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CHAPTER I 

INTRODUCTION 
 

 

1.1 Background 

The interest of utilizing phytochemical derived from natural products, such 

as spices has become major investigation in recent years, and antioxidant is one of 

active compounds being searched (Siviero, et al., 2015). Antioxidant is a 

compound that help preventing hazard caused by free radical and oxidation 

reaction which may lead to rancidity, off-flavor, and reduction of shelf life and 

nutritional value in food (Pokorny, et al., 2001). Curcumin from turmeric and 

cinnamaldehyde from cinnamon are found abundantly in Indonesia (Ravindran, et 

al., 2001; Weiss, 2002); thus, further evaluation and research needed to improve 

the utilization of turmeric and cinnamon as phytochemical. 

Curcumin (1,7-bis (4-hydroxy-3-methoxy-phenyl)-hepta-1,6-diene-3,5-

dione or Diferuloylmethane) is the main active constituent in rhizome of turmeric, 

makes up 2-5% of the spice, which is known for its pigmented substance, 

therapeutic properties, and potent antioxidant (Siviero, et al., 2015). The ability of 

curcumin as antioxidant is demonstrated by Jha, et al. (2015) as hydrogen atom 

transfer from CH2 group at center of heptadione link as well as from phenolic 

group of benzene rings. In addition, turmeric (Curcuma longa L.) belongs to 

genus Curcuma and family Zingiberaceae, which is a native Southeast Asia spice, 

found plenty in Indonesia and is one of the well-known spices being examined 

(Ravindran, et al., 2007). According to Badan Pusat Statistik (2014) the 

production of turmeric in Indonesia reached 120,736 tons in 2013.  



 

 2 

Cinnamaldehyde (3-phenyl-2-popenal) is the primary compound, up to  

60-80%, in the extract of cinnamon oil from stem bark of Indonesia’s cinnamon 

(Cinnamomum burmanni) (Charles, 2013; Weiss, 2002). Cinnamaldehyde is an 

aromatic aldehyde that contributes to flavor and aroma of cinnamon (Acton, 

2013). It is also a bioactive compound effective as microbial inhibitor, toxic 

inhibitor, and insecticide (Suppakul, 2016; Charles, 2013). Cinnamon is the 

member of family Lauracease, an evergreen tree that well known as aromatic 

spice and medicine (Suppakul, 2016). Moreover, the production of cinnamon in 

Indonesia reached 92,000 tons in 2013 (Badan Pusat Statistik, 2015).  

Knoevenagel condensation reaction is an organic reaction between an 

aldehyde or ketone and an activated methylene and can be carried out in the 

presence of catalyst like organic bases in organic solvents (Haryanto and 

Cahyana, 2015; Wang, et al., 2014). Knoevenagel reaction can be used to enhance 

the antioxidant activity of curcumin by modifying its chemical structure with 

cinnamaldehyde and malononitrile. In this experiment, modification of curcumin 

under Knoevenagel reaction was between β-diketone group of curcumin, aldehyde 

group of cinnamaledehyde, and malononitrile, an active methylene, which acts as 

connective compound between two compounds above with guanidine as catalyst 

in the reaction to produce modified compound. This multicomponent reaction 

(MCR) of one-pot three-components process (curcumin, cinnamaldehyde, and 

malononitrile) with catalyst was applied in this experiment as method to produce 

modified curcumin that may potentially contains pyran derivative structure as in 

the experiments of Toure and Hall (2009) and Esmaeilpour, et al. (2015). Pyran 

and its derivatives, such as tetrahydropyran (Ghosh and Ren, 2012), 
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tetrahydrobenzopyran (Esmaeilpour, et al., 2015), and benzopyran (Sumardjo, 

2006) are products that promote some biological properties including photoactive 

material, anticancer, antibacterial agent, and antioxidant.  

The modified curcumin can be utilized as antioxidant added to the edible 

film. Incorporation of antioxidant to the edible film can modify the structure, 

improving functionality, and enhancing applicability of the film. Application of 

edible film containing antioxidant to foods is known as modern food protection 

system that create barrier for physical, chemical, and biological changes, such as 

autoxidation and browning, extend the shelf life and improve quality and safety of 

foods (Eca, et al., 2014). 

 
1.2 Research Problem 

Curcumin is a potent antioxidant that which is well known as active 

compound in turmeric (Siviero, et al., 2015). Furthermore, the synthesis of 

modified curcumin, through Knoevenagel reaction of curcumin, cinnamaldehyde, 

and malononitrile was expected to enhance the antioxidant activity. Some factors 

may affect synthesis of modified curcumin including pH and catalyst amount 

(Menegatti, 2012; Esmaeilpour, 2015), yet the study was still limited. Therefore, 

study regarding modified curcumin by cinnamaldehyde and malononitrile were 

still need to be evaluated. Furthermore, application of this modified compound to 

edible film was predicted to improve the antioxidant activity of edible film. 

However, the addition of antioxidant compound in mixture of edible film can 

affect the characteristics of edible film produced (Kusumawati and Putri, 2013). 

Thus, further experiment was needed to determine certain composition of 



 

 4 

modified compound that gives the best film properties and antioxidant activity of 

edible film.  

 
1.3 Objective 

The objective of this research is divided into two parts, which are general 

objective and specific objectives. 

1.3.1 General Objective 

The general objective of this research was to study the synthesis, 

antioxidant activity, and characteristics of modified curcumin compound, and its 

application in the edible film.   

1.3.2 Specific Objectives 

The specific objectives of this research were: 

1. To determine the effect of pH toward modified curcumin formation based 

on the antioxidant activity  

2. To determine the difference of modified curcumin and commercial 

curcumin based on antioxidant activity and UV-Vis characteristic.   

3. To determine the effect of guanidine concentration toward the yield, 

antioxidant activity, and UV-Vis characteristic of modified curcumin and 

to observe the characterization of chosen modified curcumin regarding its  

chemical structure and mass spectrum. 

4. To determine the antioxidant activity and characteristics of edible film 

added with different concentration of modified curcumin. 




