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ABSTRACT 

Veliana Lim (03420100043) 

STUDY OF OKRA (ABELMOSCHUS ESCULENTUS L.) MUCILAGE 

POWDER PHYSICOCHEMICAL PROPERTIES AND EMULSION 

STABILITY 

 (xiii + 63 pages: 19 figures, 14 tables, and 16 appendices) 

 

Okra (Abelmoschus esculentus L.) is rich in mucilage that can be used as 

emulsifier or binder that are currently applied in drugs industry. However, the 

utilization of okra mucilage as emulsifier is still limited. Therefore, in this 

research the physicochemical properties and emulsifying stability of Okra 

Mucilage Powder (OMP) in an oil-water system were studied. Okra fruits were 

first sliced prior aqueous extraction at 70 °C for 4 h. Microwave-assisted 

extraction method was also applied to increase the yield. Polysaccharide was 

extracted by ethanol 96% and acetone which then dried in oven for overnight at 

45 °C. Yield obtained was 11.84%. Proximate analysis showed that OMP was 

dominated by carbohydrate. FTIR analysis showed that OMP was built of 

galactose, rhamnose, and galacturonic acid. Proteins of OMP consisted of both 

hydrophilic and hydrophobic amino acids. The 
o
Hue of OMP was 83.02±0.65 or 

reddish-brown. The most optimum OMP concentration to maintain emulsion 

stability was 1%. OMP-stabilized-emulsions were stable in wide range of ionic 

strength (0 to1000mM), temperature (room temperature to 90 °C), and pH (2 to 

9) except at its pI which was around 2 and 4. There was no significant (p>0.05) 

difference of oil absorption between OMP and other polysaccharide-based 

emulsifiers (Arabic gum (AG), guar gum (GG), and xanthan gum (XG)). WHC of 

OMP (38.68±0.31) was significantly (p≤0.05) higher than other emulsifiers 

(OMP>XG>GG>AG), but third place for its emulsifying acitivity 

(56.45±2.05)(XG>GG>OMP>AG). Compared to AG, GG, and XG, OMP 

performed better in terms of emulsion stability and oil globule size. For 

conclusion, there is big potential for OMP to be a vegetable-based emulsifier as 

its ability to maintain emulsion stability was comparable to other commercial 

emulsifiers. 
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	Veliana Lim - Thesis Synopsis.pdf
	Okra (Abelmoschus esculentus L.) is rich in mucilage that can be used as emulsifier or binder that are currently applied in drugs industry. However, the utilization of okra mucilage as emulsifier is still limited. Therefore, in this research the phys...
	.
	Keywords: aqueous extraction, emulsion stability, microwave-assisted extraction, oil in water emulsion, okra mucilage powder emulsifiers.
	Okra fruit (Abelmoschus esculentus L.) or lady’s finger is a tropical crop that has been utilized as food. Okra mucilage has been widely studied for its potential in food and pharmaceutical industry (Preedy, et al; 2011). Mucilage is a hydrocolloid of...
	However, there are no known usages of okra mucilage as an emulsifier in food industry, simply because there are also none known studies regarding the stability of this okra mucilage in different conditions of emulsion such as concentration, pH, ionic ...
	Arabic gum, guar gum, and xanthan gum are three commonly used emulsifiers in food industry (Philips and Williams, 2009; Embuscado, 2014; Cho and Samuel, 2009). Those three emulsifiers are polysaccharide based emulsifiers that have similar structure li...
	The materials that were occupied in this research were okra fruits “Bimandiri”, Arabic gum, guar gum, xanthan gum, food colorant (green), distilled water, ethyl alcohol, acetone, frying oil “Filma”, buffer pH 2 to 9 solutions, sodium hydroxide 1M, hyd...
	The equipment that were used in this research were Chromameter Minolta CR-300, knife, chopping board, mixer “Philips”, analytical balance, table balance, pH meter “744 Methrohm”, dry blender “Panasonic MX-J1G”, paint brush, water bath, oven “Memmert”,...
	The stage I research included okra mucilage extraction from okra fruits and determination of mucilage powder physicochemical properties. The physicochemical properties that were analyzed were proximate, functional groups, amino acids profile, yield o...
	The stage II was done to prepare the o/w emulsion with okra mucilage emulsifier and to know the emulsifying stability of the emulsion at different concentrations of OMP, pH, ionic strength, and temperature. The parameter that was used to describe the ...
	Aqueous Phase Preparation. Aqueous phase was prepared by dispersing the mucilage powder in aqueous buffer pH 7 solutions. Food colorant (green) was added to ease observation later on. The solution was stirred at room temperature overnight to ensure a ...
	Effect of OMP Concentrations on Emulsion Stability. Certain concentrations of OMP ranging between 0.1 to 2% were dispersed in  15  mL  aqueous  buffer  pH  7  solutions,  as  described  in previous section, to create aqueous phase solution. The emulsi...
	Effect of pH on Emulsion Stability. The optimum emulsion formula that was produced with certain OMP concentration to create stable emulsion, in corresponding to previous analysis was prepared, to analyze the effect of pH on the emulsion stability. In ...
	Effect of Ionic Strength on Emulsion Stability. The optimum emulsion formula in compatible pH condition determined before was reformulated with addition of different amounts of NaCl (100 to 1000 mM NaCl). The NaCl was diluted in the emulsion by stirri...
	Effect of Temperature on Emulsion Stability. The optimum emulsion formula in the compatible pH and ionic strength conditions that were determined before was   heated to study the effect of temperature on emulsion stability. The emulsions were transfer...
	Remaining Emulsion after 24 hours. Remaining emulsion determination method used was referred to Muryani (2003) research methodology. The emulsion phase that remained after 24 h was measured for its height and compared to whole layer height. The remain...
	Oil Absorption. Oil absorption determination method used was referred to Thanatcha and Pranee (2011) and Agoha (No Year) with modifications. All emulsifiers were approximately weighted to 0.5g into 10 mL centrifuge tube which was then added with 10  m...
	WHC. WHC determination method used was referred to Thanatcha and Pranee (2011) and Agoha (No Year) with modifications. All emulsifiers were approximately weighted to 0.15 g and added with 15 mL distilled water. The materials were then mixed by using m...
	Emulsifying Activity. Emulsifying activity determination method used was referred to Thanatcha and Pranee (2011) and Agoha (No Year) with modifications. In determining emulsifying activity, 0.12 g of okra mucilage powder was approximately weight and a...
	The emulsifying activity of OMP was also compared to AG, GG, and XG that were prepared by mixing 0.6g of each emulsifier and both 6 mL of water and 6 mL of frying oil. The concentration was higher than OMP in determining the emulsifying activity of th...
	Emulsion Stability (Remaining emulsion) Comparisons. The stability of okra mucilage powder emulsion was also compared to Arabic gum, guar gum, and xanthan gum emulsions. The remaining emulsion after 24 h was observed as explained before.
	The fat globule size of emulsion build by each emulsifier mentioned before, as part of emulsion stability comparison of the emulsifiers, was determined microscopically using Microscope “Olympus” with 1000x magnification (Nikzade et al; 2012 with Modif...
	Taxonomical Identification. Identification test was conducted on okra fruits to identify the genus and species of the fruits. The identification test was done by Pusat Penelitian Biologi - Lembaga Ilmu Pengetahuan Indonesia (LIPI). The result indicate...
	Proximate Analysis Result. The proximate analysis was done to analyse the contents of OMP including moisture, fat, protein, ash and carbohydrate. The results are presented in Table 1 below.
	Compared to Jideani and Bello (2008), the protein, fat, carbohydrate, and ash contents of OMP are much different. In the research, it was found that OMP consists of 14.68% moisture, 24.54% protein, 16.63 fat, 2.75% ash, and 56.07% carbohydrate. This m...
	Functional Group of OMP (FTIR).  OMP was analyzed to determine the functional groups that build the emulsifier using FTIR method. The analysis is important to determine the quality of emulsifier according to its functional groups. The analysis was don...
	The result showed similarity like in the research conducted Zaharuddin, et al (2014) regarding the functional groups of OMP. Okra mucilage consists of random coil polysaccharides that are built by β-D-galactose, α-L-rhamnose, and β-L-galacturonic acid...
	FTIR result clearly showed that the main components of OMP were galactose, rhamnose, and galacturonic acid. The result agreed with literature expressed by Tavakoli, et al; 2007. The analysis broad peak at 3411.8 cm−1, represents the aromatic sugar gro...
	Amino Acids Profile. The test was done by PT. Saraswanti Indo Genetech, Bogor. The result is as described in Table 2. From the amino acids profile, it can be seen that OMP contains both hydrophobic and hydrophilic amino acids which contribute to its a...
	Yield. Yield of OMP is the ratio between OMP weight and initial okra fruits weight. The calculation was presented in dry basis percentage. The higher the yield, the more economists the extraction process is (Prawita, 2014).
	The yield of OMP is 11.84% which was much higher than the result published in Malviya (2011) who explained that the mucilage powder can be yielded up to 9.17%. In this research, brief heating in the form of microwave-assisted extraction method was app...
	Figure 1 FTIR analysis of OMP
	Source: UPI (2014)
	Colour. The analysis was conducted twice by random samplings. The Chromameter result showed that the  Hue of OMP was 83.02. According to (Kuehni and Schwarz, 2008), the oHue that is ranged between 78 to 90  indicates redish-brown. Visually, the colour...
	The brown colour of OMP was possibly due to the presence of tannins. There are 1024 mg tannins per kg dry matter okra (Alkurd et al; 2008). According to Vaclavik and Christian (2008), tannins (tannic acid) contributes to tea-like colour of food which ...
	Source: Saraswanti (2014)
	Figure 2 The colour of OMP
	Research Stage II
	According to (McLean and Kilpatrick, 1997), the effect of pH on the stability is usually attributed to ionization of polar groups of surface active components. At certain pH, electrostatic repulsive interactions might appear and consequently break dow...
	According to the amino acids profile, OMP contains glutamic acid and lysine which are the two main amino acids listed as an ionizable amino acids (Onsaard et al; 2006). These ionisable amino acids are responsible to the pH stability of OMP. OMP showed...
	Effect of Temperature on Emulsion Stability. The effect of holding temperature (30 to 90  C for 30 min) on the emulsion stability was observed 24 h after mixing. Unheated emulsion (room temperature) was made as control. According to Figure 4.6 below, ...
	Temperature affects the stability of emulsion especially the one with protein-containing-emulsifier. According to Charoen et al (2011), high temperature leads to thermal denaturation of globular proteins. The globular proteins are unfolded and therefo...
	OMP Emulsifying Properties Comparisons. In order to examine the potential of OMP as an alternative of vegetable-based emulsifier, the emulsifying properties of OMP was compared with other commercial emulsifiers which are AG, GG, and XG. Those three em...
	1. Oil Absorption
	The oil absorption of OMP, AG, GG, and XG are shown in Figure 4.7. Statistically, there was no significant difference in the oil absorption between OMP, AG, GG, and XG.
	Note: Different superscripts indicate significant difference among treatments at α = 0.05
	Figure 3 Effect of emulsifier concentrations on emulsion stability
	Note: Different superscripts indicate significant difference among treatments at α = 0.05
	Figure 4 Effect of pH on emulsion stability
	Figure 5 Effect of ionic strength on emulsion stability
	Note: Different superscripts indicate significant difference among treatments at α = 0.05.
	RT = Room Temperature
	Figure 6 Effect of temperature on emulsion stability
	Oil absorption is the ability of a material to absorb oil. The ability of emulsifier to absorb oil is affected by the structure itself. The polysaccharide structure of OMP may absorb the oil due to polysaccharide matrix (e.g. mucilage, starch). Gotlie...
	Purification can also affect the oil absorption capacity. The research conducted by Mirhosseini and Amid (2012) showed that, the purer the gum is, the less the oil absorption. Purification reduces those non polar impurities and hence, reduces oil abso...
	2. WHC
	Both oil absorption and WHC tests are important to know the functional properties of OMP and to determine the range of application of OMP in food system (Astawan, 1990 and Beristain et al; 1996). WHC is the ability of a sample to absorb water per gram...
	According to Zaharuddin et al (2014) the main functional groups of OMP which is hydroxyl group, is the hydrophilic main functional groups, which primarily acts as the water binder. The ability of an emulsifier to increase WHC depends on emulsifier typ...
	Friberg, et al (2004) explained that oil in water emulsion can be built by emulsifier that has low oil absorption but high WHC. The ability of OMP to absorb water was much higher than that to absorb oil, as the major functional group is hydroxyl group...
	Compare to the other emulsifiers, OMP has significantly (p≤0.05) higher WHC than XG, GG, and AG, respectively with AG showed to have the lowest WHC. High solubility of AG is due to its small structure and dominated by hydroxyl groups. AG also does not...
	3. Emulsifying Activity
	Figure 9 demonstrated the emulsifying activity comparisons of OMP and those 3 emulsifiers. The emulsifying activity  of  OMP stands on the third place after XG and GG, while GA has the weakest emulsifying activity. Statistically, the emulsifying aciti...
	Emulsifying activity is affected by emulsifier’s type, solubility, concentration, and protein formation (Ozalp and Karakaya, 2009; Mepba, et al; 2008; Aremu, et al; 2008) OMP stands on the third place could be due to its concentration that was only 1%...
	4. Emulsion Stability
	The stability comparisons test was done according to Muryani (2003) method with modification. Emulsion was prepared at room temperature by mixing the aqueous phase of each emulsifier with oil with ratio 3:1 (aqueous:oil). The stability was observed 24...
	The result is presented on the Figure 10. OMP has a better performance in stabilizing emulsion compared to GG, XG, and AG, respectively. In order to achieve a stable w/o emulsion, AG must be added at very high concentration which was due to its high s...
	Statistically, there was no significant difference between emulsion stability by XG and GG. Type of emulsifier, particularly the structure that builds the emulsifier, also defines the ability of emulsion to maintain the globule size. As explained befo...
	The oil globule size of emulsion prepared by OMP, AG, GG, and XG were observed microscopically with 1000x magnification. Oil globule size can be used as parameter to express each emulsifier’s stability. Formation of bigger size of globules after 24 h ...
	The Figure 11 showed clearly that oil globule size of OMP (3.99±1.77 μm) stabilized emulsion was the smallest amongst others. While AG  stabilized emulsion showed the appearance of the biggest oil globule size (6.32±6.50 μm) compare to others. AG’s st...
	Figure 7 Oil absorption comparisons between emulsifiers (OMP, AG, GG, and XG)
	Note: Different superscripts indicate significant difference among treatments at α = 0.05
	Figure 8 WHC comparisons between emulsifiers (OMP, AG, GG, and XG)
	Note: Different superscripts indicate significant difference among treatments at α = 0.05
	Figure 9 Emulsifying activity comparisons between emulsifiers (OMP, AG, GG, and XG)
	Note: Different superscripts indicate significant difference among treatments at α = 0.05
	Figure 10 Emulsion stability comparisons between emulsifiers (OMP, AG, GG, and XG
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	Figure 11 Globule size of emulsifiers after mixing (A) OMP, (B) AG, (C) GG, (D) XG
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