the carboxymethylation reaction and reduced 

the swelling power.  
 

3. 5. Morphology        The surface morphology of the 

modified glucomannans is shown in Figure 3. 

Ultrasonicated glucomannan has a rough surface and 

irregular form. After deacetylation, more wrinkles are 

observed with deeper cleavages. Different surface 

morphology is shown by carboxymethylated 

glucomannan, which has smaller wrinkles. The surface 

morphology changes after deacetylation and 

carboxymethylation process were also found by Liu et al. 

(43) and Xiao et al. (10). The SEM images indicated that 

chemical modification, i.e. deacetylation and 

carboxymethylation, also attacked the physical structure 

of glucomannan.  

 

3. 6. Functional Groups           Generally, the 

modifications applied to the glucomannan did not change 

the forms of functional groups but their transmittance 

intensities (Figure 4). Native glucomannan shows its 

characteristic peaks at ~3325 cm-1 (O-H) (44), ~2825 cm-

1 (C-H), ~1750 cm-1 (C=O of the acetyl), ~1250 cm-1 (C-

O), and ~1000 cm-1 (C=O-C). Meanwhile, the mannose 

group of glucomannan was identified at ~800 cm-1. 

Ultrasonication and deacetylation increased the peak of 

O-H group. Ultrasonication increased the hydroxyl 

content of glucomannan as the effect of its chain-

breaking (30), while the increase after deacetylation 

indicated that the hydroxyl group attachment occurred 

during the reaction. Jin et al. (45) also found an 

increasing O-H group intensity after deacetylation, which 

also showed an increase in intermolecular hydrogen 

bonds (46). 

Interestingly, almost all peaks of the sonicated-

carboxymethylated sample showed the lowest intensity 

of transmittance except on ~1400  cm-1 which is related 

to -CH2- group. Deacetylation removed C=O of acetyl 

from the sonicated sample at ~1750 cm-1 due to alkali 

treatment. However, carboxymethylation reintroduced 

this group back to the sample, resulting in lower 

transmitance. The peaks of band  at ~1250 and ~1017 cm-

1, which indicated the group of C-O and C=O-C, were 

intensified after carboxymethylation process. Stronger 

after carboxymethylation was also found by Wang et al. 

(25) and Chen et al. (47). Moreover, number of 

intramolecular hydrogen binding were found to increase 

after the carboxymethylation, as described by reducing 

the transmittance at ~1640 cm−1 (25). Therefore, the IR 

spectra showed that lower Mw promoted the 

carboxymethylation process, even without glucomannan 

deacetylation.  
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(c) 

 
(d) 

Figure 3. Surface morphology at 2,500× magnification of 

glucomannan after (a) ultrasonication, (b) ultrasonication-

deacetylation, (c) ultrasonication-carboxymethylation, (d) 

ultrasonication-deacetylation-carboxymethylation 

  

 

3. 7. Emulsion Stability          Performance of native and 

amphiphilic glucomannan on stabilizing o/w emulsion 

was determined by observing development of phase 

separation of the emulsion during 300 h storage at room 

temperature. The highest DS sample (DS=0.25) was 

selected to represent the amphiphilic glucomannan. The 

emulsion of the native glucomannan was separated after 

180 h of storage (Figure 5). Meanwhile, the amphiphilic 

emulsion started to separate after 240 h. By the end of 

storage duration (300 h), the phase separation of the 

native and the amphiphilic emulsions was 42.88% and 

5.15%, respectively.  

The emulsion stability was also supported by the 

micrograph of glucomannan-fish oil droplets (Figure 6). 

After 300 h, more smaller droplets were observed in the 

amphiphilic glucomannan emulsion compared to those of  
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Figure 4. IR spectra of native glucomannan and modified 

glucomannan using ultrasonication (US), deacetylation (D), 

and carboxymethylation (CM) 
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Figure 5. Phase separation of fish oil emulsion stabilized 

using native and amphiphilic glucomannan 

 



384                                 D. H. Wardhani et al. / IJE TRANSACTIONS B: Applications  Vol. 37 No. 02, (February 2024)   377-386 

 

 
(a) 

 
(b) 

Figure 6. Optical micrograph of fish oil emulsion right after 

homogenization stabilized using (a) native and (b) 

amphiphilic glucomannan 

 

 

the native one. Droplet size of the emulsion was known 

as one of the emulsion stability indicators as smaller 

droplets slowed down the rate of droplet coalescence 

(48). Hence, the amphiphilic glucomannan could 

maintain the oil droplets in glucomannan solution and 

stablelize the emulsion. Other than  droplet size, o/w 

emulsion stability was also influenced by viscosity, pH, 

ionic content, mixing variables, and interaction between 

dispersed and continuous phases (49). 

As shown in Figure 4, the amphiphilic glucomannan 

has lower transmittance of carboxylate and methylene 

groups which have a hydrophobic property (50, 51). 

These hydrophobic groups are allowed to bond with fish 

oil during dissolving the oil in water. Cai et al. (52) also 

found a stable emulsion when used carboxymethyl starch 

in pH variation. This result suggested that serial 

treatment using ultrasonication, deacetylation, and 

carboxymethylation succeeded in improving the 

hydrophobic properties of glucomannan, thus, enhance 

its emulsifying properties. However, apart of the 

hydrophobic modification of glucomannan and droplet 

size, other factors should be examined in the future to 

precise the influencing factors on stabilized emulsion.   
 

 

4. CONCLUSION 
 

Natural emulsifier produced by native natural ingredient 

is lacked for its performance on stabilizing o/w emulsion. 

Decreasing the length of hydrophilic chain is known to 

increase the emulsifying properties of surfactants. In this 

study, amphiphilic glucomannan has been produced 

using carboxymethylation method which is supported by 

ultrasonication to initially degrade the glucomannan to 

obtain various Mw. Ultrasonication, deacetylation, and 

carboxymethylation performed synergetic work on 

decreasing the Mw of glucomannan and swelling power, 

while enhancing the DD of deacetylationand also the 

value of DS of carboxymethylation. The modifications 

changed the morphology and intensities of the 

transmitance peaks as shown in IR spectra of 

glucomannan. The amphiphilic glucomannan was 

successfully stabilized fish oil emulsion with ~5% phase 

separation after 300 h. This reduced separation exhibited 

the preferential stabilizing properties of amphiphilic 

glucomannan which is potential for food application. 

This study increased the probability to use natural 

surfactant for emulsion stabilization and encapsulation. 

The efficacy of the amphiphilic glucomannan to stabilize 

the emulsion of real foods and its impact on the food 

properties become a target for future study.  
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Persian Abstract 

 چکیده 
 ک ی و بالا یمولکول وزن یدارا گلوکومانان حال، نیا با .شود یم انجام زیآبگر بات یترک با آن تعامل گسترش و آن زیآبگر خواص ش یافزا یبرا گلوکومانان ونیلاسیمت یکربوکس

 بر ون یلاسیمت یکربوکس و یی زدا ل یاست ،یمولکول وزن اثر  ی بررس هدف با  مطالعه نی ا .کند ی م ی ریجلوگ آن  کیل یفیآمف خواص ریی تغ  از  که است  ی طولان دیساکار یپل رهیزنج

 یها وزن آوردن دست به یبرا .گرفت قرار مطالعه مورد زین (o/w) آب  در روغن یهاونیامولس تیتثب یبرا شدهاصلاح گلوکومانان عملکرد .شد انجام گلوکومانان خواص

 عنوان به بیترت به میسد مونوکلرواستات  و 3CO2(Na (میسد کربنات  .شد اعمال قه یدق 15- 45مدت  به لوهرتزیک  40فرکانس با گلوکومانان به فراصوت  مختلف، یمولکول

 به زیآبگر یهاگروه اتصال در ونیلاسیمت  یکربوکس و ییزدالیاست ندیفرآ از یمولکول وزن کاهش که دهدیم نشان جینتا .شد استفاده ونیلاسیمت یکربوکس و ییزدا لیاست عوامل

 از رات ییتغ  از پس گلوکومانان یکیمورفولوژ و یساختار رات ییتغ  .دهدیم کاهش را گلوکومانان تورم درجه و یآبدوست خواص ن، یبنابرا کند،ی م یبانیپشت گلوکومانان رهیزنج

 ساعت 300 از  پس فاز یجداساز درصد 5 ا تنه رایز  شد مشاهده o/w ونیامولس تی تثب  در  کیل یفیآمف گلوکومانان  ی عال عملکرد .شد د ییتا SEM ریتصاو و IR ف یط قیطر

 a.شود یم شنهادیپ  کیلیف یآمف گلوکومانان دیتول یبرا مناسب هیاول درمان  کی عنوان به یسونوگراف رو، نی ا از .داد رخ ی طیمح طی شرا در یساز رهیذخ
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