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CHAPTER 1  
 

 

INTRODUCTION 

 

 

1.1 Background of the study 

 

 

Bioactive compound in essential oil becomes attention as an alternative to synthetic 

compounds in food production. Essential oil is used extensively in nutraceutical, 

cosmetic, packaging, and food industries to alternate synthetic compounds. Various 

food-grade essential oil extensively uses in food products, such as rosemary in salad 

dressing, while peppermint, lemon, and orange essential oil in dessert and confectionery. 

Besides, as a flavoring, the essential oil can potentially protect the food from spoilage. 

Numerous essential oils are recognized as “generally regarded as safe” (GRAS); thus, 

they can incorporate in edible coatings and films to boost antimicrobial and antioxidant 

activities (Oriani et al., 2014).  

Torch ginger (Etlingera eliator Jack) has demonstrated strong antibacterial, antifungal, 

and antioxidant activity due to the presence of several bioactive compounds (Vairappan 

et al., 2012). Most of the identified compounds in torch ginger are secondary metabolites 

with high phenolic content (Nurain et al., 2013; Abdelwahab et al., 2010). Polyphenols 

tend to substitute them with naturally available antioxidants and inhibit oxidation 

(Anesini et al., 2008). Various studies have focused on the extraction and utilization of 

each part of the torch ginger plant (bark, flower, leaves, rhizomes, roots, and stem) as a 

natural antioxidant and antibacterial agent in food and nutraceutical applications 

(Bhattacharya et al., 2014; Tao & Liu, 2012). The antibacterial activities of the essential 

oils of gingers are closely associated with the presence of oxygenated monoterpenes and 

other bioactive secondary metabolites (Vairappan et al., 2012).  The GC-MS data showed 

the main components found in the torch ginger inflorescence essential oil (TGIEO) were 

identified as 1- decanol (16.27 %), dodecanal (16.87 %), n-dodecyl acetate (16.40 %), 

cis-9-tetradecen-1-ol (16.29 %) and 1-hexadecanol (16.34 %) (Susanti et al., 2013). 

Furthermore, previous studies also showed that 1-dodecanol (13.82%), dodecanal 

(12.10%), 17-pentatriacontene (10.52%) (Maimulyanti and Prihadi, 2015), á-pinene, 

decanal, and 1-dodecanol are the most abundant compounds in torch ginger included 

(Anzian et al., 2017, Meor Hussin et al., 2018). 

Current food packaging technologies show that incorporating the bioactive compound to 

enhance functional and food-protective properties in bio-based films is crucial (Hanani 

et al., 2014), such EOs as active agents in food packaging (Vilela et al., 2018). 

Incorporating essential oils into polymeric matrices can improve water vapor resistance 

by increasing the film’s hydrophobic fraction (S´anchez-Gonz´alez et al., 2011). Food 

packaging is critical for storage, transportation, and consistency preservation during the 

shelf life of foods. Conventional petroleum-based packaging; plastic is used widely in 

the food industry as it is durable, has good mechanical and barrier properties, easy 

processing, low cost, is less permeable to water vapor, and is compatible with various 
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food products (Assis et al., 2017). Natural compounds incorporated in packaging films 

can prevent or reduce food decay due to oxidation (López-de-Dicastillo et al., 2012).  

Biodegradable polymers can be made from various materials, including polysaccharides, 

protein, and lipid derivatives. (Peelman et al., 2013; Debiagi et al., 2014). The demand 

for biodegradable films made from natural sources has risen in recent years as consumers 

have become more concerned about the environmental impacts of these products and 

have demanded better quality and appearance (Moradi et al., 2012). Polysaccharides are 

used to form films and coatings as food packaging because it is abundant and can be 

produced and obtained at a low cost on a large scale (Bonilla et al., 2013; Oriani et al., 

2014). The global export and import of starch worth 9 576 000 tonnes and 9 577 000 

tonnes reflected that starch is the sustainable source (FAO, 2018). Starch may be used 

because of its ability to form films (Bergo et al., 2008; Henrique et al., 2008) and produce 

odorless, colourless, low-oxygen-permeability polymer matrices (Jiménez et al., 2012; 

Cano et al., 2014). The current demand is for the production of functional packaging with 

active compounds that can improve the quality of the packed food products, which 

further contributes to the food’s nutritional value, becomes the current demand (Medina-

Jaramilloa et al., 2017). 

Volatile compounds are present in EOs and are responsible for their biological activities, 

which potent to minimize or even eliminate the presence of microorganisms and/ or 

reduce the phenomenon of lipid oxidation (Ribeiro-Santos et al., 2017). The quality of 

chicken meat is altered by cross-contamination and can be caused by the oxidation of 

lipids in the presence of O2. Active packaging contains an active substance such as an 

antioxidant that can interact with the headspace and packaged product to prolong its 

shelf-life and quality (Martucci et al., 2015). The innovation of bio-based active 

packaging containing antimicrobial compounds could minimize environmental impacts 

and offer protection for food microbiological contamination (Qin et al., 2017). Applying 

essential oils to food and food packaging extends food stability during storage and can 

perform an antimicrobial, antioxidant or flavoring function. EO minimizes or even 

eliminates microorganisms and/ or reduces the phenomenon of lipid oxidation (Ribeiro-

Santos et al., 2017). Therefore, active packaging containing antibacterial and antioxidant 

compounds was suggested as a functional strategy to enhance chicken meat's safety and 

shelf life (Medina-Jaramillo et al., 2017). 

1.2 Problem statements 

 

 

Synthetic antioxidants obtained from chemical processes are commonly incorporated 

into food to inhibit or slow the oxidation of food during exposure to environmental 

factors. The increasing evidence of chronic diseases correlated with the limitation of 

synthetic food additives as they may exert harmful effects on human health 

(Farahmandfar et al., 2018). Natural preservatives obtained from plant sources have been 

actively studied as an alternative to synthetic materials. The concerns about the safety of 

some chemical preservatives have prompted rising interest in natural alternatives. 

Therefore, there is a need to find safe and effective replacements for chemical 

preservatives and treatments. Various extraction methods to extract torch ginger essential 
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oils such as hydrodistillation (Vairappan et al., 2012) and (Wijekoon et al., 2013); steam 

distillation (Susanti et al., 2013) and (Wijekoon et al., 2013); solvent extraction 

(Maimulyanti & Prihadi, 2015) and (Anzian et al., 2017); subcritical CO2 extraction 

(Anzian et al., 2020 were reported.   

 

 

For instance, the adverse effect of previous extraction methods, such as applying high 

heat in the steam distillation process, could alter the quality of the essential oils. The 

wide range of parameters level of the extraction makes the selected extraction method's 

optimization crucial. Supercritical CO2 extraction is suitable for recovering various 

constituents, especially for non-polar organic compounds, because mild extraction 

conditions were achieved as CO2 has a low critical temperature and pressure, making 

this process viable for broad applications (Mahdi et al., 2014). Advanced methods are 

considered the most promising extraction techniques due to less extraction time, low 

energy consumption, low solvent used, and less carbon dioxide emissions (Abdul Aziz 

et al., 2018). Thus, supercritical CO2 extraction is suitable for recovering various non-

polar organic compounds as conventional extraction has low yield efficiency and adverse 

effects on the bioactive compounds (Molino et al., 2020).  

 

 

The increase in food demand is mounting plastic usage, which the accumulation and 

inappropriate disposal of these packaging contributed to the negative environmental 

impact since it takes a very long time to decompose (Debiagi et al., 2014). These driving 

research efforts to develop biodegradable films as a replacement for or reduction in the 

use of non-biodegradable packaging. Due to the pollution issues associated with plastic 

food packaging, sustainable packaging made from renewable materials has been 

extensively researched to replace synthetic polymers (Medina-Jaramilloa et al., 2017). 

Starch is an excellent example of polysaccharides that can be utilized due to its excellent 

performance to form odorless and colourless film structures with low oxygen 

permeability (Cano et al., 2014; Jiménez et al., 2012; Bergo et al., 2008). The 

incorporation of essential oils as active packaging becomes attention as it could reduce 

environmental impacts and offer protection against chemical contaminations. A previous 

study showed the efficacy of oregano and garlic EOs use within a structural matrix 

controlled the microbial action, which ensured that antimicrobials were distributed 

homogeneously and remained ineffective doses during the storage period (Fernandez-

Pan et al., 2014). On the other hand, torch ginger inflorescence essential oil (TGIEO) 

possesses bioactivity actives, and to the extent, the application of TGIEO into food 

matrices is still limited in the literature. Thus, in this present study, TGIEO incorporated 

as a natural constituent into starch-based films. 

Chicken meat is a highly perishable food due to its high nutrients content and high 

susceptibility to microbial contamination, which is the primary reason for the quality 

deterioration of chicken meat. The quality of chicken meat is altered by two main 

reasons, including microbial contamination and lipid oxidation. Therefore, chicken 

meat’s safety and quality have gained high interest at all supply chain levels. Plant 

essential oils were proposed as natural alternatives to enhance safety and extend poultry 

meat’s shelf-life. However, this sector’s applications are limited due to the essential oil's 

low stability and rapid oxidation. In addition, the concentration of essential oil possesses 

odor and taste (Maryam Adilah & Nur Hanani, 2016), while chicken meats are highly 
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susceptible to lipid oxidation resulting in off-flavor, color, and texture changes, as well 

as safety concerns (Bostami et al., 2017). So, the effect of the active packaging in this 

present study on the quality of chicken meat is crucial to be determined.  

Therefore, the current research aims to determine the optimized SC-CO2 extraction’s 

temperature and pressure on yield and quality of torch ginger which will be further used 

as active packaging constituents for food products. Pressure and temperature were 

evaluated in this study because a previous study indicated an increase in temperature (40 

to 60°C) caused a significant increase in the yield of extraction from Moringa oleifera 

leaves, while a further increase resulted in a slight increase in the yield (Zhao & Zhang 

2013). On the other hand, higher pressures are applied to take advantage of the impact 

of compression on the vegetal matter, which improves mass transfer and the release of 

essential oil from the plant matrix (Yousefi et al., 2019). Therefore, it can conclude that 

many bioactive compounds are potentially being extracted at a higher pressure and 

attributed to the quality of torch ginger essential oil. Therefore, the application of TGIEO 

in active packaging could offer new opportunities to develop a novel food packaging 

system. 

1.3 Research hypothesis 

 

 

The supercritical carbon dioxide (SC-CO2) extraction conditions of torch ginger 

(Etlingera eliator Jack) inflorescence essential oil (TGIEO) on high yield and 

antioxidant solid activity will be successfully optimized by employing response surface 

methodology (RSM). The functional properties of TGIEO can be utilized by 

incorporating into the polymer as a natural antioxidant and antimicrobial constituents in 

the food packaging system. 

1.4 Objectives 

 

 

The objectives of this study were: 

 

1. To optimize the pressure and temperature of supercritical carbon 

dioxide extraction for torch ginger inflorescence essential oil. 

2. To evaluate the antioxidant and antibacterial activities of torch ginger 

inflorescence essential oil incorporation into a starch-based edible film 

as active packaging. 

3. To determine the physicochemical, coliform count, and rancidity of 

chicken meat packed with torch ginger inflorescence essential oil 

incorporated into the starch-based edible film during chilled storage. 
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