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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Turmeric 

Turmeric (Curcuma longa L.) is a perennial rhizomatous crop which is 

part of Zingiberaceae family (Nair, 2013). It mostly grows in tropical and 

subtropical regions such as India, Bangladesh, China, Thailand, Cambodia, 

Malaysia, Indonesia, and Philippines which the largest production area is in India 

(Ravindran, et al., 2007).  In Indonesia, turmeric is known as kunyit, kunyir, 

koneng, temo koneng, alawahu, and many more which depends on vernacular 

(Rukmana, 1994).  

 
Figure 2.1 Turmeric plant 

Source: Rukmana (1994) 

Turmeric plant consists of root, rhizome, stem, leaf and midrib, flower 

stalk and flower. The stem of turmeric plant is short and turmeric has 9-10 leaves 

(Rukmana, 1994). The leaves are large which the length is 35 cm and width 14 cm 

and have oblong shape with green color (Chattopadhyay, et al., 2004; Rukmana, 

1994). Turmeric plant can have rhizome up to 10 rhizomes which its thickness is 

ranging from 1.61 cm to 4 cm based on its maturity. The rhizomes are growth and 
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formed branches and cluster with pale yellow skin and yellow flesh which will 

turn into brownish skin and bright yellowish orange flesh when it grows older 

(Rukmana, 1994). Figure and classification of turmeric can be seen at Figure 2.1 

and 2.2 and listed below (ITIS, 2016): 

Kingdom : Plantae     

Division : Tracheophyta  

Class : Magnoliopsida    

Order : Zingiberales    

Family : Zingiberaceae                                   

Genus : Curcuma L.  

Species : Curcuma longa L. 

According to Chattopadhyay, et al. (2004), turmeric contains 

carbohydrate (69.4%), moisture (13.1%), protein (6.3%), fat (5.1%), essential oil 

such as tumerones, atlantones, and zingiberene (5.8%), and minerals (3.5%). It 

also contains phenolic compound, curcuminoids, approximately 2-9% depends on 

the location and soil condition where it grows (Priyadarsini, 2014).  

 
Figure 2.2 Turmeric rhizome 

Source: Rukmana (1994) 

In Asia, turmeric is mainly used as food spice, preservative, and coloring 

agent. In addition, the usage of turmeric includes in traditional medicine such as 

Ayurveda in India and Jamu in Indonesia which can treat various diseases such as 
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abdominal pains, rheumatism, sinusitis, and hepatic disorders (Chattopadhyay, et 

al., 2004; Riswan and Roemantyo, 2002; Lee, et al., 2013). Coloring substance 

and therapeutic activities of turmeric belong to the polyphenol compound which 

is curcumin (Pal, et al., 2001; Mukundan, et al., 1993).  

2.2 Curcuminoids 

The value of turmeric is determined by its curcuminoids content 

(Kulkarni, et al., 2012). Curcuminoids is a group of polyphenol in turmeric plant 

(Curcuma Longa L.) which consists of curcumin, desmethoxycurcumin (DMC), 

bis-desmethoxycurcumin (BDMC), and cyclic curcumin. From all of 

curcuminoids, curcumin is the major component while cyclic curcumin is the 

minor component (Priyadarsini, 2014). In addition, BDMC mostly has lower 

percentage than DMC in total curcuminoids content. The molecular mass of DMC 

and BDM are 338.0 and 308.1 g/mol with melting point 172.5-174.5
o
C and 

224.0
o
C, respectively. Curcumin also has more biological activities compared to 

DMC and BDMC which only possessed antioxidant activity (Chattopadhyay, et 

al., 2004). DMC and BDMC have maximum absorption at 424 and 419 nm, 

respectively in ethanol solution (Pe´ret-Almeida, et al., 2005). According to Ali et 

al. (2015), curcuminoids solution in ethanol has absorption bands in the region 

240 – 430 nm which the maximum absorption is at 420 nm. However, 

curcuminoids has poor solubility in water (Kulkarni, et al., 2012). The chemical 

structure of curcuminoids can be seen on Figure 2.3.  

2.2.1. Curcumin 

Curcumin which commonly called as diferuloylmethane (C21H20O6) is a 

part of curcuminoids group which exhibit many biological activities. It has low 
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molecular mass (368.37 g/mol), sensitive to light, and relatively heat stable. 

Curcumin maximum absorption is around 420 nm in most polar solvent such as 

methanol and acetone and ranging from 430-434 in hydrogen bond acceptor and 

proton donor solvents such as DMSO and ethanol. Even though methanol is also 

categorized as proton donor solvent, but curcumin absorbs maximaly at           

423-428 nm (Lee, et al., 2013).  It is supported by other study which curcumin 

maximum absorption is at 421 nm in methanol solution (Holkar, et al., 2015). In 

addition, according to Nardo, et al. (2008) the maximum absorption in methanol 

solution is 423 nm and 430 nm at ethanol solution whilst according to Pe´ret-

Almeida, et al. (2005) and Zsila, et al. (2003) the maximum absorption of 

curcumin in ethanol solution is 429 nm.  

 

Figure 2.3 Chemical structures of curcumin, DMC, and BDMC 

Source: Lee, et al. (2013) 

Curcumin also has high melting temperature (183 
o
C). The IUPAC 

name of curcumin is 1,7-bis(4-hydroxy-3-methoxy phenyl)-1,6-heptadiene-3,5-

dione which the structure of curcumin can be seen on Figure 2.3. The curcumin 

structure can have two conformation in equilibrium which are keto and enol 
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tautomeric conformation which can be seen of Figure 2.4. This keto-enol tautomer 

which can exist in cis and trans forms is caused by intermolecular transfer of 

hydrogen atom at the β-diketone chain (Lee, et al., 2013). This tautomer is 

affected by pH where in acidic and neutral condition the major curcumin is in bis-

keto form while in basic condition is in enolate form (Jantarat, 2013). In acidic 

and neutral condition, bis-keto form is insoluble in water while in basic condition, 

enolate form is soluble in water but degraded extensively (Rachmawati, et al., 

2015).  

 
Figure 2.4 Keto-enol tautomeric forms 

Source: Priyadarsini (2014) 

In addition, antioxidant properties of curcumin also affected by this 

tautomer which bis-keto form of curcumin acts as proton donor while enolate 

form acts as electron donor (Lee, et al., 2013). According to Borra et al. (2013), 

curcumin with 99% purity can exhibit free radical scavenger by reacting it with 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. The result shows that curcumin 

has IC50 is 1.08 ± 0.06 μg/ml. Besides of antioxidant activity, curcumin also has 

antibacterial, antiprotozoal, antiviral, hypolipemic, hypoglycemic, anticoagulant, 

antitumor, and anti-carcinogenic (Chattopadhyay, et al., 2004). However, its 
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bioavailability in the body is low because it is under goes rapid first-pass 

metabolism into inactive metabolites (Rachmawati, et al., 2015). 

 

2.3 Nanoemulsion 

Emulsion is a system which consists of two immiscible liquids which 

one of the liquids is dispersed in the other as smaller droplets (McClements, 

2015). Nanoemulsion is referred as an emulsion which has smaller droplet sizes 

compared to normal emulsion that has particle size ranging from 100nm – 10µm 

(McClements, 2015). 

2.3.1 Physical and Physicochemical Properties of Nanoemulsion 

Nanoemulsion is an emulsion which has droplets size ranging from     

10 nm – 100 nm. It has greater physical stability compared to normal emulsion 

due to the very small size of droplets which will prevent sedimentation or 

creaming (Ghosh, et al., 2013). Sedimentation or creaming can be prevented due 

to the gravity effects is smaller than Brownian movement in particle <1µm. 

Nanoemulsion also has transparent or translucent systems due to its small particle 

size and only scatter light weakly (Kwon, et al., 2015; Ostertag, et al. 2012).  

Besides of determining the nanoemulsion stability, droplet size also 

affects the bioavailability of encapsulated compound (Ozturk, et al., 2014).  In 

addition, surfactant type and oil-to-surfactant ratio also can affect the particle size 

which higher of oil-to-surfactant ratio will increase the particle size (Ostertag, et 

al., 2012). Viscosity of nanoemulsion is depends on the type of nanoemulsion. 

Oil-in-water nanoemulsion will have lower viscosity than water-in-oil 

nanoemulsion. In addition, viscosity of nanoemulsion will increase if the amount 
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of surfactant is decreased which will increase the interfacial tension between oil 

and water (Chime, et al., 2014).  

2.3.2 Formation of Nanoemulsion 

Formation of nanoemulsion can be achieved by high energy and low 

energy approaches. High energy methods utilize mechanical energy to produce 

small droplets such as microfluidizers, high-pressure homogenizer, and 

ultrasonicator (Kwon, et al., 2015).  In the contrary, low energy methods utilize 

the chemical potential of the components or environmental conditions by 

changing the temperature or the composition. Low energy methods also known as 

phase inversion method which is advantages in term of cost compared to high 

energy method that need sophisticated equipment (Kwon, et al, 2015). According 

to Oestertag, et al. (2012), both of low and high energy can produce relatively 

same droplet size; however, low energy needs high amount of surfactant while 

high energy methods do not need surfactant as much in low energy method. 

2.3.3 Ingredients of Nanoemulsion 

According to McClements (2015), the basic ingredients of 

nanoemulsion are the same with normal emulsion which are consisted of fat and 

oils, water, and surfactant. 

2.3.3.1 Fat and Oils 

Fat and oils which are part of lipids group are soluble in organic 

solvents but insoluble or sparingly soluble in water. Fat and oils can affect the 

stability of emulsion due to density difference between oil and water, where the 

higher density difference will increase the tendency of creaming during storage 

(McClements, 2015). The optical properties of emulsion are also affected by fat 
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and oils such as turbidity, cloud stability, refractive index and appearance 

(Mirhosseini, et al, 2008). In addition, reduction of oil droplet size can produce 

transparent or translucent systems which the lipids scatter light weakly (Kwon, et 

al., 2015; Ostertag, et al. 2012). The nature of oil also influences the interfacial 

tension in emulsion which affects the ability to producing smaller droplets. Lower 

interfacial tension will produce smaller droplets size. Oil will also be used to 

solubilize the component which is hydrophobic. Soy bean oil, ethyl oleate, sesame 

oil, palm oil, and corn oil are common to be used as oil phase in nanoemulsion 

(Setya, et al., 2014). 

2.3.3.2 Surfactant 

Surfactant is a surface active molecule which consists of polar and non-

polar region (Setya, et al., 2014). The polar region has affinity to water or 

hydrophilic while non-polar region has affinity to lipid or lipophilic (Brennan, 

2006). According to its polar region, surfactant can be classified into anionic, 

cationic, non-ionic and zwitterionic surfactant (Setya, et al., 2014). Surfactant will 

lower down the interfacial tension and make the two immiscible liquids become 

miscible by reducing the stress needed to break the droplet and prevent the droplet 

to aggregate each other (Setya, et al., 2014; Benichou, et al., 2001). The ratio 

between hydrophilic and lipophilic is known as Hydrophile-lipophile balance 

(HLB) which is critical to be determined when choosing the surfactant. Water in 

oil nanoemulsion may use surfactant with low HLB value (3-6) while oil in water 

nanoemulsion needs higher HLB value (8-18). In addition, the reason of 

preference to use nonionic surfactant is due to less toxic than ionic surfactant 

(Setya, et al., 2014). 
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In addition, co-surfactant is a surface active agent which has short chain 

of carbon compared to surfactant (Fanun, 2008). It has the ability to partition 

themselves among in the surfactant molecules at interfacial monolayer which can 

be seen on Figure 2.5 (Fanun, 2008; Setya, et al., 2014). Co-surfactant also 

increasing the fluidity of the emulsion interface which reduce the interfacial 

tension. Some examples of co-surfactants which are usually used in nanoemulsion 

are propylene glycol, polyethylene glycol, lecithin, and some alcohol such as 

ethanol and butanol (Setya, et al., 2014).  

 

Figure 2.5 Oil-in-water nanoemulsion droplet 

Source: Fanun, 2008 

a. Tween-80 

Tween-80 which is also known polysorbate 80 is a nonionic surfactant. It is 

an oleate ester which is mostly used for compounds which are sparingly soluble in 

water. Tween 80 is a lemon to amber-colored oily liquid that has hydrophilic and 

lyophilic characteristic (Troy, 2006). The HLB value of Tween 80 is 15 (Anjana, 

et al., 2012). 

b. Polyethylene Glycol 400 

Polyethylene glycols or known as carbowaxes, Poly(ethylene oxide) and 

polyoxes has two types which are liquids and solid. PEG which has molecular 

weight 200-600 g/mol has liquid form while PEG with molecular weight from 

1000-9000 g/mol is solid form or known as waxiform or carbowaxes (Sheftel, 
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1995). Polyethylene glycol 400 (PEG 400) is a nonionic surfactant with clear 

viscous liquid at room temperature which is obtained from reacting the ethylene 

glycol and ethylene oxide with the presence of sodium hydroxide at 120-135 
o
C 

(Singh, 2012; Troy, 2006). PEG 400 which has HLB value 11.6 is soluble in the 

water and organic solvent. It also will form a clear solution when dissolved in the 

water (Grumezescu, 2016
a
; Troy, 2006).  

2.3.4 Advantages of Nanoemulsion 

Nanoemulsion also has some advantages in terms of bioavailability for 

hydrophobic bioactive. Hydrophobic compound such as drugs, flavors, 

antimicrobials, skin care, and personal products can be enhanced by 

nanoemulsion. Specifically, in food industry, the utilization of nanoparticle in 

food processing can improved the delivery of nutrients, protein bio-separations 

and solubilization in food system (Ravichandran, 2010). 

2.3.5 Instability of Nanoemulsion 

Emulsion stability is an ability to prevent changes in emulsion 

properties throughout time which more stable emulsion will have slower 

properties changes (McClements, 2015). The major problem in nanoemulsion 

stability is phase separation. It is indicating the aging phenomenon of 

nanoemulsion due to Ostwald ripening where the smaller droplets tend to diffuse 

into the bigger droplets causing the growth of droplet size (Kwon, et al., 2015). 

Ostwald ripening is induced by potential difference between droplets (Villiers, et 

al., 2009). Creaming and flocculation also tend to occur in nanoemulsion. 

Creaming is separation due to gravitational force which lower density of globules 

is displaced to the upper part. Flocculation is a term to indicate an aggregation of 
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two or more globules which keep their individual integrity, which the globules 

keep separated (McClements, 2015). In the contrary, larger droplet is prone to 

coalescence which is indicated by combination of two droplets into one larger 

droplet is also type of phase separation (McClements, 2015). Some factors which 

will increase emulsion stability are low interfacial tension, high viscosity, small 

volume of dispersed phase, small size globules, and large electric double layer 

and/or steric repulsion interaction (Schramm, 2005). 

There are three types of interaction in liquid media which are 

electrostatic (electrical double layer) repulsion or attraction, van der Waals force, 

and steric effects by polymers (Vanýsek, 2002). Large electric double layer or 

known as Stern potential indicated good stability of nanoemulsion which phase 

separation can be prevented because the particles will not adhere to each other due 

attractive to van der Waals force (Denton and Rostron, 2013).. However, 

measuring Stern potential cannot be done directly. Therefore, electrokinetic or 

zeta-potential is measured instead of Stern potential (Vanýsek, 2002). Zeta-

potential defines as the value of electric potential at the distance away from the 

droplet surface below which counter ion remain strongly attached to the droplet or 

known as the slipping plane when it moves on an electrical field. If the zeta-

potential value was between -30 mV and 30 mV, which are relatively low, the 

attraction among the droplet is high and will cause flocculation in the system 

(Denton and Rostron, 2013). 
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2.4 Jamu 

Jamu is Indonesian traditional medicine which has been practiced for a 

long time. Jamu is prepared from single or a mixture medicinal plant. Most of 

medicinal plant is the species of Zingiberaceae, Asteraceae, Fabaceae, 

Euphorbiaceae, and Lamiaceae. The most important species to produce traditional 

jamu is Zingiberaceae. There are several uses of jamu which are as medicine, 

health care, beauty care, tonic and beverage, and body’s protection or endurance. 

Nowadays, jamu has been manufactured by industries which come in several 

types such as pills, powder, and capsule. Based on it processing, jamu can be 

categorized into 5 groups which are jamu segar, jamu godogan, jamu seduhan, 

jamu olesan, and jamu in form of pills. Jamu segar is jamu which is made from 

the fresh medicinal plant parts and drunk at fresh condition while jamu godogan is 

jamu which is a decoction from boiling the medicinal plant with water which the 

medicinal plant can be fresh or in dried form. Jamu godogan is mostly used to 

curing diseases.  Jamu seduhan  is jamu which is prepared by pouring hot water 

into the medicinal plant in form of powdered and drink as suspension while jamu 

olesan is jamu which is used externally by rubbing the jamu to cure external 

diseases. Jamu which are found extensively in the market are jamu beras kencur, 

jamu cabe puyang, jamu kunir asem, jamu paitan, and jamu galian (Riswan and 

Roemantyo, 2002).  

Jamu kunir asem or known as jamu kunyit asam consisted of turmeric 

and tamarind as the main ingredients (Riswan and Roemantyo, 2002). Jamu 

kunyit asam is also known as jamu adem-ademan or segar-segaran which means 

refreshing drinks and has benefit to cool the body heat.  This drink is believed to 
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increase general health and particularly in women, it can prevent menstrual 

cramps during menstruation period (Sunaryo, 2015). The health benefits of jamu 

kunyit asam are the result of functional properties of the main ingredients which 

are turmeric and tamarind (Tamarindus indica). Turmeric contains curcumin 

which has broad spectrum of biological activities such as antioxidant and 

antibacterial (Chattopadhyay, et al., 2004). Tamarind mainly consists of dietary 

fiber which is good for digestive system and vitamin C and beta-carotene which is 

a potent antioxidant (Herman, 2015). In addition, jamu kunyit asam also can be 

used as anti-diabetic in mice which induced by streptozotocin (Ayunda, 2014). 

 

2.5 Antioxidant 

Free radical is an atom or molecule which contains one or more 

unpaired electrons thus giving reactivity to the molecule. The free radicals 

generated during hemolytic, heterolytic, or redox reaction (Dasgupta and Klein, 

2014). There are two type of free radicals formed during normal cellular 

metabolisms which are reactive oxygen species (ROS) and reactive nitrogen 

species (RNS). The major ROS is superoxide anion, hydroxyl radical, and 

hydrogen peroxide. Both of ROS and RNS have beneficial effects on low-

moderate concentration which can kill intracellular bacteria while in high 

concentration it will possess deleterious effect (Birbern, et al., 2012). 

Harmful effect of free radical is known as oxidative stress and 

nitrosative stress due to lack of enzymatic and non-enzymatic antioxidant when 

the metabolic reactions that use oxygen produce high ROS and RNS. Oxidative 

stress can result in cellular lipids, protein, and DNA damage (Birbern, et al., 

2012). Therefore, many studies have shown that there is relationship between 
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oxidative damage and several diseases such as cancer, liver disease, Alzheimer’s 

disease, aging, arthritis, inflammation, diabetes, Parkinson’s disease, 

atherosclerosis, and AIDS (Moon and Sibamoto, 2009). The example of oxidation 

mechanism is lipid autoxidation which can be seen on Figure 2.6. 

 
Figure 2.6 Mechanism of lipid autoxidation 

Source: Skibsted, et al. (2010) 

Antioxidant is a substance which can slower or prevents other molecules 

oxidation. There are chemical and natural antioxidants which can be classified as 

enzymatic antioxidant and non-enzymatic antioxidant (Moon and Sibamoto, 

2009). The enzymatic antioxidants are superoxide dismutase, catalase, glutathione 

peroxidase, thioredoxin, peroxiredoxin, and glutathione transferase while the non-

enzymatic antioxidants are vitamin C and E, glutathione, β-carotene, polyphenols 

and flavonoids which is derived from food substance (Birbern, et al., 2012).  Non-

enzymatic antioxidant can be differentiated from their antioxidant mechanisms 

which are hydrogen donating compounds, singlet oxygen quenchers, metal 

chelators, and oxygen scavengers and reducing agents. The hydrogen donating 

compounds will not form new free radicals because it can delocalize its free 

electron (Akoh and Min, 2008). The schematic delocalization of free radical can 

be seen on Figure 2.6. 
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Figure 2.6 Delocalization of free radical 

Source: Shahidi (2015) 

There are many methods to evaluate antioxidant activities which can be 

classified into assay which associated with lipid peroxidation and assay which 

associated with electron and radical scavenging. DPPH method is the example of 

assay which associated with electron and radical scavenging. The principal of this 

method is reacting the substance which possess antioxidant activity with DPPH 

(2,2-diphenyl-1-picrylhydrazyl) radical. The antioxidant activity will be measured 

from the color changes of DPPH solution from purple into yellow in UV 

absorption 517 nm (Moon and Sibamoto, 2009). 

 




