
Copyright is owned by the Author of the thesis. Permission is given for a copy 

to be downloaded by an individual for the purpose of research and private study 

only. The thesis may not be reproduced elsewhere without prior permission of 

the Author.  

  



 
 

 

Development of a novel functional yogurt containing 

anti-inflammatory bioactive compounds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Akshay Bisht 

2019 

 



 
 

Development of a novel functional yogurt containing 

anti-inflammatory bioactive compounds 

 

 

 

 

 

 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 

Master of Food Technology 

 

 

 

 

 

 

Massey University 

Albany, New Zealand  

 

 

 

 

Akshay Bisht 

June 2019 



i 
 

Abstract 

The consumption of bioactive compounds is increasingly becoming popular due to their 

beneficial effects on health and wellbeing. The anti-inflammatory properties of bioactives 

such as curcumin are well established. However, curcumin has low bioavailability, hence it is 

frequently consumed in capsules to enable the delivery of the required dosage to achieve 

optimum health benefits. Synergistic effects may be achieved by combining curcumin with 

other anti-inflammatory bioactive compounds. Recent investigations on lupeol and 

chlorogenic acid (CGA) have reported that these bioactive compounds show similar 

therapeutic benefits to curcumin. Furthermore, delivery of bioactives via a food matrix, such 

as fermented coconut yogurt, may improve bioavailability. Thus, this research investigated 

the potential of an anti-inflammatory combination of curcumin with CGA or lupeol with the 

objective of developing coconut yogurt to deliver the combined bioactives to humans. 

This research was performed in two parts. In part 1, the anti-inflammatory potential of three 

bioactive compounds (curcumin, CGA and lupeol), individually and in combination, was 

investigated using an in vitro model of human THP-1 macrophages stimulated with LPS. 

Differentiated THP-1 cells were treated with variable concentrations of curcumin, CGA and 

lupeol and their effects on the production of TNF-α, a pro-inflammatory cytokine, and cell 

viability was measured using ELISA and MTT assays, respectively. Curcumin alone 

significantly (p≤0.05) suppressed TNF-α production in a dose dependent manner. Curcumin 

in combination with lupeol gave an additional 15-35 % reduction in TNF-α level. However, 

the reduction in TNF-α production by curcumin + lupeol was accompanied by cell death. In 

contrast, treatment with CGA appeared to protect the THP-1 cells from LPS toxicity and its 

co-administration with curcumin at a 1:1 ratio reduced TNF-α production without impacting 

cell viability. Further, it is proposed that the latter combination showed anti-inflammatory 

activity by reducing mRNA expression of pro-inflammatory cytokines and COX-2 enzyme 

via suppressing NF-κB, IκB-β-kinase and TLR-4 receptor. Thus, a 1:1 combination of 

curcumin with CGA was selected to be delivered in coconut yogurt.   

In part 2, coconut yogurt enriched with turmeric and coffee to deliver the benefits of 

curcumin and CGA, respectively, was developed. Addition of 100 mg of each bioactive 

compound to 150 g coconut cream did not have any significant (p≤0.05) effect on the viable 

cell counts of the yogurt culture, pH and titratable acidity during fermentation. However, 

slight changes in pH, titratable acidity, viable cell counts and colour were noted during 
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refrigerated storage of the yogurt for 15 days; no changes in syneresis was observed in the 

control and bioactive added samples. By the end of the storage period, 63.31±3.20 % and 

84.81±3.17 % of curcumin and CGA, respectively, were retained in the yogurt samples. The 

yogurt samples with added bioactive compounds were well accepted by consumer sensory 

evaluation panellists. Thus, from the obtained data it can be concluded that coconut yogurt 

may be a potential delivery medium for health promoting curcumin and CGA to consumers.    
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  CHAPTER 1 
  Introduction 

 

1.1 Background 

Today, food is not only consumed to curtail hunger and provide necessary macro- and micro-

nutrients but also to achieve additional mental and physiological health benefits (Betoret, 

Betoret, Vidal, & Fito, 2011; Galanakis, 2017; Sun‐Waterhouse, 2011; Szakály, Szente, 

Kövér, Polereczki, & Szigeti, 2012). Traditionally, therapeutic effects were derived naturally 

from a diet composed of fruits, vegetables, cereals, dairy, and meat. However, today‘s busy 

lifestyle has led to an increase in the consumption of processed food over fresh food 

(Mozaffarian, Hao, Rimm, Willett, & Hu, 2011). To compensate for inadequate intake of 

nutrients and therapeutic non-nutritive compounds from processed food, there is an increase 

in the intake of dietary supplements (Gahche et al., 2011). Hence, there is a demand from the 

modern health-conscious consumer who wants food with balanced calories that can improve 

their health, leading to the development of contemporary so-called ―functional foods‖ (Bech-

Larsen & Scholderer, 2007; Galanakis, 2017). The increasing demand is the result of a 

number of factors such as urbanisation, busy lifestyle, increasing healthcare cost, growing 

awareness, surge in life expectancy and the desire to improve the quality of life (Kaur & Das, 

2011; Roberfroid, 2000; Siro, Kápolna, Kápolna, & Lugasi, 2008). Therefore, the 

development of functional foods is one of the most growing research area (Silva, Barreira, & 

Oliveira, 2016).  

The term ―functional food‖ was first introduced in Japan in the mid-1980s and was referred 

to as ―food for specified health uses (FOSHU)‖ (Ohama, Ikeda, & Moriyama, 2008). The 

American Dietetic Association defines functional food as ―foods that are in forms of whole, 

fortified, enriched or enhanced foods that provide a functional advantage and/or health 

benefits beyond basic nutrition, when consumed at an effective level on a regular basis‖ 

(Thomson et al., 1999). In Europe, there is no legal definition but a working definition 

explains functional food as ―a food that beneficially affects one or more target functions in 

the body beyond adequate nutritional effects in a way that is relevant to either an improved 

state of health and well-being and/or reduction of risk of diseases, and it is consumed as part 
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of a normal food pattern (not a pill, a capsule or any form of dietary supplement)‖ (European 

Commission, 2010).  

Despite disparities in the legal definition of function food, its market worth is increasing. The 

functional food market was worth approximately USD 200 billion in 2013 and is expected to 

increase above USD 300 billion by 2020 (Santeramo et al., 2018). A large number of 

functional foods are commercially available such as vitamin and mineral fortified fruit juice, 

vitamin D and calcium fortified milk, vitamin and mineral fortified bread, catechin enriched 

green tea, cereals with soluble fibres, Omega-3 enriched eggs and yogurt with probiotics and 

prebiotics.   

The health of an individual is greatly affected by their diet and lifestyle. The World Health 

Organisation (WHO) and the Food and Agriculture Organisation (FAO) have reported 

several dietary patterns and lifestyle habits that can lead to the development of chronic 

diseases (WHO, 2003). Chronic diseases were the leading cause of about 60 % mortality 

across the globe in 2005 which further increased to approximate 68 % in 2012 (Tsai, Lin, & 

Wu, 2016; WHO, 2014). Chronic diseases are also an economic burden on society and are 

estimated to cost about USD 7 trillion during 2011-25 in low- and middle-income countries 

(WHO, 2014). Chronic diseases such as obesity, type-2 diabetes, arthritis, asthma, bronchitis, 

pancreatitis, cardiovascular, neurodegenerative, colitis, multiple sclerosis, and metabolic 

diseases as well as some types of cancer are the onsets lead by long-term uncontrolled or 

chronic inflammation (He et al., 2015; Hewlings & Kalman, 2017; Panahi et al., 2016).  

During chronic inflammatory responses several complex cellular signalling pathways are 

activated in the body, resulting in increased levels of inflammatory biomarkers including 

transcription factors such as nuclear transcription factor kappa-B (NF-κB); inflammatory 

cytokines and chemokines such as tumour necrosis factor-alpha (TNF-α), and interleukin (IL-

6); and inflammatory enzymes such as cyclooxygenase (COX-2) and inducible nitric oxide 

synthase (iNOS) (Franceschi & Campisi, 2014; He et al., 2015; Lin & Tang, 2008; Prasad & 

Aggarwal, 2014).  

To control inflammatory responses, one needs to combat the stimulating pathogen and/or 

reduce the production of cell mediator‘s (Liang & Kitts, 2015). Several anti-inflammatory 

drugs have been developed to control chronic inflammation but long-term consumption of 

these drugs may result in side effects such as bleeding in the stomach and predisposition to 
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ulcers (Laine, 2001). Therefore, there is a growing interest in alternative treatments that are 

more natural and can be a part of the diet (Khan, Grigor, Winger, & Win, 2013). 

Traditionally plant-based diets and its derivatives have been used to prevent inflammation 

and thereby related chronic diseases (Mueller, Hobiger, & Jungbauer, 2010). The therapeutic 

effect of food is primarily associated with the presence of bioactive compounds 

(Arvanitoyannis & Van Houwelingen-Koukaliaroglou, 2005; Day, Seymour, Pitts, Konczak, 

& Lundin, 2009; Herrero, Plaza, Cifuentes, & Ibáñez, 2010; Vicentini, Liberatore, & 

Mastrocola, 2016). Bioactive compounds are present in fruits, vegetables, and whole grains 

and can exert physiological effects on consumer‘s body (Astley & Finglas, 2016; Galanakis, 

2017). Certain bioactive compounds can suppress inflammatory biomarkers and reduce 

oxidative stress in cells, thereby help in averting chronic inflammation-related diseases 

(Astley & Finglas, 2016; Calixto, Otuki, & Santos, 2003). For example, a study by Ha, Park, 

Eom, Kim, and Choi (2012), reported a decrease in expression of iNOS and COX-2 

following administration of the narirutin fraction of citrus peels in lipopolysaccharide (LPS) 

stimulated macrophages. Similar results have been reported in other in vitro and in vivo 

studies testing a variety of different bioactive compounds (Joseph, Edirisinghe, & Burton-

Freeman, 2016; Zhang & Tsao, 2016; Zhu, Du, & Xu, 2018).   

Curcumin is one such bioactive that has been extensively studied for its health benefits. It is 

the main phenolic compound that is extracted from the rhizome of the turmeric plant 

(Wilken, Veena, Wang, & Srivatsan, 2011). Its therapeutic benefits include anti-oxidant, 

antiseptic, anti-tumour, anti-malarial, analgesic, anti-obesity and anti-inflammatory properties 

(Amalraj, Pius, Gopi, & Gopi, 2017). It can exert anti-inflammatory properties by acting on 

multiple biomarkers including transcription factors, enzymes, pro-inflammatory cytokines 

and chemokines, and free radical (Lozada-García et al., 2017; Yunes Panahi et al., 2015). 

However, the low bioavailability of curcumin has been a challenge. Due to the low 

bioavailability of curcumin high dose is required to deliver its intended benefits in humans. 

Previous studies have reported a minimum dosage of 3.6 g/day of curcumin is required to 

achieve measurable plasma levels in humans (Anand, Kunnumakkara, Newman, & 

Aggarwal, 2007; Cui et al. 2009). It is possible that this high dose requirement may be 

compensated by co-administrating curcumin with other bioactive compounds that may result 

in a synergistic effect. 
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Although less studied than curcumin, chlorogenic acid (CGA) and lupeol are two bioactive 

compounds obtained primarily from coffee and several fruits, respectively, which have been 

reported to have similar therapeutic effects. Initial studies reported that CGA and lupeol can 

downregulate multiple inflammatory pathways, similar to curcumin, principally by 

suppressing oxidative stress and the activation of NF-κB (Liang & Kitts, 2015; Salminen, 

Lehtonen, Suuronen, Kaarniranta, & Huuskonen, 2008). It is hypothesised that administration 

of curcumin with CGA or lupeol may result in a synergistic anti-inflammatory effect.  

High dose requirement can also be reduced by enhancing the bioavailability of bioactive 

compounds. Presently, most of the bioactive compounds are consumed as dietary 

supplements in the form of pills and capsules but bioavailability can be improved by 

delivering these compounds via appropriate food matrices (Rodríguez-Roque et al., 2016). 

Milk and milk products may form a suitable delivery vehicle as they can solubilise 

hydrophobic bioactive compounds (such as curcumin, CGA and lupeol) in their oil phase 

(Cuomo et al., 2011; Jakobek, 2015; Rege & Momin, 2017). In addition, the acidity of the 

delivery medium can improve the stability of bioactive compounds. Hence, coconut milk 

yogurt, a fermented product with a final pH ≈4.5-4.6 (Fazilah, Ariff, Khayat, Rios-Solis, & 

Halim, 2018), may be an effective vehicle to deliver bioactive compounds for human 

consumption.  

1.2 Aim and objectives 

The aim of this work was to identify the most promising anti-inflammatory combination of 

curcumin with CGA and/or lupeol and thereby develop a coconut cream yogurt to deliver the 

combination of bioactive compounds for human consumption. To achieve the targeted aim, 

the experimental investigations were divided into three major objectives:  

 Objective 1: To investigate the effective synergistic combination of curcumin with 

CGA and lupeol on reducing TNF-α secretion; 

The anti-inflammatory effects of curcumin in combination with different amounts of CGA 

and lupeol were studied using an in vitro model of human TPH-1 monocyte cell line by 

assessing changes in the production of the pro-inflammatory cytokine TNF-α.  

 Objective 2: To investigate the effect of the most promising synergistic combination 

of bioactive compounds on other inflammatory pathways; 
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The synergistic combination was studied for its effect on mRNA expression of inflammatory 

biomarkers such as IL-6, IL-10, TNF-α, NF-κB, iNOS, and COX-2.  

 Objective 3: To develop a coconut cream yogurt containing the synergistic 

combination of bioactive compounds suitable for human consumption.  

The effective concentration of bioactives were added to coconut cream yogurt and their effect 

on the fermentation process was studied. The resulting yogurt was analysed for its sensory 

attributes, physical-chemical and microbiological stability.    
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CHAPTER 2 

Literature Review 
 

2.1 Introduction  

Lifestyle changes have increased the occurrence of ―modern life disorders‖ including chronic 

inflammation, which is occurring over a wide range from children to adults. Chronic 

inflammation is important as it may play a key role in triggering other deadly diseases such as 

asthma, arthritis, type-2 diabetes, heart disease and several forms of cancers (Franceschi & 

Campisi, 2014; Meirow & Baniyash, 2017).  

Many food-derived bioactive compounds such as epigallocatechin-3-gallate (EGCG), 

gingerol, naringenin, quercetin, resveratrol, silymarin, tocopherol, β-carotene, genistein, 

chrysin, curcumin, lupeol and chlorogenic acid (CGA) have been documented for their anti-

inflammatory properties (Fernández-Mar, Mateos, García-Parrilla, Puertas, & Cantos-Villar, 

2012; Gil-Cardoso et al., 2016; Prabhala, Pai, & Prabhala, 2013; Yu, Bi, Yu, & Chen, 2016; 

Zhu, Du, & Xu, 2018). Therefore, recent research has focused on the potential of these 

naturally occurring bioactive compounds to aid in the prevention or treatment of chronic 

inflammation. This review focuses on outlining the events that occur during inflammation 

and the mechanisms of bioactive compounds such as curcumin, lupeol, and CGA in 

suppressing uncontrolled inflammatory responses.   

2.2 What is inflammation? 

Inflammation is the first complex biological response by the host to any stimuli such as 

invasion by a foreign body like microbes, toxins, dirt or burns or cuts or tissue necrosis or 

radiation (Cavaillon, 2017a; Prabhala et al., 2013). According to Kumar, Abbas, and Aster 

(2012c) page 29: 

“Inflammation is a protective response involving host cells, blood vessels, and proteins and 

other mediators that is intended to eliminate the initial cause of cell injury, as well as the 

necrotic cells and tissues resulting from the original insult, and to initiate the process of 

repair” 
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The inflammatory response can be: (i) rapid and short-term called acute inflammation, (ii) or 

be for longer duration called chronic inflammation (Ward, 2010). Acute inflammation can 

last for a few minutes to a few days and is predominantly the response of neutrophilic 

leukocytes to mild and self-limiting tissue injuries resulting in prominent local and systemic 

signs (Ward, 2010).  

Chronic inflammation is the result of severe and progressive injury, predominantly due to 

macrophages responses that can last for several days (Ward, 2010). Chronic inflammation 

can be caused by: (i) continuous infection caused by microbes that are difficult to eliminate, 

such as Mycobacterium tuberculosis, fungi and viruses; (ii) auto-immune responses resulting 

in diseases such as rheumatoid arthritis, psoriasis, and inflammatory bowel disease; (iii) 

allergies like bronchial asthma; and (iv) persistent contact with toxic elements e.g. inhalation 

of silica causing silicosis: a chronic inflammatory response in the lungs (Hnizdo & 

Vallyathan, 2003; Kumar et al., 2012c; Shacter & Weitzman, 2002). Uncontrolled chronic 

inflammation may also contribute to the onset of diseases such as Alzheimer, type-2 diabetes, 

metabolic syndrome and several forms of cancer that traditionally were not considered to be 

related to inflammation (Franceschi & Campisi, 2014; Kumar et al., 2012c).  

2.3 Events during inflammation 

Any stimuli entering beyond the first line of defence (the skin and mucus layer) triggers 

multiple events at the cellular level. The immune response is the combined result of a number 

of different cells including monocytes, mast cells, dendritic cells, and T, B and NKT 

lymphocytes and is not limited to only one cell type (Prabhala et al., 2013). The cellular 

events during inflammation can be summarised as shown in Figure 2.1. Stimuli such as 

bacteria express a certain molecular pattern of proteins on their surface, called the pathogen-

associated molecular pattern (PAMP), which can be detected by the receptors such as toll-like 

receptors (TLR) present on the cells, particularly on mast cells and macrophages (Cavaillon, 

2017b; Kumar et al., 2012c). On recognising the pathogen, the mast cell releases histamine 

stored in its granules (Amin, 2012), while macrophages produce cytokines such as TNF-α 

and IL-6 which as a result initiate the events in blood vessels (Dunster, 2016).   

The main reason for changes in vessels is to increase the blood flow at the site of action.  

Histamine and cytokines leads to vasodilation and increased blood flow (Benly, 2015). This 

allows more blood cells and protein to be delivered to the place of injury. Histamine also   
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 Figure 2.1: Key events during inflammatory response of body and migration of leukocytes. 

1: Invasion of bacteria in body; 2: mast cells and macrophages detect bacteria; 3: secretion of 

histamine and cytokines from their respective cells; 4: vasodilation and increase in blood 

vessel permeability resulting in fluid leakage. 1‘: leukocyte moving towards blood vessel 

wall; 2‘: rolling of leukocyte to form weak adhesion; 3‘: strong adhesion of leukocyte with 

endothelial cells; 4‘: leukocyte squeezes between endothelial cells; 5‘: leukocyte migrates 

towards the site of action; 6‘: bacteria engulfed by leukocyte; and 7‘: bacteria ingested by 

leukocyte and release of cytokines, reactive oxygen species (ROS) and nitric oxide (NO) 

(Created using Microsoft PowerPoint, 2016)   
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causes contraction of the endothelial cells which increases vessel permeability (Ashina et al., 

2015), and aids in moving the fluid carrying proteins and blood cells into extra-vascular 

tissues so that repair mechanisms can be established (Benly, 2015). During vasodilation, 

cytokines and histamine also activate the adhesion molecules on the endothelial cells that 

facilitate the migration of leukocytes out from the vessel (Shalova, Saha, & Biswas, 2017).  

The type of leukocyte leaving the blood vessels will depend on the duration of the 

inflammatory response. During acute inflammation neutrophils are dominant because these 

cells are more abundant in the blood than monocytes, hence they respond more rapidly to 

mediators (Kumar et al., 2012c). However, after entering the tissues, neutrophils die within 

24-48 h while macrophages (developed from monocytes) can survive longer (Kumar et al., 

2012c). Hence macrophages dominate during chronic inflammation.  

The leukocytes move towards the site of action by following a chemical gradient by a process 

called chemo-taxis (Shalova et al., 2017). At the site of infection, the leukocytes can bind to 

microbes, damaged cells, and foreign bodies and results in phagocytosis (Shalova et al., 

2017). Leukocytes then produce substances like reactive oxygen species (ROS), nitric oxide 

(NO) and liposomal enzyme to degrade the engulfed material.    

2.4 Cell mediators of inflammation 

The complex cascades of cellular events during inflammation involve the production of 

enzymes, pro-inflammatory cytokines and chemokine, and other chemical mediators that 

eventually eliminates the pathogen and heal the injured tissues. Macrophages, mast cells and 

other cell involved in inflammatory response can produce a number of cell mediators as 

described below. 

2.4.1 Cytokines 

Cytokines are small proteins which are synthesised and secreted by immune cells (principally 

from macrophages and lymphocytes) to commence, amplifies, prolong and proliferate 

inflammation process (Holdsworth & Gan, 2015; Prabhala et al., 2013). Cytokines can act on 

their producer cells (autocrine) or neighbouring cells (paracrine) or on cells away from their 

production site (endocrine) (Kumar et al., 2012b; Zhang & An, 2007). Broadly, cytokines are 

classified as pro-inflammatory and anti-inflammatory (Table 2.1). Pro-inflammatory 

cytokines such as TNF-α and IL-6 upregulate inflammatory responses while anti-
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inflammatory cytokines such as IL-10 downregulate and have a negative feedback on pro-

inflammatory cytokine responses (Corwin, 2000). An imbalance between productions of pro- 

and anti-inflammatory cytokines may be responsible for chronic inflammatory responses in 

the body resulting in the damage to host cells (Holdsworth & Gan, 2015).   

 2.4.2 Reactive oxygen species (ROS) and reactive nitrogen species (RNS) 

After macrophage engulf bacteria, two independent antibacterial pathways are stimulated 

involving (i) nicotinamide adenine dinucleotide phosphate (NADPH) phagocyte oxidase (or 

NADPH oxidase) and (ii) inducible nitric oxide synthase (iNOS), which results in the 

production of ROS and NO respectively (Mittal, Siddiqui, Tran, Reddy, & Malik, 2014; 

Swindle & Metcalfe, 2007). Both ROS and NO are free radicals that can react with organic 

and inorganic chemicals to kill the bacteria (Kumar, Abbas, & Aster, 2012a). However, 

during chronic inflammation high amounts of ROS and NO are produced that may damage 

the host cells (Soufli, Toumi, Rafa, & Touil-Boukoffa, 2016).  

During inflammation, NADPH phagocyte oxidase can produce ROS in the cytoplasm and 

phagosome of macrophage. NADPH phagocyte oxidase once activated by pro-inflammatory 

cytokines like TNF-α, will utilise NADPH and oxygen (O2) to produce superoxide (O2
•-
) by 

the process called the oxidative bust or respiratory bust (Mittal et al., 2014). O2
•- 

has very low 

half-life, therefore it rapidly converts to hydrogen peroxide (H2O2), which is then converted 

to highly reactive hypochlorous acid (HOCl) by the enzyme myeloperoxidase (MPO) or the 

eosinophil peroxidase (EPO) (Swindle & Metcalfe, 2007). In the presence of metal ions such 

as iron (Fe
2+

) and copper (Cu
2+

), H2O2 can undergo the Fenton or Haber Weiss reaction to 

produce hydroxyl radical (OH
•
) and hydroxyl anion (OH

-
) (Mittal et al., 2014).   

NO is the principle reactive specie of nitrogen produced de novo by oxidation of an amino 

acid L-arginine in the presence of NADPH (Kumar et al., 2012a). During inflammation, this 

reaction is carried out in macrophages or other inflammatory cells by the iNOS (Fang, 2004; 

Forrester, Kikuchi, Hernandes, Xu, & Griendling, 2018; Soufli et al., 2016). NO can further 

react with O2 to produce nitrogen dioxide (NO2
•
), which can then react with itself to yield one 

molecule of dinitrogen tetraoxide (N2O4) (Swindle & Metcalfe, 2007). The presence of 

PAMP and cytokines such as TNF-α, and IL-6 can trigger cascades like NF-κB and Janus-

activated kinase-signal transducer and activator of transcription (JAK-STAT) leading to 

transcription of iNOS (Fang, 2004).  
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Table 2.1: Major pro- and anti-inflammatory cytokines produced during inflammation. 

Cytokine  Principal Cell 

Source 

Major Activity 

Pro-inflammatory 

TNF-α Macrophages, mast 

cells and dendritic 

cells 

Stimulate adhesion of leukocytes to endothelial cells and the 

production of other pro-inflammatory cytokines e.g. IL-1, IL-2 

and IL-6, induces death of host cells resulting in pain and 

fever 

IFN-γ T cells and NK 

cells  

Activates macrophages, influence B cell proliferation, 

increases expression of antigens and induce death of host cells 

MIP-1α Macrophages Chemo-taxis 

TGF-β T cells and 

monocytes 

Chemo-taxis and synthesis of IL-1 and IgA 

IL-1α and 

IL-1β 

Macrophages, 

neutrophils, B cells, 

endothelial cells 

and other cell types 

Recruitment of macrophages and neutrophils to inflammation 

site, stimulates the production of  IL-6, increases vessel 

permeability and promotes tumor development   

IL-5 Mast cells and T 

cells 

Stimulates growth and functioning of B cells and eosinophils 

IL-6 Macrophages, T 

cells and fibroblasts 

Stimulates proliferation of B cells, works synergistically with 

TNF and IL-1, activates and recruits macrophages to 

inflammation site, activates acute-phase proteins, acts on 

hypothalamus to induce sickness behaviors e.g. fever and 

anorexia   

IL-8 Macrophages Increases vessel permeability and recruits neutrophils to 

inflammation site via chemo-taxis  

IL-12 Macrophages, B 

cells and dendritic 

cells 

Induces proliferation of NK cells, stimulates IFN production 

Anti-inflammatory 

IL-4 Mast cells, T cells 

and NK cells 

Stimulates growth and functioning of B cells, suppresses 

production of IL-1 and TNF 

IL-10 T cells, B cells and 

macrophages 

Stimulates proliferation of B cells, suppresses IL-1 synthesis 

in macrophages  

IL-11 Bone marrow Promotes growth of bone marrow cells, activates acute-phase 

proteins 

IL-13 T cells Down-regulates the production of pro-inflammatory cytokines 

similar to IL-4 

TNF: tumour necrosis factor; IFN: interferon; NK: natural killer; MIP: macrophage inflammatory 

proteins; TGF: transforming growth factor; IL: interleukin; IgA: immunoglobulin A. Adapted from: 

(Corwin, 2000; Neurath, 2014; Zhang & An, 2007) 



12 
 

2.4.3 Arachidonic acid metabolites 

Arachidonic acid is a polyunsaturated fatty acid which is present in the human body as an 

esterified cell membrane phospholipid. Production of cytokines such as TNF-α and IL-6 and 

ROS and NO triggers the release of free arachidonic acid from the membrane phospholipids 

by activating enzyme phospholipase A2 (Li, Gao, Du, Cheng, & Mao, 2018). Free 

arachidonic is metabolised by two enzymatic pathways: (i) cyclooxygenase (COX) or (ii) 

lipoxygenase (LOX) to synthesise various classes of eicosanoids (Figure 2.2) (Meirer, 

Steinhilber, & Proschak, 2014; Prabhala et al., 2013), that result in an increase in vascular 

permeability, vasodilation, vasocontraction and bronchoconstriction (Prabhala et al., 2013).  

 
Figure 2.2: Cyclooxygenase (COX) and lipoxygenase (LOX) pathways for production of 

arachidonic acid metabolites. 

PG(G2, H2, D2, I2, F2αa): prostaglandin (G2, H2, D2, I2, F2αa); TXA2: thromboxane A2; 5-

HPETE: 5-hydroperoxyeicosatetraenoic acid; 5-HETE: 5-hydroxyeicosatetraenoic acid; 

LT(A4, B4, C4, D4, E4): leukotriene (A4, B4, C4, D4, E4); LX(A4, B4) : lipoxin (A4, B4). 

Adapted from: (Kumar et al., 2012c; Meirer et al., 2014) (Created using Microsoft 

PowerPoint, 2016) 
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COX initially downregulate arachidonic acid to produce unstable prostaglandin G2 (PGG2) 

which is further transformed into more stable prostaglandin H2 (PGH2) (Meirer et al., 2014). 

COX has two isoforms, of which COX-1 is always expressed to maintain prostaglandin 

homeostasis while COX-2 on other hand is expressed as a result of pro-inflammatory 

cytokines, bacteria or growth factors (Funk, 2001; Li et al., 2018; Prabhala et al., 2013). Both 

COX-1 and COX-2 function similarly to produce PGH2. Further downregulation of PGH2, 

produces various prostaglandins and thromboxane (Meirer et al., 2014). Of all the 

prostaglandins produced, prostaglandin E2 (PGE2) is the most critical during inflammation as 

it is responsible for inflammatory symptoms of pain and fever (Funk, 2001; Hwang, 

Wecksler, Wagner, & Hammock, 2013).   

LOX-5 is the key enzyme involved in arachidonic acid metabolism in neutrophils. LOX-5 

oxidises arachidonic acid to produce intermediary 5-hydroperoxyeicosatetraenoic acid (5-

HPETE) which is then oxidised to produce a series of leukotriene‘s resulting in inflammatory 

responses. 5-HPETE can also be transformed by 12-LOX to produce lipoxin A4 (LXA4) and 

lipoxin B4 (LXB4). Both the lipoxins are anti-inflammatory in nature and can inhibit 

neutrophil chemo-taxis and adhesion to the endothelial surface (Kumar et al., 2012c; Meirer 

et al., 2014).    

2.5 Bioactive compounds and inflammation  

In addition to the macro- and micro- nutrients, food also contain bioactive compounds which 

are significant for maintaining the well-being of humans (Galanakis, 2017). Bioactive 

compounds are naturally occurring extra-nutritional compounds that can affect the metabolic 

process by targeting whole body or specific tissues or cells, thus, impacting on the function 

and wellness of the body (Astley & Finglas, 2016; Galanakis, 2017; Torres-Fuentes, 

Schellekens, Dinan, & Cryan, 2015). Table 2.2 summarises the sources and health benefits of 

some bioactive compounds. These compounds can have positive biological effects such as 

anticancer, antibacterial, antifungal, antioxidant, anticoagulant, anti-obesity and  anti-

inflammatory (Astley & Finglas, 2016; D‘Orazio et al., 2012; Elias, Kellerby, & Decker, 

2008; Gooda Sahib et al., 2012; Korhonen & Pihlanto, 2003; Phelan & Kerins, 2011; Torres-

Fuentes et al., 2015; Wang et al., 2014).  

Currently, the role of bioactive compounds are being investigated to develop a novel strategy 

for the alleviation of chronic inflammation. Some of the bioactive compounds with reported 
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anti-inflammatory effect are shown in Table 2.3. Bioactives can reduce the stress signals 

produced by cells in response to stimuli thereby control inflammatory responses in the body 

(Prabhala et al., 2013).  

 

Table 2.2: Bioactive compounds and their associated health benefits. 

Class Bioactive Compounds Major Food Source Health Benefits 

Bioactive 

peptide 

Various peptides Milk, meat and fish Antihypertensive, antioxidant properties or 

immunomodulatory activities 

Carotenoids  Curcumin, lutein and β-

carotenr 

Carrots, tomato, 

spinach, apricot,  

pepper and citrus 

Prevention against cardio vascular disease, 

cancer and age related degeneracy 

Essential Oil Cardamom oleoresin, 

eugenol and eugenyl 

acetate 

Citrus fruit skin, 

cardamom, 

marjoram, clove oil 

and basil oil 

Antidepressant, antispasmodic and anti-

inflammatory properties 

 

Prevention against cardio vascular disease, 

cancer 

Fatty acid Omega 3 and omega 6 Flex seeds, vegetable 

oils, fish oil, nuts and 

egg 

Anti-inflammatory, anti-carcinogenic and 

immunomodulatory properties  

 

Phenol Caffeine, catechins, 

chlorogenic acid, ellagic 

acid, gallic acid, 

isoflavone, mangiferin, 

naringenin, quercetin, 

vanillin, resveratrol, 

rutin and anthocyanins 

Fruits like apple, 

cherries, berries, 

plums and grapes, 

legumes, green 

coffee extract, green 

tea, olive oil, 

broccoli and onion  

Prevention against cancer, 

neurodegenerative, cardio vascular and 

metabolic disease 

Reduce oxidative stress 

Protein Albumin, hirudin and 

papain 

Egg, peas, grains and 

papaya 

Antioxidant, age related degeneracy, 

immunity booster and weight and blood 

pressure management 

Organic acid Citric acid and 

hydroxycitric acid 

Citrus fruits, malabar 

tamarind and 

hibiscus sabdariffa 

Antioxidant, anti-ageing and weight 

management  

Vitamin and 

mineral 

Water and fat soluble 

vitamins, iron, zinc, 

magnesium, calcium 

Majorly in all fruits 

and vegetables, milk 

and meat 

Benefits ranging from improved vision and 

gums to development of bones, and teeth‘s  

They even play important role as co-factors 

and co-enzymes in metabolic reactions  

Adapted from: (Augustin & Sanguansri, 2015; Dias, Ferreira, & Barreiro, 2015; Onwulata, 2013)  
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2.5.1 Curcumin  

Turmeric, a member of the ginger family (Zingiberaceae), is obtained from the rhizome of 

the Curcuma longa plant (Alappat & Awad, 2010; Nelson et al., 2017). Turmeric is a popular 

spice and a key ingredient in traditional Chinese and India Ayurvedic medicines for wound 

healing, scabbing of pox, reducing discomfort from insect bites, and treatment of colds, 

coughs, stomach disorders and cancers (Kim, Lee, & Shin, 2015; Nelson et al., 2017). 

Turmeric has been used in the food industry for its natural yellow colour and distinct flavour 

due to the essential oils and oleoresins. Nutritionally, turmeric typically contains 60-70 % 

carbohydrate, 5-10 % fat, 6-8 % protein, 3-7 % mineral, 2-7 % fiber, 3-7 % essential oil and 

6-13 % moisture (Nelson et al., 2017; Prasad, Gupta, Tyagi, & Aggarwal, 2014).  

Today turmeric is increasingly being used as a therapeutic agent, with its benefits primarily 

due to the presence of curcuminoids (Raina, Srivastava, & Syamsundar, 2005; Ramirez et al., 

2018; Zeng et al., 2015). The term curcuminoids refer to a group of compounds, namely 

curcumin (accounting for ≈ 60-70 %), demethoxycurcumin and bis-demethoxycurcumin and 

a trace amount of secondary metabolites (Nelson et al., 2017; Priyadarsini, 2014). Together, 

curcuminoids make-up approximately 2-9 % of turmeric on a dry matter basis (Tsuda, 2018). 

Structurally, curcumin (also known as diferuloyl methane) is C12H20O6 with IUPAC name 

1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione (Kocaadam & Şanlier, 2017; 

PubChem Open Chemistry Data Base, 2018). The presence of a β-diketone moiety is 

responsible for keto-enol isomers of curcumin (Figure 2.3), however, the enol isoform is 

reported to be more stable (Payton, Sandusky, & Alworth, 2007; Shen & Ji, 2007).  

 

  
Figure 2.3: Keto-enol isomers of curcumin. 

Source: (Wanninger et al., 2015) (Reproduced from an open access article) 

 

Curcumin is a hydrophobic molecule, therefore, it is insoluble in water but soluble in solvents 

like ethanol, methanol, chloroform and dimethyl sulfoxide (DMSO) (Hatcher, Planalp, Cho, 

Torti, & Torti, 2008; Priyadarsini, 2014). Its solubility can further be improved by mixing 
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solvent with serum such as fetal calf serum (FCS) or bovine serum albumin (BSA). This 

technique is commonly used for in vitro studies (Klawitter et al., 2012; Quitschke, 2008). 

However, Wang et al. (1997) reported 50 % degradation of curcumin dissolved in 10 % FBS 

for 8 h. Although the solubility of curcumin is enhanced at alkaline pH (up to pH ≈ 10.2), it is 

relatively unstable and degrades quickly (about 90 % in 30 min) in neutral or alkaline pH to 

produce compounds like vanillin and ferulic acid (Figure 2.4a) (Nelson et al., 2017). In 

aqueous solution curcumin is mainly degraded by autoxidation. Free radical species initiate a 

series of degradation steps, producing several unstable intermediary products, resulting in a 

stable cyclic compound called bicyclopentadione (Figure 2.4b) (Gordon, Luis, Sintim, & 

Schneider, 2015). 

Curcumin is also sensitive to light and degradation occurs rapidly in both crystalline and 

aqueous states. Powdered curcumin exposed to sunlight converts into vanillin, vanillic acid   

 

 
Figure 2.4: Degradation of curcumin (a) at alkaline pH; (b) autoxidation in solvent; (c) 

photo-oxidation when in crystalline or aqueous state; and (d) photo-oxidation when in 

specific solvent like isopropanol.  

Source: (Nelson et al., 2017) (Reproduced with permission) 
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and ferulic aldehyde like compounds (Figure 2.4c) (Griesser et al., 2011). Curcumin 

dissolved in a solvent and exposed to light produces several solvent-depended products, e.g. 

production of guaiacol derivative when dissolved in isopropanol (Figure 2.4d) (Nelson et al., 

2017). Curcumin is relatively stable at high temperature, but above 90ºC the β-diketone 

linkage break and leads to degradation (Peram, Jalalpure, Palkar, & Diwan, 2017).          

Despite poor water solubility and low stability, curcumin has found wide applications as a 

therapeutic agent. The α and β-diketo moiety is a good chelating agent, therefore curcumin 

can reduce the toxicity of heavy metals such as lead and cadmium by forming strong 

complexes with them (Akram et al., 2010; Priyadarsini, 2014). The phenolic group of 

curcumin can scavenge free radicals by trapping the radical and thereby inhibiting the chain 

reaction, hence act as an anti-oxidant (Barzegar, 2012; Chen, Xue, & Mu, 2014). It can act on 

a wide spectrum of microorganism showing antibacterial, antifungal, anti-parasitic and anti-

HIV activities (Nelson et al., 2017). Curcumin is also reported to be effective against several 

infections such as malaria, sexually transmitted disease and chronic inflammation-related 

diseases such as arthritis, type-2 diabetes, osteoporosis, psoriasis, bronchitis, depression, 

obesity and several cancers (Hewlings & Kalman, 2017; Kocaadam & Şanlier, 2017; 

Mullaicharam & Maheswaran, 2012).  

2.5.1.1 Curcumin and inflammation 

Curcumin has been extensively studied for its anti-inflammatory properties, which helps to 

explain some of its multiple therapeutic benefits (Hewlings & Kalman, 2017; Marchiani, 

Rozzo, Fadda, Delogu, & Ruzza, 2014). Curcumin can influence the activity of multiple 

pathways by blocking certain enzymes (e.g. COX-2, 5-LOX and iNOS), growth factors (e.g. 

transforming growth factor-β1: TGF-β1), receptors (e.g. integrin receptor: IR and interleukin 

8-receptor: IL-8-R), kinases (e.g. mitogen-activated protein kinase: MAPK and Janus kinase: 

JAK), inflammatory cytokines (e.g. TNF-α, IL-6 and IL-8) and transcriptional factors (e.g. 

NF-κB and nuclear factor 2-related factor: Nrf-2) (Anand, Sundaram, Jhurani, 

Kunnumakkara, & Aggarwal, 2008; Jurenka, 2009; Lozada-García et al., 2017). The different 

molecular targets reported to be affected by curcumin are illustrated in Figure 2.5. Of these 

targets, the suppression of inflammatory cytokines and transcriptional factors are key 

contributors to the anti-inflammatory property of curcumin.   
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Figure 2.5: Various molecules targeted by curcumin. 

EGR-1: early growth response gene-1; AP-1: activating protein1; CREB-BP: CREB-binding 

protein; WT-1: Wilms‘ tumour gene-1; NF-κB: nuclear transcription factor kappa-B; STAT: 

signal transducers and activators of transcription; HIF-1: hypoxia inducible factor-1; ERE: 

electrophile response element; Nrf-2: nuclear factor 2-related factor; PPAR-γ: peroxisome 

proliferator-activated receptor-gamma; MCP: monocyte chemoattractant protein; MIP: 

macrophage inflammatory protein; IL: interleukin; TNF-α: tumour necrosis factor alpha; 

MaIP: macrophage inflammatory protein; IR: integrin receptor; ER-α: estrogen receptor 

alpha; H2-R: histamine (2)- receptor; HER-2: human epidermal growth factor-2; LDL-R: low 

density lipoprotein receptor; Fas-R: Fas receptor; EPC-R: endothelial protein C-receptor; AR: 

androgen receptor; EGF-R: epidermal growth factor-receptor; IL-8-R: interleukin 8-receptor; 

CXCR4: alpha-chemokine receptor; AHR: aryl hydrocarbon receptor; DR-5: death receptor-

5; AATF-1: arylamine N-acetyltransferases-1; COX-2: cyclooxygenase-2; NQO-1: NADPH-

quinoneoxidoreductase-1; TMMP-3: tissue inhibitor of metalloproteinase-3; Src-2: src 

homology-2 domain containing tyrosine phosphatase 2; PhpD: phospholipase D; GCL: 

glutamate cysteine ligase; MMP: matrix metalloproteinase; iNOS: inducible nitric oxide 
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oxidase; LOX, lipoxygenase; DNA pol: DNA polymerase; GST: glutathione S-transferase;  

FPT: farnesyl protein transferase; ODC: ornithine decarboxylase; HGF: hepatocyte growth 

factor; CTGF: connective tissue growth factor; FGF: fibroblast growth factor; NGF: nerve 

growth factor; PDGF: platelet-derived growth factor; TGF-β1: transforming growth factor-

β1; EGF: epidermal growth factor; VEGF: vascular endothelial growth factor; TF: tissue 

factor; FAK: focal adhesion kinase; AAPK: autophosphorylation-activated protein kinase; 

Pp60c-tk: a non-receptor protein tyrosine kinase c-Src; EGFR-K: EGF receptor-kinase; 

Ca
2+

PK, Ca
2+

-dependent protein kinase; PTK: protein tyrosine kinase; MAPK: mitogen 

activated protein kinase; PKB: protein kinase B; PKA: protein kinase A; JAK: janus kinase;  

ERK: extracellular receptor kinase; PhK: phosphorylase kinase; JNK: c-jun N-terminal 

kinase; uPA: urokinase-type plasminogen activator; Bcl-2: beta-cell lymphoma protein; Bcl-

xL: beta-cell lymphoma extra-large; VCAM-1: vascular cell adhesion molecule- 1; ICAM-1: 

intracellular adhesion molecule-1; ELAM-1: endothelial leukocyte adhesion molecule-1; 

IAP: inhibitory apoptosis protein; HSP-70: heat-shock protein 70; MDRP: multi-drug 

resistance protein; DFF-40: DNA fragmentation factor 40-kd subunit. Adapted from: (Anand 

et al., 2008; Noorafshan & Ashkani-Esfahani, 2013) and created using Microsoft PowerPoint. 

 

NF-κB is the principal regulator influencing the expression of more than 500 inflammation-

related genes (Buhrmann et al., 2011). NF-κB protein is present in the cytoplasm of the cell 

which on activation is translocated into the nucleus (Jobin et al., 1999). In its in-activated 

form, the heterodimer structure of NF-κB is sequestered by binding with IκB, an NF-κB 

inhibitory protein (Surh et al., 2001). When cells are exposed to an external stimuli e.g. 

bacteria, inflammatory cytokines, ROS, ultraviolet radiation or viral proteins, NF-κB is 

functionally activated (Hatcher et al., 2008; Jobin et al., 1999; Surh et al., 2001). The 

exposure to the external stimulus will activate various kinases such as NF-κB inducing kinase 

(NIK) and IκBα kinase (IKK) resulting in phosphorylation and degradation of inhibitor κB 

(IκB), thereby activating NF-κB (Surh et al., 2001). The exposure to the external stimulus can 

also activate mitogen-activated protein kinases (MAPK, a family of serine/threonine kinase) 

signalling pathways leading to phosphorylation and activation of NF-κB (Hatcher et al., 

2008; Kaminska, 2005; Liang et al., 2015). Activated NF-κB travel into the nucleus where it 

binds to the promoter region on DNA and result in increased transcription of various 

inflammation-related genes responsible for enhancing the expression of cytokines e.g. TNF-α 

and IL-6 and enzymes e.g. COX-2 and iNOS (Li, Suwanwela, & Patumraj, 2017; Surh et al., 

2001). The pro-inflammatory cytokines, free radicals and products formed during arachidonic 

acid metabolism can further promote activation of NF-κB and result in prolonging 

inflammatory response (He et al., 2015). Curcumin can suppress the secretion of pro-

inflammatory cytokines, quenches ROS and RNS and inhibits TNF-α mediated 

phosphorylation and degradation of the IκB signalling pathway. Thus, it can help control 
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prolonged inflammation (Alappat & Awad, 2010; Hatcher et al., 2008; Jobin et al., 1999; 

Panahi et al., 2015; Singh & Aggarwal, 1995; Surh et al., 2001).  

Evidence for the anti-inflammatory properties of curcumin  

Studies from many in vitro, animal and clinical trials have reported the anti-inflammatory 

effect of curcumin, some of which are summarised in Table 2.4.  

Evidence for in vitro studies 

As previously discussed, NF-κB inhibition is an important pathway involved in the anti-

inflammatory effects of curcumin. Several studies (Table 2.4) have shown that curcumin can 

suppress NF-κB activation and NF-κB-regulated gene expression in both animal and human 

cell lines.  

Pan, Lin-Shiau, and Lin (2000) reported that curcumin could down-regulate iNOS secretion 

and transcription in LPS induced inflammation in RAW264.7 cell. Further, these authors 

reported that curcumin decreases the activity of IκB kinase-1/2 (IKK-1/2 or IKK-α/β), 

thereby inhibiting NF-κB activation. Ben et al. (2011) confirmed that curcumin suppresses 

iNOS secretion and transcription, and proposed that curcumin inhibits extracellular signal-

regulated kinase-1/2 (ERK-1/2) activation and subsequently iNOS secretion. Other studies on 

LPS treated RAW 264.7 cells showed that treatment with curcumin decreased secretion of 

pro-inflammatory cytokines (e.g. TNF-α and IL-6) and enzymes (e.g. COX-2 and iNOS) 

(Murakami et al., 2008; Sun et al., 2010). Curcumin treatment of LPS induced inflammation 

in BV2 cell resulted in a decrease in the secretion of NO, PGE2, TNF-α, IL-6 and IL-1β and 

downregulation of expression of iNOS and COX-2 (Jin, Lee, Park, Choi, & Kim, 2007). In 

another study, 3T3-L1 preadipocyte, isolated from male C57BL/6 mice fed with high-fat diet 

for 3 months, were cultured along with RAW 264.7 and a decrease in monocyte 

chemoattractant protein-1 (MCP-1, responsible for chemo-taxis in adipose tissues) was 

reported on treatment with 10 µM curcumin for 6 h (Woo et al., 2007).  

Curcumin has elicited similar effects on human cells. For example, administration of 

curcumin to U937 and A293 cells stimulated with TNF-α to induce inflammation, resulted in 

a dose-dependent decrease in the expression of NF-κB-regulated genes like COX-2, IκB-α 

and IKK  (Aggarwal et al., 2006). Vascular smooth muscle cells, administrated with 

curcumin, suppressed expression of TNF-α, NO, MCP-1 and iNOS by reducing NF-κB 

activation via downregulation of MAPK pathways (Meng, Yan, Deng, Gao, & Niu, 2013). 
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Curcumin incubated with human umbilical vein endothelial cells led to a decrease in high 

mobility group box 1 (HMGB-1) (Kim, Lee, & Bae, 2011), which is responsible for the 

secretion of pro-inflammatory cytokines and neutrophil adhesion and migration.      

Evidence for animal studies 

The molecules shown to be targeted by curcumin in in vitro studies are also reported to be 

affected in animal trials (Table 2.4). Curcumin administered for 6 h at a rate of 35 mg/kg/h 

decreased the level of TNF-α and IL-6 in Sprague-Dawley rats with induced pancreatitis by 

blocking IκB mediated NF-κB activation (Gukovsky, Reyes, Vaquero, Gukovskaya, & 

Pandol, 2003). In another study, 100 mg/kg curcumin administered for 20 days prior to 

inducing acute pancreatitis in male Wistar-Albino rats decreased TNF-α, IL-6, iNOS and NO, 

(Gulcubuk et al., 2013). 

Curcumin is also effective in reducing obesity-induced inflammation as shown by Weisberg, 

Leibel, and Tortoriello (2008) and Shao et al. (2012). In these two studies, dietary curcumin 

was administrated via high-fat diet in male C57BL/6J mice and reported inhibition of NF-κB 

activation resulting in a decrease in oxidative stress and macrophage infiltration in white 

adipose tissues. Incubation of mice with curcumin (200 µl of 0.2 mg/ml/day for 12 days) 

reduces TNF-α level and also speeds up the wound healing process by increasing collagen 

level (Yen et al., 2018). Similar results were reported by Kant et al. (2014) in wounded 

diabetic adult male Wistar rats on treatment with curcumin for 19 days. Kant et al. (2014) 

also reported an increase in anti-inflammatory cytokine IL-10 and enzyme superoxide 

dismutase (SOD) on exposure with curcumin. Curcumin downregulates pro-inflammatory 

cytokines e.g. IL-1β, TNF-α and IL-6, and upregulates anti-inflammatory cytokines e.g. TGF-

α and IL-10 in hippocampus, cortex, hypothalamus and spleen of Wistar rats affected with 

chronic mild stress (You et al., 2011).    

 

Evidence for clinical trials 

A clinical trial is the best way to understand the effectiveness of a compound in performing 

the intended function in the human body. However, due to high cost, longer duration, 

withdrawal of participants and high precision requirement there is limited clinical evidence 

supporting the anti-inflammatory effects of curcumin. Some of the clinical trials are 

summarised in Table 2.4.  
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Table 2.4: Pre-clinical and clinical studies showing the anti-inflammatory effects of 

curcumin. 

Researcher(s) 

(reference) 

Experiment Design Dose and 

Duration 

Key Observations Mechanism 

Purposed/ Comment 

(if any) 

In vitro studies 

Pan et al. 

(2000) 

LPS (100 ng/ml) 

induced inflammation 

in  RAW 264.7 (mouse 

monocyte) cells 

10 µM  for 

6 h 

 

Decrease in iNOS 

secretion and transcription 

Inhibition of IKK1 and 

IKK2 activity  

 

Curcumin down-

regulate NF-κB 

activation by inhibiting 

IKK 

Aggarwal et al. 

(2006) 

TNF-α (0.1 and 1 nM) 

induced inflammation in 

U937 (human myeloid 

leukemia) and A293 

(human embryonic 

kidney) cells 

10-50 µM  

for 2-24 h 

Downregulate COX-2, 

cyclin D1, IAP-1, IAP-2, 

Bcl-2, Bcl-xL, Bfl-1/A1, 

p65, IκB-α, IKK and Akt 

in dose dependent manner 

Curcumin suppress 

TNF-α induced NF-κB 

activation and NF-κB-

regulated gene 

expression by inhibiting 

IKK and Akt activation  

 

Bachmeier et 

al. (2007) 

TNF-α (10 ng/ml) 

induced inflammation 

in  MDA-MB-231 

(human breast cancer) 

cell line 

 

25 µM for 

2-24 h  

Reduces ΙκΒ, p65 

phosphorylation, MMP 

and AP-1  

Curcumin silences NF-

κB functioning  

Woo et al. 

(2007) 

3T3-L1 preadipocyte 

were isolated from 

mice fed with high-fat 

diet and were cultures 

along with RAW 264.7  

10 µM  for 

6 h 

Decrease in TNF-α, NO 

and MCP-1 

Curcumin can suppress 

obesity-induced 

inflammatory responses 

by suppressing  

MCP-1 release from 

adipocytes 

 

Jin et al. (2007) LPS (0.5 μg/mL) 

induced inflammation 

in BV2 (mouse murine 

microglial) cell line 

5-20 µM 

for 24 h 

Decrease in secretion of 

NO, PGE2, TNF-α, IL-6 

and IL-1β 

Downregulate expression 

of iNOS and COX-2   

    

 Curcumin reduce pro-

inflammatory cytokines 

by suppressing NF-κB  

Murakami et al. 

(2008) 

LPS (100 ng/ml) 

induced inflammation 

in  RAW 264.7 cells 

 

0.2-20 µM  

for 3 h 

Decrease in COX-2 and 

NF-κB expression 

 

Chen, Nie, Fan, 

and Bian 

(2008) 

LPS (1 µg/ml) induced 

inflammation in  RAW 

264.7 cells 

 

5-30 

µmol/l for 

8 h 

Decrease in TNF-α and 

IL-1β 

Curcumin 

downregulate NF-κB 

dependent 

transcription factors 

 

Sun et al. 

(2010) 

LPS (50 ng/ml) 

induced inflammation 

in  RAW 264.7 cells 

 

20 µmol/l 

for 7 h 

Decrease in TNF-α and 

IL-6 

 

Kim et al. LPS (100 ng/ml) 2.5-100 Decrease in HMGB-1 Curcumin inhibit 
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(2011) induced inflammation 

in human umbilical 

vein endothelial cells 

(HUVEC) 

 

µM for 6 h release and neutrophil 

adhesion and migration 

HMGB-1-mediated pro-

inflammatory response   

Ben et al. 

(2011) 

LPS (100 ng/ml) 

induced inflammation 

in  RAW 264.7 cells 

 

20 µM for 

12 h 

Decrease in iNOS 

secretion and transcription 

 

Curcumin inhibits ERK 

1/2 activation and 

subsequently 

suppressed iNOS 

enzyme activity 

 

Meng et al. 

(2013) 

LPS (1 µg/ml) induced 

inflammation in 

vascular smooth 

muscle 

cells (VSMCs) of rats 

 

5-30 

µmol/l for 

24 h 

Decrease in TNF-α, NO, 

MCP-1, iNOS, IκBα and 

NF-κB 

Curcumin suppresses 

MAPK and NF-κB 

pathways 

Youn, Kwon, 

Ju, Choi, and 

Park (2013) 

THP-1 (human 

monocyte) cells were 

cultured alone and in 

combination with 

HaCaT (immortalized 

human keratinocyte) 

cells in presence of 

TNF-α 

 

1-30 µM 

for 1-24 h 

Decrease in ICAM-1, Nrf2 

and HO-1 

Curcumin suppress the 

TNF-α-induced 

ICAM-1 expression and 

subsequent THP-1 

adhesion via expression 

of HO-1 in the HaCaT 

Animal trials 

Gukovsky et al. 

(2003) 

 

Ethanol and CCK-8 

induce pancreatitis in  

Sprague-Dawley rats 

200 mg/kg 

for 6 h 

Downregulate TNF-α, IL-

6, IκB and AP-1 

Curcumin blocks NF-

κB and AP-1 activation  

Banerjee, 

Tripathi, 

Srivastava, 

Puri, and 

Shukla (2003) 

 

Arthritis induced in 

male Sprague Dawley 

rats via Freund‘s 

adjuvant (10 mg/ml) 

 

100 mg/kg 

every day 

for 35 days 

Decrease in TNF-α, IL-

1β and NO  

 

Weisberg et al. 

(2008) 

Wild-type and ob/ob 

male obese C57BL/6J 

mice 

3 % dietary 

curcumin 

per day for 

35 days 

 

Decrease in macrophage 

infiltration of white 

adipose tissue 

 

Curcumin downregulate 

NF-κB activity 

Gupta et al. 

(2011) 

Streptozotocin induced 

diabetic Wistar albino 

rats 

 

1 g/kg 

every day 

for 16 

weeks 

 

Downregulate SOD, 

TNF-α and VEGF 

 

Shao et al. 

(2012) 

Male C57BL/6J mice 

fed with high fat diet 

 

 Dietary 

curcumin 

for 28 

weeks 

 

Decrease in oxidative 

stress 

Curcumin inhibit NF-

κB or pJNK levels 

Jiang et al. 

(2013) 

Chronic mild stress 

induced in male Wistar 

10 mg/kg 

per day for 

Inhibit TNF-α and IL-6 at 

both mRNA and protein 

Curcumin reduced the 

activation of NF-κB 
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rats 

 

21 days level 

Gulcubuk et al. 

(2013) 

Sodium taurocholate 

induced acute 

pancreatitis in male 

Wistar-Albino rats 

 

100 mg/kg 

for 20 days 

before 

pancreatitis 

Downregulation of TNF-

α, IL-6 and iNOS and NO 

(but not at all time points) 

Curcumin inhibit NF-

κB and AP-1 

Kant et al. 

(2014) 

Wounded diabetic 

adult male Wistar rats 

400 µl 

applied on 

wounds 

every day 

for 19 days 

Decrease in pro-

inflammatory cytokine 

TNF-α and IL-1β 

Upregulation of anti-

inflammatory cytokine 

IL-10 and enzyme SOD  

 

Curcumin have thicker 

collagen deposition at 

wounded area 

Wang et al. 

(2014) 

LPS (0.83 mg/kg) 

induced depression in 

adult male Kun-Ming 

mice 

50 mg/kg 

per day for 

7 days 

Decrease in TNF-α, IL-

1β, iNOS and COX-2 

Curcumin have anti-

depressive effect by 

inhibiting NF-κB 

pathway 

 

Zhang, Li, Jia, 

and He (2015) 

Ovalbumin (40 µg/kg) 

induced allergy in 

female BALB/c and 

C57BL/6 mice 

100 and 

200 mg/kg 

per day for 

3 days 

Downregulate TNF-α, IL-

1β, IL-6, IL-8, ERK, p38, 

JNK, IκBα and NF-κB 

Curcumin have anti-

allergic effect by 

inhibiting MAPK/NF-

κB pathway 

 

Kaur, Patro, 

Tikoo, and 

Sandhir (2015) 

PTZ induced chronic 

epilepsy in adult male 

Wistar rats 

100 mg/kg 

every day 

for 30 days 

Decrease in secretion and 

transcription of IL-1β, IL-

6, TNF-α and MCP-1 

 

 

Zhong et al. 

(2016) 

LPS (5  mg/kg) 

injected male wild-type 

C57BL/6 mice 

20-80 

mg/kg 

every day 

for 28 days 

Decrease in serum level 

of TNF-α, IL-1β and IL-

18 

Downregulate O2
•-
, H2O2, 

ROS and NO in liver 

 

Curcumin inhibit 

PI3K/Akt and 

CYP2E/Nrf2/ROS 

signaling 

Li et al. (2017) Stroke‑induced male 

Wistar rats 

300 mg/kg 

30 min 

after 

operation 

  

Decrease in NF‑κB, 

ICAM‑1 and MMP‑9 

 

Yang et al. 

(2018) 

DSS induced 

inflammatory bowel 

disease in male ICR 

mice 

 

0.1 or 0.25 

mmol/kg 

for 7 days 

Decrease in NF‑κB, 

COX-2 and iNOS  

Curcumin inhibit 

STAT-3 pathway 

Clinical trials 

Dhillon et al. 

(2008) 

Nonrandomized, open-

label, phase II trial with 

patients confirmed 

adenocarcinoma of the 

pancreas (n=21) 

8 g/day 

until 

disease 

progression 

Downregulate NF‑κB and 

COX-2 peripheral blood 

mononuclear cells from 

patients 

No toxicity observed 

 

 

Khajehdehi et 

al. (2011) 

Randomized double- 500 mg 

turmeric 

Decrease in serum level 

of TGF-β and IL-8 

No adverse effects 

related to the turmeric 



30 
 

blind and placebo-

controlled trail with 

patients suffering from 

type 2 diabetic 

nephropathy (n=20)  

capsule 

trice/day 

for 2 

months 

supplementation  

Each capsule contain 

22.1 mg of the active 

ingredient curcumin 

 

Ganjali et al. 

(2014) 

Randomized double- 

blind crossover trial 

with obese patients 

(n=28) 

500 mg 

capsules 

twice/day 

for 30 days 

(each 

capsule 

contains 5 

mg 

bioperine) 

 

Downregulate IL-1β, IL-

4 and VEGF 

No effect on serum level 

of IL-1α, IL-2, IL-6, IL-

8, IL-10, IFNγ, EGF, 

MCP-1, and TNFα  

 

Panahi et al. 

(2015) 

Randomized double-

blind placebo-

controlled trial with 

male participants 

suffering from chronic 

sulfur mustard (n=40) 

 

500 mg 

capsules 

/day for 4 

weeks  

Decrease in TNF-α, IL-6, 

TGF-β, hs-CRP, CGRP 

and MCP-1 

No toxicity observed 

 

Sciberras et al. 

(2015) 

Effect on inflammatory 

cytokine after 2 h 

exercise in randomized 

double-blind cross-over 

trail with male athletes 

(n=11) 

500 mg 

capsule 

with 

midday 

meal for 3 

days and 1 

capsule just 

before 

exercise 

  

Statistically insignificant 

decrease in serum level of 

IL-1, IL-6 and IL-10 

 

Panahi et al. 

(2016) 

Randomized double-

blind placebo-

controlled trial with a 

parallel-group design 

having males and 

females diagnosed with 

metabolic syndrome 

(n=50) 

500 mg 

capsules 

twice/day 

for 8 weeks 

(each 

capsule 

contains 5 

mg 

piperine) 

Decrease in serum level 

of TNF-α, IL-6, TGF-β 

and MCP-1 

No toxicity observed 

 

LPS: lipopolysaccharide; iNOS: inducible nitric oxide synthases; IKK: IκB kinase; NF-κB: nuclear 

transcription factor kappa-B; TNF-α: tumour necrosis factor alpha; COX-2: cyclooxygenase-2; IAP: 

inhibitor of apoptosis protein; Bcl-2: beta-cell lymphoma protein; Bcl-xL: beta-cell lymphoma extra-

large; MMP: matrix metalloproteinases; AP-1: activating-protein-1; NO: nitric oxide; MCP-1: 

monocyte chemoattractant protein-1; PGE2: prostaglandin E2; IL: interleukin; VCAM-1: vascular cell 

adhesion molecule- 1; ICAM-1: intracellular adhesion molecule-1; HMGB-1: high mobility group 

box 1; ERK: extracellular signal-regulated kinase; MAPK: mitogen activated protein kinase; Nrf2: 

nuclear factor 2-related factor 2; HO-1: heme oxygenase-1; mRNA: messenger ribonucleic acid;  

SOD: superoxide dismutase; VEGF: vascular endothelial growth factor; JNK: c-jun N-terminal 

kinase; PTZ: pentylenetetrazole; O2
•-
:  superoxide; H2O2: hydrogen peroxide; ROS: reactive oxygen 

species; NO: nitric oxide; PI3K/Akt: phosphatidylinositol 3-kinase/protein kinase B; CYP2E: 

cytochrome P450- 2E1; DSS: dextran sulfate sodium; IFNγ: interferon γ; EGF: epidermal growth 
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factor; TGF-β: transforming growth factor-β; hs-CRP: high-sensitivity C-reactive protein; CGRP: 

calcitonin gene related peptide. 

 

Panahi, Ghanei, Bashiri, Hajihashemi, and Sahebkar (2015) conducted a randomized double-

blind placebo-controlled trial on male participants suffering from chronic sulfur mustard. 

Participants were given 500 mg capsules of curcuminoids per day for 4 weeks. 40 individuals 

completed the trial and authors reported a decrease in TNF-α, IL-6, MCP-1, transforming 

growth factor-β (TGF-β), high-sensitivity C-reactive protein (hs-CRP) and calcitonin gene-

related peptide (CGRP). Similar results have been reported in another randomized double-

blind placebo-controlled trial in people diagnosed with metabolic syndrome (Panahi et al., 

2016). A decrease in serum levels of TNF-α, IL-6, TGF-β and MCP-1 was reported following 

administration of 500 mg curcumin consumed twice a day for 8 weeks. In contrast, 

consumption of 500 mg curcuminoids twice a day for 30 days did not downregulate IL-1α, 

IL-2, IL-6, IL-8, IL-10, interferon γ (IFNγ), epidermal growth factor (EGF), MCP-1, and 

TNF-α in obese individuals (Ganjali et al., (2014).  

2.5.1.2 Bioavailability and metabolism of curcumin 

Curcumin is known to have poor bioavailability in both humans and animals. The small 

portion of curcumin that is absorbed in the intestine quickly degrades in the blood and liver 

(Liu et al., 2016), leading to the formation of curcumin glucuronide and curcumin sulphate 

via two different pathways (Mahran, Hagras, Sun, & Brenner, 2017). Curcumin can undergo 

a series of reduction reactions, where four bonds of curcumin are broken to form octa-hydro-

curcumin. During this conversion, intermediates such as hexahydrocurcimin glucuronide and 

hexahydrocurcimin sulphate are produced (Hassaninasab, Hashimoto, Tomita-Yokotani, & 

Kobayashi, 2011; Mahran et al., 2017). Curcumin, via the second pathway, can form 

conjugates with monoglucuronide and monosulfate to produce curcumin glucuronide and 

curcumin sulphate which are more prominent in the blood (Cuomo et al., 2011; Ghosh, 

Banerjee, & Sil, 2015). The unabsorbed fraction of curcumin which may be as high as 75 % 

is excreted directly in faeces (Yadav, Sah, Jha, Sah, & Shah, 2013).     

  2.5.1.3 Safety of curcumin 

Turmeric is listed as generally recognized as safe (GRAS) by the Food and Drug 

Administration (FDA) (Nelson et al., 2017) and curcumin has been reported safe for human 
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consumption. Curcumin dose of 0-3 mg/kg body weight have been reported as adequate daily 

intake (ADI) by the Joint FAO/WHO Expert Committee on Food Additives (2004) (JECFA) 

and European Food Safety Authority (2014) (EFSA). However, some studies have used 

curcumin doses of up to 8,000-12,000 mg/day and reported adverse effects such as headache, 

diarrhoea, rash, nausea and yellow stool (Hewlings & Kalman, 2017; Kocaadam & Şanlier, 

2017; Nelson et al., 2017). Such high doses are used because of poor bioavailability of 

curcumin in the human body as its therapeutic effects are limited at lower doses.      

2.5.1.4 Co-administration of curcumin with other bioactives  

Different methods are being considered to improve the bioavailability of curcumin such as 

the development of nanoparticles, nanoemulsions and liposomes (Cuomo et al., 2011; Jin, Lu, 

& Jiang, 2016; Mahran et al., 2017; Prasad et al., 2014). Curcumin is also being investigated 

in combination with other bioactive compounds that may enhance its activity and thereby its 

therapeutic effects at lower doses (Mahran et al., 2017). Some of the bioactive compounds 

listed in Table 2.2 have been studied in combination with curcumin and their synergistic 

effects reported. Piperine, a bioactive compound from black pepper, has been extensively 

studied in combination with curcumin and it is reported to improve the absorption of 

curcumin in the body by 2000 % (Hewlings & Kalman, 2017). In a phase III randomized 

double-blind placebo-controlled trial with a parallel-group design on 59 subjects diagnosed 

with metabolic syndrome treated with a daily dose of 1 g curcuminoids mixed with 10 mg of 

piperine for 8 weeks, the authors (Panahi et al., 2015) reported a significant increase in serum 

concentration of SOD in comparison with the control. Curcumin was also studied in 

combination with resveratrol (a bioactive compound from grapes, berries and wine). In 

combination, curcumin (10 µM) and resveratrol (10 µM) synergistically downregulated 

MAPK pathway in human articular chondrocytes (Shakibaei, Mobasheri, & Buhrmann, 

2011). However, in a double-blind, crossover, randomized study in obese adults treatment 

with a combination of curcumin (100 mg) and resveratrol (200 mg) was not effective in 

significantly reducing serum concentration of IL-6, IL-8, MCP-1 or VCAM-1 (Vors et al., 

2018). Furthermore, there was no difference in NF-κB gene expression in comparison with 

the control.  

 

 



33 
 

2.5.2 Chlorogenic acid 

Chlorogenic acid (CGA) is a less studied bioactive compound. It is one of the principle 

polyphenols in the human diet as it is abundant in many food sources such as fruits (e.g. 

apples, grapes, pears, peaches, plums, kiwi fruit, mangoes, blueberries, and blackberries) and 

vegetables (e.g. cabbage, eggplants, carrots, potatoes, tomatoes and coriander) (Clifford, 

2000; Furrer, Cladis, Kurilich, Manoharan, & Ferruzzi, 2017; Liang & Kitts, 2015; Naso et 

al., 2014; Santana-Gálvez, Cisneros-Zevallos, & Jacobo-Velázquez, 2017; Upadhyay & 

Mohan Rao, 2013). However, the amount available varies according to the maturity, storage 

conditions and processing steps applied to different food sources. For example, CGA in 

potato is reported to increase slowly during storage in the presence of light (Onyeneho & 

Hettiarachchy, 1993). CGA is distributed throughout the plant including roots, seeds, leaves, 

flowers, and tubes, as well as products developed from them, such as coffee, juice and even 

wine (Gil & Wianowska, 2017). Green coffee beans are key source of CGA containing about 

6-12 % CGA on a dry weight basis (Gil & Wianowska, 2017).          

Chemically, CGA is a group of polyphenols derived from esterification reactions between 

cinnamic acids derivatives and quinic acid (QA) (Tajik, Tajik, Mack, & Enck, 2017). CGA is 

the whole hydroxyl-cinnamic acid family containing caffic acid (CA), ferulic acid (FA) and 

p-coumaric acid with quinic acid (Naveed et al., 2018). Further, these subgroups have several 

isomeric forms which are distributed in food sources. The chemical structures of CGA which 

are dominant in food are shown in Figure 2.6. Coffee beans for instance consist of several 

CGA isoforms, including 3-caffeoylquinic acid (3-CQA), 4-caffeoylquinic acid (4-CQA), 5-

caffeoylquinic acid (5-CQA), 3,4-dicaffeoylquinic acid (3,4-diCQA), 3,5-dicaffeoylquinic) 

(Liang & Kitts, 2015; Matei, Jaiswal, & Kuhnert, 2012). In coffee beans, 5-CQA is present in 

the largest quantity accounting for 76-84 % of all CGA which makes up approximately 10 g / 

100 g of beans on dry weight basis (Farah & Donangelo, 2006; Perrone, Donangelo, 

Donangelo, & Farah, 2010). Caution is required when reading documents related to CGA as 

in most of the publications 5-CQA is referred to as CGA. In the present study, CGA is 

referred to 5-CQA, unless specified.        

CGA is poorly soluble in water but has good solubility in organic solvents like methanol, 

ethanol, acetone and DMSO. Depending on the solvent, CGA may hydrolyse to QA and 

cinnamic acids derivatives or decarboxylation of cinnamic acids derivatives or lactones 

formation can occur (Jaiswal, Matei, Golon, Witt, & Kuhnert, 2012).  
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Figure 2.6: Chemical structure of different isomers of chlorogenic acid. 

Source: (Liang & Kitts, 2015) (Reproduced from an open access article) 

 

Under basic pH conditions, the rate of degradation of CGA increases, escalating hydrolysis 

and acyl migration (Deshpande, Jaiswal, Matei, & Kuhnert, 2014). pH-dependent degradation 

can be reduced by adding ascorbic acid and epigallocatechin-3-gallate (EGCG) to the CGA 

solution (Narita & Inouye, 2013). An increase in temperature increases the degradation of 

CGA via intermolecular isomerization. Effect of temperature intensity (time and temperature) 

on CGA in coffee beans revealed that mild roasting (230℃ for 12 min) of beans reduces 

CGA by 45-54 % while 99 % reduction was reported in high roasting (250℃ for 17 min) 

(Moon, Yoo, & Shibamoto, 2009). CGA is photosensitive and on exposure to UV or visible 

light, it may undergo cis-trans isomerization (Jaiswal, Kiprotich, & Kuhnert, 2011). CGA 

mixed in methanol is reported to degrade more rapidly on exposure to light when compared 

with the light-protected solution (Xue et al., 2016).       
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There are evidences that CGA have therapeutic effects in humans. CGA is reported to exhibit 

anti-oxidant and anti-inflammatory properties which are associated with its effectiveness in 

reducing obesity, type-2 diabetes, hypertension, metabolic syndrome, stroke, blood pressure 

and some forms of cancer (Naveed et al., 2018; Santana-Gálvez et al., 2017; Tajik et al., 

2017; Zhao, Wang, Ballevre, Luo, & Zhang, 2012).    

2.5.2.1 Chlorogenic acid and inflammation 

CGA is an anti-oxidant (Cha et al., 2014; Hao, Pan, Zhang, & Wang, 2015; Karthikesan, Pari, 

& Menon, 2010; Koriem & Soliman, 2014; Sato et al., 2011; Xu, Hu, & Liu, 2012) and 

exhibits its anti-inflammatory effects predominantly by scavenging ROS and RNS, thereby 

reducing oxidative stress in the cell (Liang & Kitts, 2015; Tajik et al., 2017). CGA can donate 

an H
+
 ion to ROS and inhibits the chain reaction. After donating H

+
, CGA is oxidised to 

phenoxyl radical and stabilize itself by resonance (Tošović, Marković, Marković, Mojović, & 

Milenković, 2017). A decrease in ROS within the cell will reduce the activation of the NF-κB 

signalling pathway which in result will reduce the production of various pro-inflammatory 

cytokines such as TNF-α and IL-6, and other cell mediators; ultimately reducing chronic 

inflammation in the host (Naveed et al., 2018).       

Evidence for the anti-inflammatory properties of chlorogenic acid  

In vitro, animal and clinical trials demonstrating the anti-inflammatory effect of CGA are 

summarised in Table 2.5.  

Evidence for in vitro studies 

Krakauer (2002) studied the effect of CGA (0.2-200 µg/ml) on staphylococcal exotoxin 

(SEB) induced inflammation in human peripheral blood mononuclear cells and reported a 

dose-dependent decrease in IL-1β, TNF-α, IL-6, IFNγ, MCP-1, MIP-1α and MIP-1β. Similar 

results have been reported by others in mouse murine microglial BV2 (Guo et al., 2015) and 

porcine intestinal epithelial cell line (Palócz, Pászti-Gere, Gálfi, & Farkas, 2016). Guo et al. 

(2015) also reported suppression of NF-κBp65 pathway by CGA. Administration of CGA 

(12.5-37.5 µg/ml) to LPS induced inflammation in RAW 264.7 cells resulted in 

downregulation of COX-2 and PGE2 at protein and mRNA level by suppressing the NF-κB 

and JNK/AP-1 signalling pathway (Shan et al., 2009). However, there was no effect on iNOS 

or NO expression. In contrast, several authors have reported a decrease in NO and iNOS 

levels in inflammation-induced cells (Shen et al., 2012; Hwang et al., 2014; Chen and Wu, 
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2014). Incubation of MC3T3-E1 and Caco-2 cells with CGA reduced ROS in cell and 

therefore decreased pro-inflammatory cytokines (Han et al., 2017; Liang & Kitts, 2018).  

Evidence for animal studies 

The molecular targets reported to be suppressed by CGA in in vitro studies are also 

downregulated in animal models. Treatment of LPS induced inflammation in the left knee 

joint of Wistar rats with 40 mg/kg CGA significantly decreases TNF-α and IL-1β levels 

(Chauhan et al., 2012). Yun, Kang, and Lee (2012) reported a decrease in TNF-α, iNOS, 

COX-2 and Nrf2 levels in hepatic ischemia and reperfusion injured male Sprague Dawley 

rats. Administration of 40 mg/kg CGA in acetaminophen-induced hepatotoxicity in mice 

suppresses IκB/p65-NF-κB activation pathway (Zheng, Sheng, Lu, & Ji, 2015). On contrary, 

treatment with 1 mM CGA (for 15 days) had no effect on TNF-α expression of dextran 

sulphate sodium (DSS) induced colitis in female C57BL/6 mice (Shin et al., 2015). Of all the 

studies summarised in Table 2.5, Bagdas et al. (2015) reported cytotoxicity and genotoxicity 

in wounded male diabetic Sprague Dawley rats treated with 50 mg/kg/day of CGA for 15 

days. In a recent study, a decrease in pro-inflammatory cytokine (e.g. TNF-α, IL-6 and IL-1β) 

was observed in pigs administrated with 1000 mg/kg/ day of CGA for 14 days (Chen et al., 

2018b).  

Evidence for clinical trials 

Clinical evidences demonstrating the anti-inflammatory effects of CGA are limited (Table 

2.5). A trial conducted over 15 years, where 41836 post-menopausal women were followed, 

reported that consumption of coffee reduced inflammation and cardiovascular diseases, 

thereby reducing the risk of death (Andersen, Jacobs Jr, Carlsen, & Blomhoff, 2006). In some 

cross-section surveys, participants were asked to fill a food-frequency questionnaire (FFQ) 

and blood samples were analysed to see the effect on inflammatory cytokines. These studies 

showed that coffee consumption (≥1 cup per day) reduced IL-6 and TNF-α in participant‘s 

serum (Lopez-Garcia et al., 2006; Yamashita et al., 2012; Zampelas et al., 2004). Kempf et 

al. (2010) conducted a single-blind study where participants were asked to consume 4 cups of 

coffee per day for the 1
st
 month and 8 cups per day for the 2

nd
 month and reported that coffee 

consumption could significantly reduce IL-8 in serum. Based on information search, there is 

no published clinical trial where the amount of CGA in coffee was quantified during 

administration in human.    
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Table 2.5: Pre-clinical and clinical studies showing the anti-inflammatory effects of 

chlorogenic acid (CGA). 

Researcher(s) 

(reference) 

Experiment Design Dose and 

Duration 

Key Observations Mechanism 

Purposed/ Comment 

(if any) 

In vitro studies 

Krakauer (2002) SEB (150 ng/ml) 

induced inflammation 

in human peripheral 

blood mononuclear 

cells (PBMC) 

0.2-200 

µg/ml for 

16 h  

Decrease the production 

of IL-1β, TNF-α, IL-6, 

IFNγ, MCP-1, MIP-1α 

and MIP-1β  

 

 

 

Zhao, Shin, 

Satsu, Totsuka, 

and Shimizu 

(2008) 

LPS (2mM) induced 

inflammation in Caco-2 

(human epithelial cells) 

cell line 

 

0.25-2 

mM/l for 

48 h  

Decrease in IL-8 

secretion and mRNA  

expression 

 

Shan et al. 

(2009) 

LPS (100 ng/ml) 

induced inflammation 

in  RAW 264.7 (mouse 

monocyte) cells 

12.5, 25.0 

and 37.5 

µg/ml for 2 

h 

Decrease in COX-2 and 

PGE2 secretion and 

expression 

No effect on iNOS and 

NO  

 

CGA suppress NF-κB 

and JNK/AP-1 

signaling pathway  

Qin et al. (2010) Anti-DNP IgE (100 

ng/ml) treated RBL-

2H3 (rat basophil) cell 

lines 

 

2.5-10 

µg/ml for 

30 min 

Decrease in histamine 

and TNF-α release  

Increase in cAMP  

 

Shen et al. 

(2012) 

LPS (500 ng/ml) 

induced inflammation 

in mice microglia  

1-4 mM for 

2 h 

Decrease in NO and 

TNF-α production 

CGA inhibit IκBα 

degradation hence 

suppress NF-κB 

activation pathway 

 

Hwang et al. 

(2014) 

LPS (1 µg/ml) induced 

inflammation in  RAW 

264.7 and BV2 (mouse 

murine microglial) 

cells 

 

5-20 µM 

for 24 h 

Decrease in NO, COX-

2, iNOS, TNF-α, IL-1β, 

and IL-6   

CGA suppress NF-κB 

signaling pathway 

Chen and Wu 

(2014) 

IL-1β (10 ng/ml) 

induced inflammation 

in human 

chondrocytes 

 

5-20 µM 

for 1 h 

Decrease in PGE2, NO, 

iNOS and COX-2  

 

Shin et al. 

(2015) 

TNF-α (10 ng/ml) and 

H2O2 (2 mM) induced 

inflammation in Caco-

2 cells 

 

0.5-2 mM/l 

for 3 h 

Decrease in IL-8 

secretion  

 

Guo et al. 

(2015) 

HSV-1 induced 

response in BV2 cells 

25-100 

ng/ml for 

24 h 

Decrease in TNF-α and 

IL-6 secretion and 

mRNA expression 

CGA suppress NF-

κBp65 pathway 
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Palócz et al. 

(2016) 

LPS (10 µg/ml) 

induced inflammation 

in porcine intestinal 

epithelial cell line 

(IPEC-J2)  

 

25-50 µM 

for  6-24 h 

Lower IL-6, IL-8, TNF-

α, COX-2 and ROS 

 

Han et al. 

(2017) 

H2O2 (400 µM) 

induced oxidative 

stress in MC3T3-E1 

(mouse preosteoblast) 

cell line 

 

25-100 µM 

for  1-6 h 

Decrease ROS, NO and 

apoptosis  

Upregulate Nrf2 

pathway 

 

Liang and Kitts 

(2018) 

PMA (0.1 µg/µl)-IFNγ 

(8000 U/ml) induced 

oxidative stress in 

Caco-2 cell line 

 

0.2-2 mM 

for 24 h 

Decrease in ROS and 

IL-8 

 

CGA activate Nrf2 

signaling pathway 

Animal trials 

Zhang et al. 

(2010) 

LPS (0.5 µg/µl) 

induced acute lung 

injury in male ICR 

mice 

 

5-50 mg/kg 

for 3 h 

Decrease in iNOS and 

NO  

 

Chauhan et al. 

(2012) 

LPS (100 µl) induced 

inflammation in left 

knee joint of Wistar 

rats 

 

2.5-40 

mg/kg for 4 

h 

Downregulate TNF-α 

and IL-1β (most 

significant at 40 mg/kg) 

 

Yun et al. 

(2012) 

Hepatic ischemia and 

reperfusion injury in 

male Sprague Dawley 

rats 

 

2.5-10 

mg/kg for 5 

h 

Decrease in TNF-α, 

iNOS, COX-2 and Nrf2  

 

Shen et al. 

(2012) 

LPS (1 µg/µl) induced 

inflammation in 

C57BL/6 mice 

 

100 mg/ml 

per day for 

7 days  

Downregulate TNF-α 

and IL-1β  

 

Shi et al. (2013) CCl4 (3 ml/kg in olive 

oil) induced liver 

fibrosis in male 

Sprague Dawley rats 

 

60 mg/kg 

twice 

weekly for 

8 weeks 

Downregulate iNOS, 

COX-2, TNF-α, IL-6 

and IL-1β    

CGA suppress NF-κB 

pathway 

Shin et al. 

(2015) 

DSS (3 %) induced 

colitis in female 

C57BL/6 mice   

1 mM per 

day for 15 

days 

Decrease in mRNA 

expression of MCP-1 

and IL-1β 

No significant change in 

TNF-α 

 

 

Zheng et al. 

(2015) 

Acetaminophen (400 

mg/kg) induced 

hepatotoxicity in mice 

 

10-40 

mg/kg for 4 

h 

Decrease in mRNA 

level of TNF-α, IL-6, 

IL-1β and MCP-1 

CGA suppress 

IκB/p65-NF-κB 

activation pathway 
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Bagdas et al. 

(2015) 

Wounded male 

diabetic Sprague 

Dawley rats 

50 mg/kg 

per day for 

15 days 

Decrease in NO 

No effect on SOD 

enzyme 

 

Side effect: 

cyto/genotoxicity was 

observed 

Zatorski et al. 

(2015) 

TNBS (4 mg) induced 

colitis in male balbC 

mice 

20 mg/kg 

twice a day 

for 3-6 

days 

 

Decrease in MPO and 

H2O2 

CGA inhibit NF-κB 

dependent pathways 

Zheng et al. 

(2016) 

Monocrotaline (90 

mg/kg) induced 

sinusoidal obstruction 

syndrome in male 

Sprague Dawley rats 

 

20 mg/kg 

every day 

for 6 days 

Decrease MPO, TNF-α 

and IL-1β 

CGA downregulate 

MAPK/ NF-κB 

pathway   

 

Ali et al. (2017) MTX (20 mg/kg) 

induced hepatotoxicity 

in male Wistar rats 

 

50 and 100 

mg/kg for 

20 days  

Inhibition of COX-2, 

iNOS, Bax, Bcl-2 and 

apoptosis 

 

Ohkawara, 

Takeda, and 

Nishihira (2017) 

Arginine (5 g/kg) 

induced pancreatitis in 

male C57B6 mice 

 

20 and 40 

mg/kg for 1 

h 

Decrease in IL-6, MIP-2 

and MIF after 72 h 

 

Shi et al. (2018) CCl4 (3 ml/kg in olive 

oil) induced liver 

fibrosis in male 

Sprague Dawley rats 

15, 30 and 

60 mg/kg 

per day for 

7 days 

Decrease in serum level 

and mRNA expression 

of TNF-α, IL-6 and IL-

1β 

Increase SOD enzyme 

 

 

Bao et al. (2018) STZ (35 mg/kg) 

induce type 2 diabetes 

in male Sprague-

Dawley rats 

 

10 mg/kg 

per day for 

8 weeks 

Downregulate IL-6, 

TNF-α and IL-1β 

production  

CGA suppress Nrf2-

NF-κB pathway   

Chen et al. 

(2018a) 

Spinal cord injury in 

female Wistar rats 

10-100 

mg/ml once  

three days 

for 3 weeks 

 

Concentration 

dependent decrease in 

TNF-α, IL-6, IL-1β, 

iNOS and COX-2 

 

CGA suppress p38 and 

NF-κB activation 

pathway 

Chen et al. 

(2018b) 

Duroc × Landrace × 

Yorkshire weaned pigs 

1000 mg/kg 

per day for 

14 days 

Decrease in serum level 

of TNF-α, IL-6 and IL-

1β  

No significant 

difference in IL-10 

production 

 

CGA suppress NF-κB 

pathway   

Clinical trials 

Zampelas, 

Panagiotakos, 

Pitsavos, 

Chrysohoou, 

Cross-sectional survey 

using FFQ  

Most of the 

participants 

consumed ≥1 

cup per day  

Men and women 

drinking ≥200 ml coffee 

per day have high IL-6 

and TNF-α serum level 
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and Stefanadis 

(2004) 

 

 

Lopez-Garcia, 

van Dam, Qi, 

and Hu (2006) 

Cross-sectional survey 

using FFQ  

Most of the 

participants 

consumed 

≥1 cup per 

day 

 

Decrease in TNF 

receptor in serum of 

healthy women  

 

Kempf et al. 

(2010) 

Single blind, 3-stage 

clinical trial (n=47) 

4 cups per 

day of coffee 

for 1
st
 month 

and 8 cups 

per day for 

2
nd

 month 

(150 ml/cup) 

 

Decrease in IL-18 serum 

level 

No change in IL-6, IL-1 

and MIF levels 

No quantification 

/analysis of CGA 

composition in coffee 

Yamashita et al. 

(2012) 

Cross-sectional survey 0-4 cups per 

day 

Decrease in IL-6 and 

TNF-α serum level 

 

SEB: staphylococcal exotoxins B; IL: interleukin; TNF-α: tumour necrosis factor alpha; IFNγ: 

interferon γ; MCP-1: monocyte chemoattractant protein-1; MIP: macrophage inflammatory protein; 

LPS: lipopolysaccharide; COX-2: cyclooxygenase-2; PGE2: prostaglandin E2; iNOS: inducible nitric 

oxide synthases; NO: nitric oxide; NF-κB: nuclear transcription factor kappa-B; JNK: c-jun N-

terminal kinase; AP-1: activating-protein-1; cAMP: cyclic adenosine monophosphate; DNP: 

dinitrophenyl; IκB: inhibitor κB; H2O2: hydrogen peroxide; HSV: herpes simplex virus; ROS: reactive 

oxygen species; Nrf2: nuclear factor 2-related factor 2; PMA: phorbol 12-myristate 13-acetate; CCl4: 

carbon tetrachloride; DSS: dextran sulphate sodium; SOD: superoxide dismutase; MPO: 

myeloperoxidase; MTX: methotrexate; MIF: macrophage migration inhibitory factor; STZ: 

streptozotocin; FFQ: food-frequency questionnaire 

 

2.5.2.2 Metabolism of chlorogenic acid 

Absorption of CGA starts in the stomach and ends in the intestine. Experiments with rats 

showed that a small amount of CGA is absorbed in the stomach in its intact form (Lafay et 

al., 2006). The remaining part of CGA is hydrolysed to CA and FA in the intestine. The 

esterases enzyme in the mucosa of the small intestine and microbial produced esterases in the 

large intestine initiate the hydrolysis process (Konishi & Kobayashi, 2004). FA and CA are 

absorbed into the cells by diffusion. After absorption metabolites are conjugates with 

glucurnide and sulphate, as in the case of curcumin (Nardini, Cirillo, Natella, & Scaccini, 

2002).  

2.5.2.3 Safety of chlorogenic acid 

An average cup of coffee made using soluble instant coffee powder (2 g per cup) contains 

between 50-150 mg of 5-CQA (Gil & Wianowska, 2017), a dose which has been reported 
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safe for human consumption (Lopez-Garcia et al., 2006; Yamashita et al., 2012; Zampelas et 

al., 2004). In a double-blind, placebo-controlled, randomized clinical trial conducted 14 

subjects suffering from mild hypertension were given drinks containing 140 mg/day of CGA 

for 12 weeks and no adverse health effects were observed (Watanabe et al., 2006). In a recent 

study, green coffee extract (700-1050 mg containing 56.6 % of total CGA) was administered 

daily for 22 weeks to 16 overweight adults and no sign of toxicity was reported (Vinson, 

Burnham, & Nagendran, 2012).  

2.5.3 Lupeol 

Lupeol is also a less studied bioactive compound that has gained researchers interest in the 

last two decades. Lupeol is the key triterpene bioactive compound of the phytosterol family 

(Saleem, 2009). Triterpenes are naturally present in the human diet. Individuals from Western 

countries are reported to consume about 250 mg of triterpene per day whereas those from the 

Mediterranean countries consume 400 mg per kg of body weight per day per person (Moreau, 

Whitaker, & Hicks, 2002). Lupeol is present in fruits such as olives, mango, figs, red grapes, 

guava, melons, mulberries, dates, strawberries and plums, and vegetables such as cabbage, 

pepper, carrot, tomato, cucumber, bitter-root, aloe plant, black tea, pea and soybean (Duke, 

2001; Patil, 2018; Saleem, 2009; Hifzur Rahman Siddique & Mohammad Saleem, 2011; 

Tsai, Lin, & Wu, 2016; A. Wal, Srivastava, Wal, Rai, & Sharma, 2015). Further, lupeol is 

also reported to be present in some medicinal plants like Tamarindus indica, Leptadenia 

hastate, Celastrus paniculatus, Sebastiania adenophora, Zanthoxylum riedelianum, Crataeva 

nurvala, Himatanthus sucuuba, Bombax ceiba, Aegle marmelos and Shea butter plant 

(Saleem, 2009; Wal et al., 2015; Wal, Wal, Sharma, & Rai, 2011).  

Lupeol (C30H50O) is also known as fagarasterol, clerodol, monogynol B and farganasterol, 

(Tsai et al., 2016; Wal et al., 2011). The chemical structure of lupeol is shown in Figure 2.7a. 

It is an element involved in stabilizing plant cell membrane (Liby, Yore, & Sporn, 2007). The 

process of biosynthesis of this simple compound is very complex in the cytosol of plant cells. 

The key steps involved in the mevalonate (MVA) biosynthesis pathway of lupeol are shown 

in Figure 2.7b. In brief, acetyl CoA is converted into 5-carbon molecule isopentenyl 

pyrophosphate (IPP) and its isomer dimethylallyl pyrophosphate (DMAPP). IPP and DMAPP 

are then catalyzed to farnesyl pyrophosphate (FPP) in the presence of farnesyl pyrophosphate 

synthase (FPS). FPP is then transformed into squalene and 2,3-oxidosqualene which is then 

cyclized into lupenyl cation in a chain-chain-chain conformation by oxidosqualene cyclase 
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(OSC). Finally, lupeol is formed by de-protonation of 29-methyl group in presence of lupeol 

synthase (LUS) (Phillips, Rasbery, Bartel, & Matsuda, 2006; Siddique & Saleem, 2011; 

Thimmappa, Geisler, Louveau, O'Maille, & Osbourn, 2014; Tsai et al., 2016).   

 

   
Figure 2.7: (a) Chemical structure of lupeol, and (b) key steps of mevalonate (MVA) 

biosynthesis pathway of lupeol in plant cells. 

ATP: adenosine tri-phosphate; DMAPP: dimethylallyl pyrophosphate; IPP: isopentenyl 

pyrophosphate; FPS: farnesyl pyrophosphate synthase; FPP: farnesyl pyrophosphate; SQS: 

squalene synthase; SQE: squalene epoxidase; OSC: oxidosqualene cyclase; LUS: lupeol 

syhthase. Source: (Siddique & Saleem, 2011) (Reproduced with permission) 
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2.5.3.1 Lupeol and inflammation  

Similar to curcumin and CGA, lupeol also targets multiple molecules and exhibits anti-

inflammatory and anti-oxidant properties. It is evident from the studies (Table 2.6) carried 

out by administrating lupeol that it can downregulate the production of pro-inflammatory 

cytokines like IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-12, and TNF-α or upregulate production 

of anti-inflammatory cytokines like IL-10. It also acts as an anti-oxidant agent thereby 

scavenging free radical species (ROS and RNS). Furthermore, lupeol can inhibit the 

expression and production of COX-2, iNOS and SOD enzymes and downregulate the 

activation of NF-κB, Nrf2, Akt, p38, MAPK and JNK signalling pathway.  

Evidence for the anti-inflammatory properties of lupeol 

In vitro and animal trials demonstrating the anti-inflammatory effects of lupeol are 

summarised in Table 2.6. In the early studies lupeol containing plant extract was used and in 

some of the studies lupeol concentration was not quantified (Arciniegas, Apan, P rez-

Castorena, & de Vivar, 2004; Ashalatha et al., 2010; A. Fernández,  lvarez, Garc  a, & 

Sáenz, 2001; Geetha & Varalakshmi, 1999; Lambertini et al., 2005; Lima, Perazzo, Carvalho, 

& Bastos, 2007; Nguemfo et al., 2009; Sudhahar, Kumar, Varalakshmi, & Sujatha, 2008). 

Therefore the observed effect may not only be attributed to lupeol due to the presence of 

other compounds in the extract. To best of our knowledge, there is no published clinical trial 

supporting the anti-inflammatory effects of lupeol administered in human.  

Evidence for in vitro studies 

Effects of lupeol on inflammation mediators are studied in both animal and human cell lines. 

Administration of lupeol with LPS infected human intestinal epithelial cells (IECs) COLO 

205 and murine macrophages RAW 264.7 cells downregulated IL-6, IL-8, IL-12 and TNF-α 

secretion by blocking NF-κB signaling pathway via suppressing IκBα phosphorylation  (Lee 

et al., 2016). A similar decrease in pro-inflammatory cytokines was observed on treating 

CD14+ (monocytes) cells with lupeol (Zhu et al., 2016). The authors further reported that 

lupeol can shift the differentiation of CD14+ monocytes from pro-inflammatory M1 

macrophages to anti-inflammatory M2 macrophages. On the contrary, lupeol was not 

effective in reducing IL-6 expression in human umbilical vein endothelial cells (HUVECs) 

and KKU-M213 cholangiocarcinoma (CCA) cells (Kangsamaksin et al., 2017). Lupeol also  
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 Table 2.6: Pre-clinical and clinical studies showing the anti-inflammatory effects of lupeol. 

Researcher(s) 

(reference) 

Experiment Design Dose and 

Duration 

Key Observations Mechanism 

Purposed/ Comment 

(if any) 

In vitro studies 

Kumari and 

Kakkar (2012b) 

Acetaminophen (675 

μM) induced 

hepatotoxicity in rat 

hepatocytes 

10 μM for 

1.5 h 

Decrease in ROS and 

increase in activation of 

SOD enzyme 

Upregulate Bcl-2 and 

downregulate Bax 

 

 

Chairez-Ramirez 

et al. (2015) 

TNF-α (10 ng/mL) 

treated Caco-2 (human 

epithelial cells) cells  

5, 10, and 

20 mM for 

24 h 

Decrease in NF-κB  in 

cytosol and nucleus of 

the cells  

 

Lupeol inhibits NF-κB 

signaling pathway 

Lee et al. (2016) LPS (10 μg/ml) treated 

human intestinal 

epithelial cells (IECs) 

COLO 205 and the 

RAW 264.7 (murine 

macrophages) cell 

lines 

 

10, 50 and 

100 μM/ml 

for 24 h  

Decrease in IL-6, IL-8, 

IL-12 and TNF-α 

Lupeol blocks the NF-

κB signaling pathway 

by blocking IκBα 

phosphorylation 

Srivastava et al. 

(2016) 

Mancozeb (5 μg/ml) 

induced genotoxicity 

and apoptosis in 

cultured human 

lymphocytes 

25 and 50 

μg/ml for 

24 h 

Increase in SOD and 

catalase enzyme and 

decreased ROS 

generation 

Upregulate Bcl-2 and 

downregulate Bax and 

COX-2 

 

Lupeol attenuated NF- 

κB activation 

Zhu et al. (2016) LPS (1 ng/ml) and 

IFN-γ (20 ng/ml) 

treated CD14
+
 

(monocytes) cells  

0.01-10 μM 

for 24 h 

Decrease in IL-12, IL-6, 

IL-1β and TNF-α 

Increase in IL-10 

Shift in pro-

inflammatory M1 

macrophages to anti-

inflammatory 

M2 macrophages 

 

Kangsamaksin et 

al. (2017) 

Human umbilical vein 

endothelial cells 

(HUVECs) and KKU-

M213 

cholangiocarcinoma 

(CCA) cell lines 

 

1 and 5 μM 

for 48 h 

Reduce mRNA level of 

TNF-α  

No effect on IL-6 level 

 

Guo et al. (2018) High glucose (100 

mM) induced 

apoptosis in rabbit 

nucleus pulposus cells 

30-70 

μg/mL for 

24 h 

Decrease in level of 

ROS, Bax and 

cytochrome C 

Upregulate Bcl-2 

expression 
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Pereira Beserra 

et al. (2018) 

Human primary 

epidermal 

keratinocytes and 

dermal fibroblasts cell 

lines 

 

0.1-20 

μg/mL for 

24  h 

Increase in MMP-2 

level 

Activation of Akt and 

p38 signaling proteins 

Lupeol inhibits NF-κB 

signaling pathway 

Animal trials 

Saleem, Afaq, 

Adhami, and 

Mukhtar (2004) 

TPA (3.2 nmol/ 0.4 ml 

acetone/animal) 

promoted skin tumor 

in female CD-1 mice 

1 or 2 mg/ 

0.2 ml 

acetone for 

6-48 h 

Decrease in COX-2 and 

NOS enzyme 

Downregulate activation 

of PI3K, Akt signaling 

and degradation and 

phosphorylation of IκBα  

 

Lupeol inhibits NF-κB 

signaling pathway 

Vasconcelos et 

al. (2008) 

Chicken egg 

ovalbumin (10 μg) 

induced inflammation 

in male BALB/c mice 

 

60 mg/kg 

per day for 

5 days 

Downregulate IL-4, IL-

5 and IL-13 

 

Ahmad, Pandey, 

Kour, and Bani 

(2010) 

Saline containing 

1 % carrageenan (0.1 

mL) administrated in 

male Swiss albino 

mice  

 

25-200 

mg/kg for 

24 h 

Downregulate IL-2, 

TNF-α and IFNγ 

No significant effect on 

IL-4 and IL-5 

 

Lucetti, Lucetti, 

Bandeira, Veras, 

Silva, Leal, 

Lopes, Alves, 

Silva, and Brito 

(2010) 

 

Carrageenan (50 μL of 

1 %) induced paw 

edema in male Swiss 

mice 

 

10-50 

mg/kg for 5 

h  

Decrease in iNOS and 

TNF-α expression 

 

Kumari and 

Kakkar (2012a) 

Acetaminophen (1 

g/kg) induced 

hepatotoxicity in 

Wistar rats 

150 mg/kg 

per day for 

30 days 

Decrease in ROS and 

activation of SOD 

enzyme 

Upregulate Bcl-2 and 

downregulate Bax 

 

 

Kim et al. (2015) Cerulean (50 μg/kg) 

induced acute  

C57BL/6 mice 

10-50 

mg/kg for 7 

h 

Inhibit IL-1β, IL-6 and 

TNF-α expression and 

secretion 

Decrease in MPO 

activity 

 

 

Prabhu, 

Balakrishnan, 

and Sundaresan 

(2016) 

BBN (150 mg) 

induced bladder 

carcinogenesis in male 

albino Wistar rats 

 

50 mg/kg 

per day for 

28 weeks 

Inhibit COX-2 enzyme Lupeol suppress Nrf2- 

NF-κB signaling 

pathway 

Badshah et al. 

(2016) 

LPS (250 μg/kg) 

induced neuro-

50 mg/kg  

per day for 

Downregulate TNF-α, 

iNOS and IL-1β 

Lupeol inhibits p38- 

MAPK and JNK 
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inflammation 

in the cortex and 

hippocampus of adult 

C657LB male mice 

 

7 days signaling pathways 

Singh, Arora, 

and Shukla 

(2017) 

Benzo[a]pyrene (5 

mg/animal) treated 

male Swiss albino 

mice 

500 mM/ 

0.2 ml 

acetone 

twice or 

thrice a 

week for 32 

weeks 

 

Decrease in ROS  

Kasinathan et al. 

(2018) 

DSS (2 % w/v) 

induced colitis in male 

Swiss albino mice 

1 mg/25 g 

of animal 

for 14 days 

Downregulate TNF-α, 

IL-1 and IL-2 

Lupeol inhibits NF-κB 

signaling pathway 

ROS: reactive oxygen species; SOD: superoxide dismutase; TNF-α: tumour necrosis factor alpha; NF-

κB: nuclear transcription factor kappa-B; LPS: lipopolysaccharide; IL: interleukin; IκB: inhibitor κB; 

COX-2: cyclooxygenase-2; IFNγ: interferon γ; mRNA: messenger ribonucleic acid; MMP: matrix 

metalloproteinase; TPA: 12-Otetradecanoyl-phorbol-13-acetate; iNOS: inducible nitric oxide 

synthases; PI3K: phosphatidyl inositol 3-kinase; MPO: myeloperoxidase; BBN: N-Butyl-N-(4-

hydroxybutyl) nitrosamine; Nrf2: nuclear factor 2-related factor; MAPK: mitogen-activated protein 

kinase; JNK: c-Jun N-terminal kinase; DSS: dextran sodium sulphate 

 

reduced ROS and COX-2 and increased the activity of SOD enzyme in mancozeb infected 

human lymphocytes by attenuating NF- κB activation (Srivastava, Mishra, Ali, & Shukla, 

2016). 

Evidence for animal studies 

Lupeol was first reported by Geetha and Varalakshmi (1999) to be effective in reducing 

arthritis inflammation in a mouse model by generating inflammatory factors and modulating 

the immune system. Fernández, de las Heras, Garcia, Sáenz, and Villar (2001)  applied 0.5 

and 1 mg of lupeol on each ear in 12-o-tetradecanoyl-phorbol acetate (TPA) induced 

inflammation in an ear mouse model and reported a decrease in MPO activity thereby 

reducing cell infiltration at the inflammation site. Treatment of dextran sodium sulphate 

(DSS) infected male Swiss albino mice with 1 mg of lupeol per 25 g of body weight for 14 

days downregulated TNF-α, IL-1 and IL-2 via supressing of NF-κB activation pathway 

(Kasinathan et al., 2018). However, lupeol (25-200 mg/kg) was not effective in reducing IL-4 

and IL-5 levels in carrageenan stimulated male Swiss albino mice (Ahmad et al., 2010). 

Lupeol can also inhibit several enzymes like COX-2 and iNOS. Administration of 50 

mg/kg/day of lupeol for 7 days downregulated iNOS production in LPS induced neuro-
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inflammation in the cortex and hippocampus of adult C657LB male mice by inhibiting p38- 

MAPK and JNK signalling pathways (Badshah et al., 2016). Lupeol (50 mg/kg/day for 28 

weeks) could also inhibit Nrf2-NF-κB activation pathway thereby downregulating COX-2 

enzyme in N-Butyl-N-(4-hydroxybutyl) nitrosamine (BBN, 150 mg) induced bladder 

carcinogenesis in Wistar rats (Prabhu et al., 2016).            

2.5.3.2 Safety of lupeol 

The safety of lupeol has been studied in many animal models including rats, mice and dogs. 

Lupeol administered at doses ranging from 25-2000 mg/kg body weight for a period of 1 day 

to 180 days did not result in any signs of mortality or systematic toxicity (Al Rehaily, El 

Tahir, Mossa, & Rafatullah, 2001; Bani et al., 2006; Hata et al., 2010; Preetha, Kanniappan, 

Selvakumar, Nagaraj, & Varalakshmi, 2006; Saleem et al., 2004; Sunitha, Nagaraj, & 

Varalakshmi, 2001; Vidya, Lenin, & Varalakshmi, 2002; You, Nam, Kim, Bae, & Ahn, 2003; 

Yokoe et al., 2015).  

2.6 Delivery of bioactive compounds via food matrices 

Traditionally, bioactive compounds were available in the human diet from their native food 

matrices. However, were only limited to their source of production. Hippocrates, the father of 

Western medicine stated that “Let food be thy medicine and medicine be thy food”. In today‘s 

world, with the discovery of enormous therapeutic benefits associated with consumption of 

the bioactive compounds has increased the acceptance of Hippocrates‘s belief which has 

resulted in the global availability of these compounds (Chen, McClements, & Decker, 2013). 

In 2012, turmeric and/or curcumin supplements were amongst the top 10 bestselling 

supplements in the USA, accounting for $100 million sales which further increased to about 

$200 million by 2015 (Cassandra, 2016; Kumar, 2016). However, bioactive compounds are 

now more available as dietary supplements (i.e. in the form of capsules and powders) and are 

less consumed in their native food matrix. One reason for this shift in the way of 

consumption may be the changing food habits of people.    

Bioactive compounds such as curcumin, CGA and lupeol are poorly soluble in water and 

hence have low bioavailability following consumption. Therefore, the dose absorbed may not 

be sufficient in providing the desired health benefits. In recent studies, the effect of different 

types of food matrices on the bioavailability of bioactive compounds is being analysed. 
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Carotenoids are lipophilic compounds, when delivered through milk and fruit juice mixed 

drink were more bioaccessible in an in vitro model on comparison with fruit juice mixed in 

water or soymilk (Rodríguez-Roque et al., 2016). The influence of the food vehicle on 

bioaccessibility of vitamin C, polyphenols and carotenoids has been also reported by 

Rodríguez-Roque et al. (2015), Rodríguez-Roque, Rojas-Graü, Elez-Martínez, and Martín-

Belloso (2014a), and Rodríguez-Roque, Rojas-Graü, Elez-Martínez, and Martín-Belloso 

(2014b). In another study by Zou, Liu, Liu, Xiao, and McClements (2015), curcumin powder 

delivered by mixing in an oil-in-water emulsion was reported to increase in bioaccessibility 

in a simulated gastrointestinal tract model.   

Milk and milk products can be an effective vehicle for delivery of hydrophobic bioactive 

compounds as the lipid constituents of the milk may stabilise bioactive compounds and 

enhance absorption and bioavailability of functional ingredients (Jakobek, 2015). Duarte and 

Farah (2011) studied the effect of milk on the bioavailability of CGA from coffee by testing 

the urine sample of 5 subjects for 24 h. The authors reported that subjects consuming coffee 

in milk had less CGA in urine than subjects consuming coffee in water.  

Yogurt is a fermented milk product, highly popular across the globe and a good carrier for 

beneficial probiotics and prebiotics, could be used for the delivery of bioactive compounds 

(Allgeyer, Miller, & Lee, 2010; Ejtahed et al., 2011; Weerathilake, Rasika, Ruwanmali, & 

Munasinghe, 2014). During the fermentation process, the pH of milk is reduced to 4.5-4.6 by 

the action of starter microorganisms on milk sugar (lactose) to produce lactic acid (Aguirre-

Ezkauriatza et al., 2008; De Brabandere & De Baerdemaeker, 1999; Fazilah et al., 2018). The 

acidic environment in yogurt enhances the stability of compounds (such as curcumin, CGA 

and lupeol) making them more bioavailable for absorption in the human body. A study by Fu 

et al. (2016) showed that curcuminoids (0.3 % w/w) delivered through buttermilk yogurt 

were 15 times more bioaccessible than curcuminoids in aqueous dispersion. Furthermore, 

curcuminoids also increased the viscosity of yogurt during storage and reduced syneresis 

hence positively influencing the sensory attributes. Thus, yogurt is a promising potential 

vehicle for delivery of bioactive compounds as it is commercially feasible, acceptable to 

consumers and improves the functionality of ingredients.   
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CHAPTER 3 
Research Methodology 

 

3.1 Introduction 

The study aimed at developing a coconut yogurt as a delivery vehicle for two characterised 

anti-inflammatory bioactive compounds. This chapter describes the experimental design used 

to achieve the desired aim. The research methodology was divided into two parts. In part 1, 

the effect of bioactive compounds on inflammatory biomarkers was studied using an in vitro 

model. In part 2, coconut yogurt fortified with bioactive compounds was developed and its 

physiochemical, microbiological and sensory stability were analysed over 15 days during 

storage at 4±1ºC. All the chemicals used in this study were of reagent grade or high and were 

used without any further purification. The ingredients used for the preparation of yogurt were 

food grade.        

3.2 Part 1: In vitro studies  

Human THP-1 cells were used to investigate the effect of bioactive compounds on reducing 

the production of TNF-α. THP-1 cells were differentiated using PMA for 72 h followed by 

incubation with the bioactive compounds. Cells were pre-treated with 1-25 µM of curcumin, 

lupeol and CGA for 1 h and inflammation was induced by adding LPS to the medium 

containing the bioactive compound. Cells were also treated with several combinations of 

curcumin + lupeol and, curcumin + CGA. The level of TNF-α was measured using ELISA 

and cell viability was measured using MTT assay. Lastly, the effect of the most promising 

combination of bioactive compounds on the mRNA expression of various pro and anti-

inflammatory biomarkers was studied using qRT-PCR.  

3.2.1 Cell line 

THP-1 cells (ATCC
®

; American Tissue Culture Collection, TIB-202, isolated from the 

peripheral blood of a 1-year-old human male infant with acute monocytic leukaemia) with 

passage number 4 were provided by Dr Fran Wolber, Massey University, Palmerston North, 

New Zealand (NZ).    
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3.2.2 Medium and solutions  

3.2.2.1 Cell work 

 Complete RPMI cell culture medium 

Complete RPMI 1640 cell culture medium was prepared by aseptically supplementing 

Gibco
TM

 RPMI 1640 (GlutaMAX™ supplement, HEPES, catalogue number 72400120, 

ThermoFisher Scientific
TM

, NZ) with 10 % Fetal Bovine Serum (FBS, catalogue number 

MG-FBS0820, MediRay, NZ) and 1 % antibiotic solution of Penicillin and Streptomycin 

(catalogue number 15070063, ThermoFisher Scientific
TM

, NZ). The prepared medium was 

stored at 4ºC (Small, Lansdown, Al-Baghdadi, Quach, & Ferrante, 2018).  

Phorbol 12-myristate 13-acetate (PMA) stock solution  

A stock solution of 1 mM was prepared by dissolving 1 mg of PMA (catalogue number 

P1585, Sigma-Aldrich
®
, NZ) in 1.62 ml of dimethyl sulfoxide (DMSO, catalogue number 

D4540, Sigma-Aldrich
®
, NZ) and stored at -20ºC until required for use. The working solution 

of 400 nM was prepared by diluting 20 µl of stock solution in 50 ml of complete RPMI 

medium. The working solution was syringe-filtered (0.2 µm, catalogue number 4906, 

Acrodisc
®
) before use.  

Lipopolysaccharide (LPS) stock solution 

The LPS stock solution (0.1 mg/ml) was prepared by diluting 1 part of LPS (1 mg/ml, from 

Escherichia coli O111:B4, catalogue number L5293, Sigma-Aldrich
®
, NZ) in 9 parts of 

complete RPMI medium and stored at 4ºC until required for use.  

3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide (MTT) stock solution 

MTT stock solution was prepared by dissolving 5 mg of the dye (catalogue number M5655, 

Sigma-Aldrich
®
, NZ) in 1 ml of phenol free Gibco

TM
 RPMI 1640. The solution was syringe 

filtered (0.2 µm) and stored at 4ºC until used. The working solution was prepared by ten-fold 

dilution of MTT stock solution in phenol free Gibco
TM

 RPMI 1640.  

Acidified isopropanol 

To prepare 200 ml of acidified isopropanol, 785 µl of 32 % HCl (catalogue number 1789, 

Unilab, NZ) was mixed in 199 ml of absolute isopropanol (≥95.0%, catalogue number 1274, 

Unilab, NZ) and stored at room temperature.   
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 3.2.2.2 Preparation of bioactive compounds  

Curcumin stock solution  

A 20 mM stock solution was prepared by dissolving 10 mg of curcumin (catalogue number 

08511, Sigma-Aldrich
®
, NZ) in 1.36 ml of DMSO and stored at -80ºC until required for use. 

Chlorogenic acid (CGA) stock solution  

A 50 mM stock solution was prepared by dissolving 25 mg of CGA (catalogue number 

500590, Sigma-Aldrich
®
, NZ) in 1.41 ml of DMSO and stored at -80ºC until required for use.   

Lupeol stock solution  

To prepare 10 mM stock solution, 10 mg of lupeol (catalogue number 18692, Sigma-

Aldrich
®
, NZ) was dissolved in 1.172 ml of DMSO and 1.172 ml of ethanol (96 %). The 

stock solution was stored as 100 µl aliquote at -80ºC until required for use.   

3.2.2.3 Enzyme-linked immunosorbent assay (ELISA) 

All the buffers, reagents and standard for ELISA were prepared according to the 

manufacturer‘s instructions (TNF-α ELISA MAX
TM

 Deluxe Set Kit BioLegend®, USA).  

Phosphate buffer saline (PBS) 

PBS was prepared by dissolving 8 g sodium chloride (NaCl), 0.2 g potassium chloride (KCl), 

2.68 g disodium hydrogen phosphate (Na2HPO4) and 0.24 g potassium dihydrogen phosphate 

(KH2PO4) in 800 ml milli-Q water and the pH was adjusted to 7.4 using 0.1 M HCl. After 

adjusting the pH to 7.4, the final volume was made up to 1 L. 

 Wash Buffer 

Wash buffer or Tween PBS (0.1 % v/v) was prepared by diluting 1 ml of Tween 20 

(catalogue number AJA2510, ThermoFisher Scientific
TM

, NZ) in 1 L of PBS buffer.   

Stop Buffer 

Stop buffer (2 N H2SO4) was prepared by mixing 5.5 ml of 98 % H2SO4 (Unilab, NZ) in 94.5 

ml of milli-Q water.  

Coating buffer (1x) 

1x coating buffer was prepared by diluting 2 ml of 5x stock in 8 ml of milli-Q water. 
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Capture antibody solution 

1x capture antibody solution was prepared by mixing 50 µl of 200x stock solution in 9.950 

ml of 1x coating buffer. 

Assay diluent A  

1x assay diluent A was prepared by mixing 12 ml of 5x assay buffer in 48 ml of milli-Q 

water. 

Detection antibody solution  

1x detection antibody solution was prepared by mixing 50 µl of 200x stock solution in 9.950 

ml of 1x assay diluent A. 

Avidin-horseradish peroxidase (Avidin-HRP) solution  

Avidin-HRP solution was prepared by diluting 10 µl of 1000x stock solution in 9.990 ml of 

1x assay diluent A. 

Reconstitution of standards for ELISA  

TNF-α standard (50 ng/ml) was prepared by reconstituting 10 ng of lyophilized Human TNF-

α in 0.2 ml of 1x assay diluent A. 10 µl of this stock was diluted in 990 µl of 1x assay diluent 

A to obtain the highest concentration of 500 pg/ml. Using 500 pg/ml standard, six two-fold 

dilutions were prepared in 1x assay diluent A to obtain a series of standards ranging from 

500-7.8 pg/ml. 1x assay diluent A served as the blank. 

3.2.2.4 Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) 

All the buffers and reagents used in qRT-PCR were supplied in the kits provided by the 

manufacturer. The necessary dilutions were prepared in Diethyl-pyrocarbonate (DEPC) 

treated water.  

DEPC treated water 

DEPC water (0.1 %, v/v) was prepared by dissolving 1 ml of DEPC (catalogue number 

D5758, Sigma-Aldrich
®
, NZ) in 1 L of milli-Q water. The solution was left at room 

temperature for 2 h followed by 15 min autoclaving to remove the traces of DEPC.   
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Primer mix 

Primers were reconstituted in mili-Q water, as per the manufacturer‘s instructions, to make a 

stock of 200 µM. Primer mix was prepared by further diluting the stock, such that a 

concentration of 10 µM for forward and reverse primer was achieved.   

3.2.3 Methods for in vitro studies 

3.2.3.1 Culturing of THP-1 cells 

On receipt of the Falcon tube containing THP-1 cells, it was centrifuged (Megafuge 1.0R, 

ThermoFisher Scientific
TM

, NZ) at 136 relative centrifugal force (rcf) for 3 min at 25ºC. The 

supernatant was discarded and the cells were re-suspended in 20 ml of fresh complete RPMI 

medium. The cells were then transferred into a T75 flask and incubated at 37ºC under 5 % 

carbon dioxide (CO2) in a humidified incubator (Mitre 4000 series, Contherm
TM

, NZ). The 

growth of cells was regularly monitored by viewing under an inverted phase-contrast 

microscope (CKX31, Olympus
TM

, Japan). The cells were sub-cultured every 2-3 days with 

the dilution factor depending on the concentration of the cells (Wang et al., 2013).    

3.2.3.2 Differentiation of THP-1 Cells 

Before initiating the differentiation, cell viability was determined using the trypan blue 

exclusion method. Equal volumes of cell containing medium and trypan blue (0.4 %, 

catalogue number 93595, Sigma-Aldrich
®
, NZ) were mixed in an Eppendorf tube and left at 

room temperature for approximately 2-3 minutes. Trypan blue can penetrate in the dead cells 

and are thus stained blue while viable cells remain unstained (Louis & Siegel, 2011; Strober, 

1997). About 10-15 µl of the mixture was loaded on the haemocytometer and analysed under 

an inverted microscope. A detailed protocol for counting the cells is given in Appendix 2. 

The concentration of cells in the medium was calculated using equation (1). 

Viable cells/ml = Average number of cells × Dilution factor × 10
4
 …………..…(1) 

THP-1 monocyte cells at a density of 0.25 × 10
6
 cells/ml were seeded in a 6-well plate (2 

ml/well) and differentiation was induced by adding 2 ml of PMA solution such that the final 

concentration of 5-200 nM PMA was achieved in each well. Plates were left undisturbed for 

3 days at 37ºC under 5 % CO2 in a humidified incubator (Daigneault, Preston, Marriott, 

Whyte, & Dockrell, 2010; Parthiban, Jaiganesh, Aruni, Meignanalakshmi, & Ramadass, 

2007; Small et al., 2018). After incubation, THP-1 cells stick to the cell surface and the 
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medium containing PMA was discarded, followed by washing the cells with fresh complete 

RPMI medium. Prior to further treatment, cells were allowed to rest in 2 ml of complete 

RPMI medium for about 1 h.  

3.2.3.3 Treatment of THP-1 cells with bioactive compounds and LPS 

The differentiated THP-1 cells were treated with curcumin, lupeol and CGA (individually 

and combined) at a concentration ranging from 1-25 µM. The stock solutions of bioactive 

compounds were diluted in complete RPMI medium to achieve the different concentrations. 

The cells were also treated with varying concentrations of solvents used for dissolving the 

bioactive compounds i.e. DMSO (0.001-0.2 %) and DMSO + ethanol (0.01-0.2 % each). The 

concentration range of solvents corresponds to their amount in diluted solutions of bioactive 

compounds. The cells that were rested in the incubator following differentiation were 

removed after 1 h and the medium was discarded. 2 ml of complete RPMI medium 

containing an appropriate amount of the bioactive compounds (individually and combined) or 

solvent was added to each well and incubated for 1 h at 37ºC under 5 % CO2.  After 

incubation, cells were treated with LPS (5-200 ng/ml). LPS was added to the wells containing 

cells with bioactive compounds in complete RPMI medium and the plate was further 

incubated for 0.5-6 h at 37ºC under 5 % CO2. At the end of the incubation period, the 

supernatant was collected and stored at -80°C until required for TNF-α quantification by 

ELISA and the cells were immediately utilised to assess the cytotoxicity via MTT assay or to 

perform qRT-PCR.    

3.2.3.4 MTT assay 

The cells after treatment with bioactive compounds and LPS were washed with 2 ml of 

phenol red free RPMI medium. After washing, 2 ml of MTT working solution (0.5 mg/ml) 

was added to the cells in each well of the 6-well plate and incubated at 37ºC under 5 % CO2 

for 2 h. The cells treated with LPS alone (i.e. without bioactive compounds) served as the 

negative control and the well without cells as the blank. Following incubation, the MTT dye 

was removed and the violet crystals formed by the reduction of MTT to formazan in the cells 

(Popovich & Kitts, 2002; van Meerloo, Kaspers, & Cloos, 2011) were solubilized by adding 

1 ml acidified isopropanol. The plate was wrapped in aluminium foil and placed on an orbital 

shaker (Bellco Glass Inc., New Jersey, USA) for 20 min to completely solubilize the 

formazan. The content from each well was collected in a 1.5 ml Eppendorf tube and 

centrifuged (Centrifuge 5425 Eppendorf™, MediRay, NZ) at 17500 rcf for 2 min. 200 µl 
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supernatant was transferred into the wells of a 96-well plate and the absorbance was 

measured at 595 nm using a micro-plate reader (FLUOstar
®
 Optima, BMG Labtech

TM
, 

Germany). Cell viability was calculated using equation (2). 

 

                 
                                          

                                          
  x 100……………(2) 

A summary of the protocol for the treatment of THP-1 cells and cytotoxicity analysis are 

shown in Figure 3.1.  

3.2.3.5 Quantification of TNF-α using ELISA 

The amount of TNF-α produced by the THP-1 cells in response to LPS was quantified using 

a Human TNF-α ELISA MAX
TM

 Deluxe Set Kit (BioLegend®, USA). All the reagents were 

stored at 4ºC and were allowed to equilibrate to room temperature before use. The assay was 

performed according to the manufacturer‘s instructions. In brief, TNF-α specific capture 

antibody was coated on the surface of a 96-well plate. Appropriate dilutions of standards and 

samples were added to the wells and TNF-α binds to its specific capture antibody. After 

washing, anti-human-TNF-α detection antibody was added to produce an antibody-antigen-

antibody sandwich. Avidin-HRP was added to the sandwich followed by the addition of TMB 

substrate solution that produced a blue colour depending on the concentration of TNF-α. To 

stop the enzymatic conversion of TMB substrate solution, stop solution was added producing 

a yellow colour. The absorbance was recorded at 450 nm using a micro-plate reader. The 

protocol used is summarised in Figure 3.2. Wells containing assay diluent only were treated 

as the blank and their absorbance was subtracted from the absorbance of samples and 

standards to minimise the background. A standard curve was generated using known 

concentrations of human TNF-α standards and was used for quantifying the amount of TNF-α 

in samples.   
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Figure 3.1: Treatment of THP-1 cells with bioactives and LPS, and cytotoxicity analysis 

using MTT assay. 

THP-1 cells were differentiated with phorbol 12-myristate 13-acetate (PMA), washed and 

treated with bioactive compounds and lipopolysaccharide (LPS). The supernatant containing 

tumour necrosis factor-α (TNF-α) was collected and stored at -80°C and the cells were used 

for 3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay or 

quantitative reverse transcriptase polymerase chain reaction (qRT-PCR).   
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Figure 3.2: Summary of protocol used for the detection of TNF-α using sandwiched ELISA. 
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3.2.3.6 Relative gene expression using two-step qRT-PCR 

(a) Extraction and purification of total RNA 

The cells after treatment with bioactive compounds and LPS were washed twice with sterile 

PBS (2 ml) and then utilised for RNA extraction using ISOLATE II RNA Mini Kit 

(catalogue number BIO-52073, Bioline, NZ). The assay was performed according to the 

manufacturer‘s instructions. In brief, the cells were quickly lysed in buffer supplemented with 

20 mM dithiothreitol (DTT) followed by filtration of the lysate. After filtration, ethanol was 

added to the sample. The RNA sample was then bound to a silica membrane by processing it 

through a silica-containing spin column. The column was loaded with DNase I to digest any 

genomic DNA contamination. Any other contamination such as salts, cell components and 

metabolites were removed simply by washing the silica membrane containing RNA with two 

different buffers. The purified RNA was then eluted in RNase-free water and was stored at -

80ºC until required for further analysis.  

(b) Complementary DNA (cDNA) synthesis from RNA   

The RNA was used to synthesise the cDNA strand using a High-Capacity cDNA Reverse 

Transcription Kit (catalogue number 4368813, ThermoFisher Scientific
TM

, NZ). 2x reverse 

transcription (RT) master mix was prepared by mixing (per reaction): 2 µL 10X RT buffer + 

0.8 µl 25X deoxyribonucleotide triphosphate (dNTP) + 2 µl 10x RT random primers + 1 µl 

reverse transcriptase + 4.2 µl nuclease free water. In a PCR tube, 10 µl of 2x RT master 

mixes was pipetted, to which an equal volume of RNA sample was added to give a final RNA 

concentration of 0.5 µg. The PCR tubes were then loaded into the thermal cycle under the 

following conditions: 25ºC for 10 min, 37ºC for 120 min, 85ºC for 5 min and 4ºC to infinity. 

The cDNA was stored at -20ºC until required for PCR analysis.  

 (c) qRT-PCR   

The experimental design for qRT-PCR was created using StepOne
TM

 software v2.3, where 

information about the target and sample gene, replicate number, reference sample, 

endogenous control, reaction size and the position of each sample in the well were defined 

(Appendix 3). After designing the experiment, the qRT-PCR reaction was setup by mixing 1 

µl cDNA template, 1µl of 10µM forward and reverse primer mix, 5 µl 2x SYBR
®
 green PCR 

master mix (PowerUp
TM

, catalogue number A25742, ThermoFisher Scientific
TM

, NZ) and 3 

µl water in a 48-well PCR-plate. The master mix consisted of the buffer, dNTPs, SYBR-

green fluorescent dye which binds to PCR product and ROX reference dye to normalise the 
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fluorescent signal. The primers used to target specific gene are given in Table 3.1. All the 

primers were supplied by Integrated DNA technologist (IDT, NZ). The PCR-plate was loaded 

into the StepOne Real-Time PCR System (ThermoFisher Scientific
TM

, Singapore) for 40 

cycles under the following conditions: denaturing temperature of 95ºC for 5 sec and 

combined annealing and extension temperature of 60ºC for 30 sec. Each sample was also 

subjected to melt curve analysis at temperature between 60-95ºC. The relative mRNA 

expression was expressed as fold change relative to the control and was calculated as ΔΔCt: 

ΔΔCt  2^-(ΔCt β-Actin- ΔCt target gene)…………….(3) 

Where, Ct is the cycle number at which the fluorescence signal of the reaction crosses the 

threshold. cDNA from LPS alone treated cells was the control and β-Actin gene was 

considered as the endogenous control.    

 

Table 3.1: Primer sequences used for qRT-PCR. 

Gene Accession Number Primer Sequence (5’3’) Size Amplified 

(BP) 

IL-6 NM_001318095.1 F: TGGCAGAAAACAACCTGAACC 

R: TTTCACCAGGCAAGTCTCCTCAT 

89 

IL-10 NM_000572.2 F: GTGATGCCCCAAGCTGAGA 

R: CACGGCCTTGCTCTTGTTTT 

138 

TNF-α NM_000594.2 F: CTGCTGCACTTTGGAGTGAT 

R: AGATGATCTGACTGCCTGGG 

93 

iNOS NM_000625.3 F: CATCCTCTTTGCGACAGAGAC 

R: GCAGCTCAGCCTGTACTTATC 

118 

COX-2 NM_000963.3 F: TCCCTTGGGTGTCAAAGGTAAAA 

R: AACTGATGCGTGAAGTGCTG 

144 

TLR-4 NM_003266.3 F: GGTCAGACGGTGATAGCGAG 

R: TTTAGGGCCAAGTCTCCACG 

180 

IκB-α NM_020529.2 F: AAGTGATCCGCCAGGTGAAG 

R: CGTGTGGCCATTGTAGTTGG 

281 

IκB-β kinase NM_001556.3 F: TCCGATGGCACAATCAGGAAA 

R: GCAGACCACAGCAGTTCTCA 

264 

NF-κB NM_003998.2 F: TGAGTCCTGCTCCTTCCA 

R: GCTTCGGTGTAGCCCATT 

103 

β-Actin NM_001101.4 F: CACTCTTCCAGCCTTCCTTC 

R: GTACAGGTCTTTGCGGATGT 

104 
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3.3 Part 2: Preparation of coconut cream yogurt with added bioactive 

compounds 

This part of the study aimed to develop coconut cream yogurt supplemented with coffee and 

turmeric to deliver CGA and curcumin, respectively, to the consumers. The development of 

functional coconut yogurt was divided into two stages. In stage 1, the optimum 

concentrations of CGA and curcumin to be added in coconut yogurt were determined. 

Different doses of coffee and turmeric were added to the coconut cream to give a ratio of 1:1 

(CGA : curcumin) and their effects on sensory attributes and  fermentation process were 

studied. In stage 2, the stability of coconut yogurt enriched with CGA and curcumin was 

studied for 15 days of storage at 4±1ºC. The experiment design for part 2 of the study is 

summarised in Figure 3.3. 

3.3.1 Ingredients in yogurt 

Commercial food grade ingredients were used to prepare coconut cream yogurt (Table 3.2).   

Table 3.2: List of ingredients used in the production of coconut cream yogurt. 

Items Ingredients Processing Technique Producer Code Used 

(if any) 

Kara™ coconut 

cream 

Fresh natural coconut 

cream (99.9%), stabilizers 

(xanthan gum (E415), 

guar gum (E412), 

carrageenan 

(E407)) 

 

Ultra-high 

temperature 

pasteurization 

Kara Marketing 

SdnBhd. 

 

Turmeric 

(Curcumin C
3
 

complex® AU) 

Curcumin, 

demethoxycurcumin, 

bisdemethoxycurcumin 

 

Solvent extraction Sabinsa 

Corporation 

 

Nescafe
®
 Gold 

Green Blend 

 

Coffee beans Green and roasted 

beans 

Nestle
®
 C1 

Avalanche
®
 

Espresso style 

 

Coffee beans Freeze dried Avalanche coffee C2 

Robert Harris 

Colombian  

Blend 

 

Coffee beans Freeze dried Robert Harris C3 

Squeeze Me 

Honey 

Pure honey --- Arataki Honey  
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Figure 3.3: Experimental design used for the development of coconut cream yogurt enriched 

with chlorogenic acid (CGA) and curcumin. 
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3.3.2 Stage 1: Quantification and optimisation of bioactive compounds 

added to coconut cream yogurt 

Different samples of coconut yogurt containing 100, 150, 200 and 300 mg (per 150 g of 

coconut cream) of CGA and curcumin were prepared. Before preparation of the yogurt, the 

approximate amount of CGA and curcumin in coffee and turmeric, respectively, were 

quantified using HPLC. A focus group was used to screen the most accepted yogurt sample 

based on the sensory profile. The sample found to be most acceptable by the focus group was 

used for further studies. The effect of bioactive compounds on the fermentation process was 

studied by measuring pH, colour, titratable acidity and Lactobacillus bulgaricus, and 

Streptococcus thermophilus cell counts at 2 h interval during fermentation. 

3.3.2.1 Quantification of bioactive compound in coffee and turmeric 

Three coffee samples and one turmeric sample were analysed using HPLC to quantify the 

amounts of CGA and curcumin, respectively.   

(a) Extraction of curcumin and CGA 

Curcumin and CGA were extracted from the test samples using acetone (≥99.9 %, Fisher 

Scientific, UK) and methanol (≥99.9 %, Fisher Scientific, UK) respectively (Chen, Jimmy 

Yu, Li, Luo, & Liu, 2007; Saleh et al., 2016; Singh, 2018). One g of sample was dispersed in 

5 ml of solvent and ultra-sonicated for 10 min at room temperature (20ºC) in an ultrasonic 

water bath (Sonorex Super RK 501, Bandelin electronic GmbH & Co. KG, Berlin). Ultra-

sonication was done to facilitate the dispersion and extraction of the bioactive compounds 

(Saleh et al., 2016). The resulting mix was centrifuged at 11200 rcf for 10 min. The 

supernatant was collected and the sediment was re-dispersed in 5 ml of solvent to extract any 

remaining compound. The two supernatants were combined, filtered and diluted prior to 

HPLC analysis. The amount of bioactive compound was quantified using HPLC-DAD, as 

discussed in the following section. 

(b) HPLC analysis for CGA  

Quantitative determination of CGA in the test sample was carried out using the protocol 

described by Özbilgin et al., 2015; Saleh et al., 2016 and Xue et al., 2016 with minor 

modifications. The reverse phase HPLC system (Shimadzu Prominence Series, Japan) 

equipped with pump (LC-20 AD), degasser (DGU-20 A5), sample injector (SIL-20ACHT), 

column oven (CTO-20AC) and a photodiode array detector (SPD-M20A) was used for the 



64 
 

analysis. The sample (20 μl) was injected into the stationary phase consisting of C-18 

Phenomenex Luna column (250 x 4.6 mm, particle size 3 μm) at 22ºC. The mobile phase 

used to separate CGA consisted of: 

A: 0.1 % Trifluoroacetic acid in water 

B: 0.1 % Trifluoroacetic acid in 40 % Acetonitrile 

The sample was separated at a flow rate of 0.75 ml/min using a discontinuous gradient from 

100 % A at time 0 min to 35 % B after 15 min, and finally to 50 % B after 26 min. The CGA 

in the sample was detected using a diode array detector (DAD) at 327 nm. Chromatographic 

data were recorded and integrated using LC solution software (Shimadzu Prominence UFLC, 

Japan). Analytical standards for CGA diluted in methanol at different concentrations were 

also analysed, and a standard curve was generated by plotting peak areas versus 

concentrations of the compound. The amount of CGA in the test sample was then quantified 

by comparing the retention time and peak area with the standard.    

(c) HPLC analysis for curcumin      

Curcumin in the test sample was quantified using similar HPLC equipment as for CGA. The 

sample (10 μl) was injected onto a C-18 Grace Smart column (250 x 4.6 mm, particle size 5 

μm) via an auto-sampler (Singh, 2018). The mobile phase used to analyse curcumin consisted 

of: 

A: 2 % Acetic acid + 4 % Methanol + 25 % Acetonitrile + 69 % water 

B: 2 % Acetic acid + 10 % Methanol + 88 % Acetonitrile 

The gradient (0 to 35 % of B) was run for 17 min at a flow rate of 1 ml/min and curcumin 

was detected using DAD at 425 nm. Curcumin standard was diluted in acetone to obtain 

different concentrations and analysed as previously described to generate a standard curve 

based on peak area. The amount of curcumin in the test sample was quantified using the 

standard curve. 

3.3.2.2 Preparation of yogurt 

Coconut yogurt was prepared as described in Figure 3.4. Kara™ coconut cream was mixed 

with different amounts of CGA and curcumin (100-300 mg/150 g of coconut cream) at low 

speed using a Kitchen Aid mixer bowl. Honey (5 g/150 g of coconut cream) was also added 

to mask the bitter taste of the coffee (Sohi, Sultana, & Khar, 2004; Sun-Waterhouse & 



65 
 

Wadhwa, 2013). The mixture was then heated to 42±1ºC in a water bath (Grant, Global 

Science, NZ), followed by inoculation with 2 % (w/v) of YO MIX
®
 726 LYO 50 DCU starter 

culture into the mixture (Muniandy, Shori, & Baba, 2016). The culture was mixed and the 

mixture was then sub-divided into glass jars of 500 g and 150 g. Glass jars were then placed 

in a water bath at 42±1ºC until pH of 4.5±0.1 was achieved. The fermented samples were 

stored at 4ºC without disturbing the gel.  

 
Figure 3.4: Production of coconut yogurt containing curcumin and chlorogenic acid (CGA). 
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3.3.2.3 Sensory evaluation        

A descriptive focus group sensory evaluation (Hall & Wendin, 2008; Laureati, Pagliarini, 

Calcinoni, & Bidoglio, 2006) was used to screen the various yogurt samples prepared with 

different concentrations of CGA and curcumin (Section 3.3.2.2). The focus group consisted 

of 5 members who consumed yogurt on a regular basis. The group evaluated one sample at a 

time by describing its appearance, mouthfeel, flavour, aftertaste and texture. The most 

promising sample was selected for further analysis. 

3.3.2.4 Fermentation of yogurt in the presence of CGA and curcumin  

Effect of CGA and curcumin on fermentation was studied by monitoring the changes in pH, 

titratable acidity, colour and microbial counts at every 2 h interval during fermentation. The 

sample without bioactive compounds was used as controls.     

(a) pH and titratable acidity  

A bench-top pH meter (Sartorius
®
 PB-11, Germany), pre-calibrated using pH buffers 4, 7 and 

9 was used to measure the pH of yogurt samples. The electrode was dipped into 30 g of the 

sample until a stable reading was obtained.  

Titratable acidity was determined using the AOAC 947.05 method (AOAC, 2005). Ten g of 

sample was weighed in a flask and mixed with 30 ml of distilled water. The sample was 

titrated against standardised 0.1 M NaOH until the end-point of pH 8.1 was achieved on pH 

meter (Sartorius
®
 PB-11, Germany). Titratable acidity (%) was calculated using equation (4): 

                     
                       (  )                

              ( )       
  …….………….(4) 

Where, 0.1 = molarity of NaOH and 

 90 = molecular weight of lactic acid 

(b) Colour 

The colour of yogurt was measured with a digital chroma meter (CR-300, Konica Minolta, 

Japan) in the CIE system (L*, a* and b*) (Sah, Vasiljevic, McKechnie, & Donkor, 2016) 

following the manufacturer‘s instructions. About 2 g of the sample was measured into a 

plastic petri dish and placed on the compartment of the instrument in dark conditions.  
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(c)  Microbiological analysis 

Microbiological analysis was performed to enumerate L. bulgaricus and S. thermophilus 

bacteria in yogurt samples. The two starter cultures were plated using the pour-plate method. 

Five g of the sample was weighed and mixed with 45 ml of 0.1 % peptone water (Merck, 

Germany) in a sterile stomacher bag (Global Science, NZ) giving a 10
-1

 dilution. The content 

in the stomacher bag was mixed for about 1 min using paddle stomacher blender (Masticator 

400 ml, ILU, Spain). Ten-fold serial dilutions up to 10
-9

 were prepared by mixing 1 ml of 10
-1

 

dilution sample with 9 ml of peptone water (Espírito Santo, Perego, Converti, & Oliveira, 

2012). 

Enumeration of L. bulgaricus and S. thermophilus 

Enumeration of L. bulgaricus was done using MRS agar (Bracquart, 1981). MRS powder (62 

g, Oxoid
TM

, UK) was dissolved in 1 L of distilled water and autoclaved (Astell Scientific
TM

, 

NZ) at 121ºC for 15 min. Sterile molten agar was cooled to 45-48ºC and 15-18 ml of molten 

agar was gently mixed with 1 ml of diluted sample in sterile petri dishes. Upon solidification, 

about 5 ml of more MRS agar was added to maintain an anaerobic condition. Solidified agar 

plates were then incubated at 43±1ºC for 72 h. Agar plates with 30-300 grown bacterial 

colonies were counted and counts were expressed as colony forming unit per gram of yogurt 

sample (cfu/g).   

S. thermophilus was enumerated on M17 agar (Bracquart, 1981). M17 agar (48.25 g, 

Himedia, NZ) was mixed in 950 ml of distilled water. Simultaneously, 10 % lactose solution 

was prepared by dissolving 10 g of lactose (ThermoFisher Scientific
TM

, NZ) in 100 ml of 

distilled water. Both solutions were autoclaved individually at 121ºC for 15 min. Post-

autoclave, the media was cooled to 45-48ºC and 50 ml of 10 % lactose solution was added to 

950 ml of M17 agar as a nutrient supplement. Samples were plated, incubated at 37±1ºC for 

48 h and developed colonies were counted as previously described. 

 3.3.3 Stage 2: Stability of coconut yogurt with added bioactive compounds 

during storage at 4°C for 15 days 

Yogurt sample that was most accepted by the focus group (section 3.3.2.3) based on sensory 

attributes was selected to study the stability during refrigerated storage. Coconut yogurt 

containing CGA and curcumin was prepared (section 3.3.2.2) and stored at 4±1ºC for 15 

days. The changes in physio-chemical properties, microbial counts and sensory attributes 
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were analysed on every 5
th

 day. Also, the amounts of CGA and curcumin in yogurt were 

quantified using HPLC at day 1, 5, 10 and 15 of storage. Coconut yogurt without added 

bioactive compounds was considered the control.   

3.3.3.1 Analysis of yogurt during storage  

(a) pH, titratable acidity, colour and microbiological count 

pH, titratable acidity, colour and viable cell counts of the yogurt samples were determined as 

described in section 3.3.2.4. 

(b) Syneresis 

Syneresis of yogurt samples was measured as described by Amatayakul, Sherkat and Shah, 

(2006). Briefly, the container containing yogurt was weighed and placed at an angle of about 

45º for 10-15 s. The supernatant was carefully collected and weighed. Syneresis (%) was 

calculated using equation (5):   

            
                      ( )

                         ( )
    ……………………..(5) 

(c) Texture profile analysis 

The firmness of yogurt gel was analysed by a single penetration test using a TA-XT plus 

Texture Analyser (Stable Micro Systems, Godalming, UK) equipped with 5 kg load cell on 

150 g packed sample (Espírito Santo et al., 2012; Mudgil, Barak, & Khatkar, 2017). A 

cylindrical probe of 25-mm diameter, moving at a constant test speed of 1 mm/s through 15 

mm within the sample was used. The force-distance curve was obtained and the firmness of 

the gel was determined as the highest force point on the curve.   

(d) Quantification of bioactive compounds using HPLC 

CGA and curcumin were extracted from coconut yogurt on day 1, 5, 10 and 15 of storage and 

quantified using HPLC as described in section 3.3.2.1. 

(e) Consumer sensory evaluation        

A consumer sensory acceptance test was performed over 15 days of storage at 4±1ºC for the 

most promising sample. Samples were evaluated on day 1, 5, 10 and 15, by 25 participants. 

The participants mainly consisted of academic and administrative staff, and students at 

Massey University (Albany, NZ) and local inhabitants in the Auckland region. The 
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participants were selected based on their familiarity with the fermented products and 

consumed it once a week. The sensory sessions were conducted in individual sensory booths 

at Product Development Laboratory, Massey University, NZ. Before tasting the sample, the 

participants were introduced to the sensory process and were informed about the ingredients 

in accordance with the human ethics requirements (Application no.: 4000020553). For each 

session, participants were required to evaluate two samples for appearance, mouthfeel, 

flavour and texture on a 9-point hedonic scale ranging from dislike extremely to liked 

extremely (Appendix 4). Each participant was provided with 15 g of samples (at 4±1ºC) in 25 

ml plastic cups coded with a random three-digit number. Participants were asked to clean 

their palate with bottled still water before evaluating each sample. 

3.4 Data analysis 

All the experiments were replicated at least three times. The results were expressed as mean ± 

standard deviation. One-way ANOVA (Analysis of variance) with Duncan‘s post hoc test at 5 

% significance level was used to determine significant differences between the means using 

the statistical software (IBM SPSS version 25). Graphs were created using ORIGIN software 

(OriginPro, 64 Bit, 2018).   
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CHAPTER 4 
Investigation of Anti-Inflammatory Activity of 

Bioactive Compounds using an In Vitro Model 

 

4.1 Introduction 

In humans, invasion by a foreign body immediately results in the activation of monocytes 

which are responsible for the production of inflammatory defence responses, such as 

secretion of pro-inflammatory cytokines like TNF-α (Kumar et al., 2012c). However, a 

prolonged and/or repetitive inflammatory response can lead to the onset of chronic-

inflammation related diseases such as obesity, arthritis, Alzheimer, cardiovascular diseases 

and several forms of cancer (Hewlings & Kalman, 2017; Meirow & Baniyash, 2017). 

Therefore, research into the role of bioactive compounds in reducing chronic-inflammatory 

responses and their ability to combat the associated diseases is important.             

Bioactive compounds are naturally available in small quantities which may not be sufficient 

to fully elicit the desired anti-inflammatory effects (Long, Yang, Xu, Hao, & Li, 2015). In 

addition, combining different bioactive compounds may result in synergistic effects, thus 

achieving anti-inflammatory effects at lower doses. Curcumin is a bioactive compound 

reported to suppress inflammation, but its low bioavailability in humans requires a high dose 

to elicit significant effects. In this study, the combined effect of curcumin with lupeol and 

CGA on inflammation was investigated. As described in Chapter 2, individually, all three of 

these bioactive compounds are reported to produce anti-inflammatory effects but their 

combined effects have not yet been determined.     

This chapter investigates the anti-inflammatory effects of the three selected bioactive 

compounds, both individually and in combination, in an in vitro model using the human 

leukaemia monocyte THP-1 cell line. Using THP-1 cells is advantageous as they can 

replicate within 35-50 h, do not produce any toxic products, do not contain any infectious 

viruses, have minimum genetic variation with increasing passage number which yields more 

reproducible results and after differentiation they mimic primary human macrophages 

(Chanput, Peters, & Wichers, 2015; Tedesco et al., 2018). Briefly, THP-1 monocytes were 
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differentiated into macrophages using PMA, followed by treatment with the bioactive 

compounds and then the inflammatory response was stimulated using LPS. The supernatant 

was collected to allow quantification of TNF-α secretion by ELISA, while the cells were 

utilised for measuring cell viability using MTT assay or for studying mRNA expression using 

qRT-PCR as previously described in Chapter 3.   

4.2 Results and discussion  

4.2.1 PMA induced differentiation of THP-1 cells 

Phorbol 12-myristate 13- acetate (PMA), also known as 12-O-Tetradecanoylphorbol-13-

acetate (TPA) is a potential tumour promoter which is commonly used in biomedical research 

to activate expression of protein kinase C (PKC) (Pham et al., 2017; Schwende, Fitzke, 

Ambs, & Dieter, 1996). PMA induced activation of PKC results in differentiation of THP-1 

monocyte cells into macrophages and subsequently an increase in the expression of several 

surface markers which causes cell adhesion (Starr, Bauler, Malik-Kale, & Steele-Mortimer, 

2018). The differentiated macrophages lose their ability to divide and become more sensitive 

to bacterial invasion, which results in a strong immune response (Takashiba et al., 1999). In 

several in vitro studies, PMA concentrations ranging from 6-500 nM have been used to 

differentiate the THP-1 cells (Lund, To, O'Brien, & Donnelly, 2016). A high concentration of 

PMA aberrantly expresses several genes in the cells during differentiation and highly 

expressed genes may overpower the effect of stimuli on macrophages (Park et al., 2007). In 

contrast, at a low PMA concentration, all the cells may not differentiate completely into 

macrophages. Hence, it is important to select the lowest possible concentration of PMA that 

still maintains a high differentiation rate.  

After incubation with 5-200  nM PMA the THP-1 cells spread and adhered to the surface of 

the plate, which are hallmarks of macrophages (Park et al., 2007), while the undifferentiated 

monocytes remained floating in suspension. As evident from Figure 4.1A the cells without 

PMA were small, spherical and of uniform morphology, whereas the PMA treated cells had a 

larger and irregular shape. These results are consistent with those from previously reported 

studies (Daigneault, Preston, Marriott, Whyte, & Dockrell, 2010; Gatto et al., 2017; Lund et 

al., 2016; Pham et al., 2017; Takashiba et al., 1999). However, it must be noted that the 

differentiation of monocytes into macrophages was dependent on PMA concentration.  
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Figure 4.1: Effect of PMA concentration on differentiation of THP-1 cells. 

THP-1 monocytes were differentiated into macrophages using Phorbol 12-myristate 13- 

acetate (PMA) ranging from 5-200 nM treated for 3 days at 37°C and 5 % CO2. After 

incubation period phase contrast microscopic images (40X) (A) and percentage cell adhesion 

(B) with respect to 200 nM dose were analysed. Adhesion was quantified using MTT assay. 

Note: Data represents the mean of two biological replicates with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.   
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The two lowest PMA doses of 5 nM and 25 nM were not effective in differentiating all the 

cells as the macrophage population was low in comparison to that observed at higher PMA 

doses (Figure 4.1A). In comparison to the 200 nM PMA dose, about 81.18±8.47 % and 

83.84±6.63 % cells adhered to the surface of the plate at PMA concentration of 5 nM and 25 

nM respectively, reflecting the lower differentiation rate of the cells (Figure 4.1B). 

Incubation of the THP-1 cells with PMA at 50-200 nM resulted in high levels of 

differentiation, with no significant difference (p≤0.05) in percentage cell adhesion between 

these concentrations. A similar dose-dependent result was reported by Park et al. (2007) 

when differentiating THP-1 cells using 2.5-100 ng/ml PMA. Since differentiation of THP-1 

cells at 50 nM PMA was similar to that achieved at higher doses, 50 nM was selected as the 

lowest possible dose of PMA with high differentiation rate. Thus, all subsequent experiments 

were performed with 50 nM PMA.  

4.2.2 LPS induced inflammation in THP-1 macrophages 

Lipopolysaccharide (LPS) is an endotoxin commonly present on the outer cell membrane of 

gram-negative bacteria (Raetz & Whitfield, 2002). LPS is a highly immunogenic compound 

that can stimulate an inflammatory response in humans. The lipid portion of LPS interacts 

with cluster differentiation (CD) marker CD14 surface protein which results in the activation 

of Toll-like receptor-4 (TLR-4) receptor (Meng & Lowell, 1997; Ngkelo, Meja, Yeadon, 

Adcock, & Kirkham, 2012; Tapping & Tobias, 1997). Activation of TLR-4 receptors further 

activates several kinase enzymes resulting in the initiation of NF-κB, AP-1 and MAPK 

signalling pathways (Chanrot et al., 2017; Ngkelo et al., 2012). Treatment of macrophages 

with LPS results in the production of several pro-inflammatory cytokines such as TNF-α, IL-

6 and IL-8 and anti-inflammatory cytokines such as IL-10 and superoxide species (Li et al., 

2003; Lund et al., 2016; Meng et al., 2013). The amount of cytokines produced by THP-1 

cells will be dependent on the concentration of the LPS and the exposure time. Thus, it was 

important to identify the optimum conditions where a significant amount of TNF-α would be 

secreted by the cells following stimulation with LPS. TNF-α is a trans-membrane protein 

secreted by macrophages and is extensively used as a key biomarker to study anti-

inflammatory effects of compounds (Gurol et al., 2016; Kotlyarov et al., 1999; Mahmoud, El-

Nagar, & El-Bassossy, 2012; Roome et al., 2019; Taylor, Porter, & Gonzalez, 2014). 
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4.2.2.1 Optimisation of dilution factor for TNF-α measurement from LPS stimulated 

cells 

Post LPS (200 ng/ml) treatment of differentiated THP-1 cells for 4 h, the supernatant 

containing TNF-α was collected and TNF-α was quantified by ELISA (Section 3.2.3.5). As 

per the manufacturer‘s instructions, the supernatant containing TNF-α needed to be diluted to 

obtain results within the detection limits of the kit. The supernatant was diluted to 1/10, 1/50, 

1/100 and 1/200 times in 1x assay diluent A to quantify TNF-α production.    

The amount of TNF-α produced by the differentiated THP-1 cells in response to LPS was 

quantified by interpolation from the standard curve (Figure 4.2A). The absorbance of the 

sample without any dilution and 10 fold dilution was 3.18±0.27 and 2.39±0.12, respectively, 

which was well above the absorbance of the highest standards of 500 pg/ml (1.77±0.09). 

Thus, these two samples were too concentrated and were therefore not considered suitable for 

further studies. The absorbance for the other three dilutions was within the detection range of 

the standard curve and once corrected for the dilution factor, the total TNF-α quantified was 

not significantly different (p≤0.05) for these dilutions (Figure 4.2B). However, the absorption 

value (0.26±0.01) for the 1/200 dilution was in the lower portion of the standard curve which 

may not be suitable for further experiments involving a reduction in TNF-α level. Hence a 

dilution ranging between 50 to 100 times was determined to be optimum for further studies.   

4.2.2.2 Optimisation of LPS dose-response for stimulation of THP-1 macrophages  

Stimulation of differentiated THP-1 cells with different concentrations (0-200 ng/ml) of LPS 

for 4 h resulted in a dose-dependent increase in TNF-α production (Figure 4.3A). An LPS 

concentration of 5 ng/ml was not sufficient to produce a detectable amount of TNF-α but at 

25 ng/ml and above a quantifiable amount of TNF-α was produced. Cells treated with 200 

ng/ml LPS produced the maximum amount of TNF-α (10.69±1.16 ng/ml). However, this 

amount was not significantly different (p≤0.05) to that produced by 100 ng/ml (9.99±3.26 

ng/ml) LPS treatment. Moreover, as the concentration of the LPS increased, the cell viability 

decreased (Figure 4.3B), with more than 50 % cell death observed at 200 ng/ml LPS, 

indicating the highly sensitive nature of THP-1 cells towards LPS. 

These results are consistent with Huiyu Shi et al. (2016) who observed a dose-dependent 

increase in the production of several pro-inflammatory cytokines (TNF-α, IL-6 and IL-1), 

iNOS enzyme and NO species in LPS stimulated bovine epithelial cells. The increase in LPS 

dose was shown to enhance the production of various ROS and RNS resulting in oxidative 
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stress leading to cell death (Kim, Johnson, Shin, & Sharma, 2004; Li, Ma, Peng, Chen, & 

Zhang, 2011; Nishio et al., 2013). Furthermore, NO can also promote the apoptotic pathway 

in macrophages by activating Bax, a pro-apoptotic gene (Xaus et al., 2000). Therefore, taking 

into account the TNF-α production and cell viability results, 100 ng/ml LPS was considered 

the most suitable concentration to use for further studies.   

 

 

 
Figure 4.2: Optimum dilution factor for supernatant containing TNF-α. 

THP-1 macrophages were exposed to 200 ng/ml lipopolysaccharide (LPS) for 4 h and 

supernatant was diluted and TNF-α was quantified using ELISA. (A) Standard curve for 

TNF-α ELISA, (B) adjusted TNF-α level after multiplication with respective dilution factors. 

Note: Data represents the mean of two biological replicates and two replicates in each assay 

with error bars corresponding to standard deviation. *: TNF-α was above the detection limits 

of the standard curve. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.   
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Figure 4.3: Effect of lipopolysaccharide (LPS) concentration on (A) TNF-α production and 

(B) cell viability. 

THP-1 macrophages were stimulated with LPS (5-200 ng/ml) for 2 h at 37°C and 5 % CO2. 

The TNF-α level was quantified using ELISA and cell viability was analysed using MTT 

assay. Note: Data represents the mean of two biological replicates and two replicates in each 

assay with error bars corresponding to standard deviation. *: TNF-α was below the detection 

limits. Samples that do not share the same letters are significantly different (p≤0.05). Raw 

and statistically analysed data are shown in Appendix 5.     

 

4.2.2.3 Optimisation of LPS incubation time 

The stimulation of THP-1 macrophages with 100 ng/ml LPS for 0.5, 1, 2, 4 and 6 h revealed 

a time-dependent increase in TNF-α level (Figure 4.4A). A similar time-dependent increase 

in TNF-α has been reported by others (Chanput, 2012; Ma et al., 2017; Huiyu Shi et al., 

2016). The amount of TNF-α produced by the negative control (t=0 h) and at t=0.5 h was 

insufficient for detection but at t=1 h and above, a detectable amount of TNF-α was 

produced. The maximum amount of TNF-α was secreted at t=6 h (3.21±0.17 ng/ml) but was 

not significantly different (p≤0.05) from that obtained at t=4 h (3.19±0.31 ng/ml). However, 

in comparison with t=0, about 60 % cell death was observed at t=6 h (Figure 4.4B) which 

was higher than at t=4 h. Hence, a 4 h incubation period was considered to be suitable for 

further studies.     
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Figure 4.4: Effect of lipopolysaccharide (LPS) incubation time on (A) TNF-α production and 

(B) cell viability. 

THP-1 macrophages were stimulated with 100 ng/ml LPS for 0.5-6 h at 37°C and 5 % CO2. 

The TNF-α level was quantified using ELISA and cell viability was analysed using MTT 

assay. Note: Data represents the mean of two biological replicates and two replicates in each 

assay with error bars corresponding to standard deviation. *: TNF-α was below the detection 

limits. Samples that do not share the same letters are significantly different (p≤0.05). Raw 

and statistically analysed data are shown in Appendix 5.     

 

4.2.3 Anti-inflammatory potential of bioactive compounds in LPS stimulated THP-1 

cells  

4.2.3.1 Effect of different doses of curcumin, lupeol and CGA  

(a) Treatment with curcumin 

Curcumin was effective in significantly (p≤0.05) reducing TNF-α production in a dose 

dependent manner in LPS stimulated THP-1 macrophages (Figure 4.5A). 1 µM curcumin 

reduced TNF-α level by about 3 % when compared with the negative control. At a dose of 5 

µM curcumin, TNF-α production decreased from 7.97±0.21 ng/ml (only LPS treated cells) to 

6.37±0.18 ng/ml, which was further reduced to 1.70±0.08 ng/ml at 25 µM curcumin. These 

results are consistent with previous observations (Cho, Lee, & Kim, 2007; Lin et al., 2014; 

Meng et al., 2013; Woo et al., 2007; Yang et al., 2012). Chan (1995) reported a 57 % 

decrease in TNF-α level on treating LPS stimulated human Mono Mac 6 cells with 5 µM 
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curcumin for 4 h. Curcumin (5-20 µM) can act on NF-κB and JNK signalling pathway, and 

downregulate the production and transcription of TNF-α and IL-6 in a dose-dependent 

manner in 3T3-L1 cells (Shao-Ling et al., 2009). A similar reduction in TNF-α level was 

reported in LPS induced RAW 264.7 cells pre-treated with 5-15 µM curcumin for 2 h by 

blocking PI3K/AKT signalling pathways (Ma et al., 2017). 

With increasing curcumin concentration a dose-dependent decrease in cell viability was 

observed (Figure 4.5B). Cell viability was 70-75 % at the two highest doses of 10 and 25 µM 

curcumin. Exposure of THP-1 macrophages to 50 µM curcumin has been shown to  

significantly upregulate various caspases pathways and downregulate the PARP-1 pathway, 

thereby causing apoptosis (Yang et al., 2012). Curcumin (15 µM)  was also reported to result 

in a 15 % reduction in viability of RAW 264.7 macrophages (Ma et al., 2017). In contrast, no 

such toxic effects of curcumin were reported by Naik, Mujumdar, and Ghaskadbi (2004), 

Park et al. (2008) and Wang, Boddapati, Emadi, and Sierks (2010).      

  

 
Figure 4.5: Effect of curcumin dose on (A) TNF-α production and (B) cell viability. 

THP-1 macrophages were pre-treated with 1-25 µM curcumin for 1 h prior to stimulation 

with 100 ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was quantified using 

ELISA and cell viability was analysed using MTT assay. Note: Data represents the mean of 

three biological replicates and three replicates in each assay with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.     
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(b) Treatment with lupeol 

Similar to curcumin, 1 h pre-treatment of differentiated THP-1 cells with lupeol 

concentrations ranging from 1-25 µM resulted in a dose-dependent decrease in the secretion 

of TNF-α (Figure 4.6A). LPS stimulated THP-1 cells without any treatment with lupeol 

produced 3.92±0.18 ng/ml TNF-α which was reduced by 10-40 % on pre-treatment with 

lupeol in a dose-dependent manner. A similar decrease in the production of inflammatory 

cytokines such as TNF-α, IL-6, IL-8, IL-12 and ROS was observed in epithelial cells, RAW 

264.7 and CD14
+
 monocyte cells on treatment with lupeol (Lee et al., 2016; Srivastava et al., 

2016; Zhu et al., 2016).  

Simultaneously to TNF-α downregulation, the increased concentration of lupeol caused a 

decrease in cell viability (Figure 4.6B). On comparing Figure 4.6A and B, the decrease in 

TNF-α level was closely related to the decrease in cell viability. For instance, at 25 µM dose, 

 

 
Figure 4.6: Effect of lupeol dose on (A) TNF-α production and (B) cell viability. 

THP-1 macrophages were pre-treated with 1-25 µM lupeol for 1 h prior to stimulation with 

100 ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was quantified using ELISA 

and cell viability was analysed using MTT assay. Note: Data represents the mean of three 

biological replicates and three replicates in each assay with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.     
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about 33 % of the cells died with a decrease of about 40 % in TNF-α level, suggesting that 

cell death was responsible for cytokine reduction. In previous reports, lupeol was reported to 

kill 50 % of LNCaP, CWR22Rr1 and human umbilical vein epithelial cells at 21, 18.5 and 10 

µM concentrations respectively within 48 h of treatment (Kangsamaksin et al., 2017; Saleem 

et al., 2005). Lupeol can act on multiple apoptotic pathways by upregulating PARP, Bax and 

caspase and downregulating Bcl-2 and Bcl-xL expressions and thereby cause cell death (Lee 

et al., 2007; Pitchai, Roy, & Ignatius, 2014; Prasad, Sabarwal, Yadav, & Singh, 2018; Prasad, 

Kalra, & Shukla, 2007).      

(c) Treatment with CGA  

Figure 4.7A shows the effect of CGA on TNF-α produced by differentiated THP-1 cells. As 

the concentration increased from 1 µM to 2.5 µM the TNF-α levels significantly (p≤0.05) 

increased from 2.49±0.27 ng/ml to 2.91±0.31 ng/ml. Above the 2.5 µM dose, the amount of 

TNF-α produced started to decrease and yield 2.62±0.39 ng/ml at 25 µM dose, although this 

was still above the amount secreted in the control (2.37±0.37 ng/ml) sample. The increase in 

the level of TNF-α secretion can be explained by an increase in cell viability of CGA treated 

THP-1 cells when compared with LPS only treated cells (Figure 4.7 B). At the concentration 

of 1, 2.5 and 5 µM cell viability increased to 119.00±13.06 %, 123.59±12.09 % and 

122.51±11.38 % respectively and was significantly different from the control (p≤0.05). 

Further increase in the concentration to 25 µM resulted in elevated cell viability to 140.15± 

14.55 %.   

Similar protective effect of CGA on cell viability was reported by Gong, Su, Zhan, and Zhao 

(2018), Pavlica and Gebhardt (2005) and Zhang et al. (2018). Lee et al. (2011) observed the 

protective effect in beta-amyloid stimulated PC12 cells pre-treated with CGA for 1 h. These 

authors proposed that CGA can increase the production of Bcl-2 and decrease the production 

of Bax, anti-apoptotic and pro-apoptotic proteins respectively. Further, they also proposed 

that CGA can reduce intercellular calcium levels and decrease caspase-3 thereby reducing 

beta-amyloid-induced apoptosis. Another group of researchers (Taram, Winter, & Linseman, 

2016) showed the neuroprotective effect of 10 µM CGA against sodium nitroprusside (50 

µM) in cerebellar granule neurons and achieved more than 55 % higher cell viability when 

compared with the negative control sample (without CGA). The latter study also highlighted 

that CGA could not protect the cerebellar granule neurons when stimulated with glutamate, 

indicating that the protective effect of CGA is dependent on the type of stimulator used. 
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Hence, CGA promotes the viability of THP-1 cells possibly by intervening in the pathway of 

LPS induced cell death. To best of our knowledge, no publication has highlighted the 

protective effect of CGA against human immune-cells, therefore, our work is the first report 

to identify the protective effect of CGA against THP-1 cells and thus, needs further 

investigations to identify the possible mechanisms for THP-1 cells protection.   

   

 
Figure 4.7: Effect of chlorogenic acid (CGA) dose on (A) TNF-α production and (B) cell 

viability. 

THP-1 macrophages were pre-treated with 1-25 µM chlorogenic acid (CGA) for 1 h prior to 

stimulation with 100 ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was 

quantified using ELISA and cell viability was analysed using MTT assay. Note: Data 

represents the mean of six biological replicates and three replicates in each assay with error 

bars corresponding to standard deviation. *: Data represents the mean of five biological 

replicates. Samples that do not share the same letters are significantly different (p≤0.05). Raw 

and statistically analysed data are shown in Appendix 5.     

 

4.2.3.2 Effect of carrier vehicle on LPS stimulated THP-1 macrophages 

The solvent used to dissolve the bioactive compounds may interfere with their activity and 

thus the results obtained could be misleading. In this study, two different types of vehicles 

were used: dimethyl sulfoxide (DMSO) was used to dissolve curcumin and CGA while a 

combination of DMSO and ethanol (1:1) was used to solubilise lupeol. To investigate the 
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influence of the vehicle on THP-1 monocytes, several concentrations of DMSO and DMSO + 

ethanol were studied. As can be seen in Figure 4.8, with an increase in the concentration of 

either of the vehicles a small decrease in TNF-α level and cell viability was observed. The 

small decrease in TNF-α production may be caused by cell death or possibly by the small 

anti-inflammatory effect of DMSO (Elisia et al., 2016). However, this decrease was small 

thus the results discussed in Section 4.2.3.1 were considered free from any influence from the 

respective vehicle used.   

4.2.3.3 Effect of combined treatment of curcumin + lupeol and curcumin + CGA on LPS 

stimulated THP-1 macrophages 

To study the effect of combinations of curcumin with lupeol and CGA, the concentration of 

curcumin was fixed at 5 µM. Further, based on the results obtained in section 4.2.3.1 for the 

effect of lupeol and CGA on suppressing TNF-α level and cell viability (Figure 4.6 and 

Figure 4.7) three different concentrations (2.5, 5 and 10 µM) were selected to blend with 

curcumin. THP-1 macrophages were treated with three concentrations of each: curcumin + 

lupeol and curcumin + CGA (at ratios of 1:0.5, 1:1 and 1:2) for 1 h. THP-1 cells treated with 

various concentrations of curcumin or lupeol or CGA alone and cells without any bioactive 

compound treatment were the controls. 

As shown in Figure 4.9A, the combined effect of curcumin and lupeol significantly (p≤0.05) 

reduced the TNF-α level when compared with curcumin and lupeol alone treated controls. 5 

µM curcumin and 2.5 µM lupeol alone were able to reduce TNF-α production by 15 % and 

12 % TNF-α level respectively, while their combined treatment resulted in about 30 % 

reduction. As the concentration of lupeol was increased from 2.5 to 10 µM, in the 

combination treatments, the amount of TNF-α produced decreased from 4.3±1.57 ng/ml to 

3.24±1.18 ng/ml. At a 1:2 ratio of curcumin to lupeol, about 50 % reduction was observed in 

TNF-α level which was significantly different (p≤0.05) from 10 µM lupeol alone (4.74±1.99 

ng/ml) and 5 µM curcumin alone (5.33±2.21 ng/ml) controls. These results suggested a small 

synergistic effect of curcumin + lupeol treatment on TNF-α reduction. However on 

considering the effect of combined treatments on cell viability (Figure 4.9B) the synergistic 

effect on TNF-α reduction was found to be misleading because the decrease in TNF-α level 

was influenced by cell death. For example, 5 µM curcumin and 5 µM lupeol alone resulted in 

about 21±6.17 % and 15±9.93 % cell death respectively, while their combination resulted in 

about 37±10.61 % cell death. Thus, the combination of curcumin with lupeol suggested an 
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additive effect on reducing cell viability, hence was not considered suitable for any further 

analysis.   

 

 
Figure 4.8: Effect of carrier vehicles on (A,C) TNF-α production and (B,D) cell viability. 

THP-1 macrophages were pre-treated with different concentrations of Dimethyl sulfoxide 

(DMSO) (A and B) and DMSO + ethanol (C and D) for 1 h prior to stimulation with 100 

ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was quantified using ELISA and 

cell viability was analysed using MTT assay. Note: Data represents the mean of two 

biological replicates and three replicates in each assay with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.     
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Figure 4.9: Effect of curcumin + lupeol on (A) TNF-α production and (B) cell viability. 

THP-1 macrophages were pre-treated with curcumin + lupeol for 1 h prior to stimulation with 

100 ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was quantified using ELISA 

and cell viability was analysed using MTT assay. Note: Data represents the mean of six 

biological replicates and three replicates in each assay with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.     

 

The results obtained for the effects of combined treatment of curcumin and CGA on TNF-α 

production and cell viability are shown in Figure 4.10. Co-administration of curcumin and 

CGA at ratios of 1:0.5 and 1:2 resulted in about 9 % and 6 % reduction in TNF-α level 

respectively. This decline in TNF-α level was less than that caused by 5 µM curcumin alone 

(≈ 16 %). However, at 1:1 ratio, TNF-α level dropped to 2.95±1.17 ng/ml from 3.98±1.80 

ng/ml accounting for about 25 % reduction. The decrease in TNF-α production at 5 µM 

curcumin + 5 µM CGA was significantly lower (p≤0.05) than the controls. Moreover, for all 

the combination treatments the cell viability was significantly (p≤0.05) higher than to that of 

5 µM curcumin treated control. Hence, combining equal quantities of curcumin and CGA 

was found to be effective in reducing both TNF-α production and cell death.           
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Figure 4.10: Effect of curcumin + chlorogenic acid (CGA) on (A) TNF-α production and (B) 

cell viability. 

THP-1 macrophages were pre-treated with curcumin + CGA for 1 h prior to stimulation with 

100 ng/ml LPS for 4 h at 37°C and 5 % CO2. The TNF-α level was quantified using ELISA 

and cell viability was analysed using MTT assay. Note: Data represents the mean of nine 

biological replicates and three replicates in each assay with error bars corresponding to 

standard deviation. Samples that do not share the same letters are significantly different 

(p≤0.05). Raw and statistically analysed data are shown in Appendix 5.     

  

4.2.4 Effect of curcumin, CGA and their combination on the NF-κB signalling pathway  

Along with TNF-α, several other pro-inflammatory cytokines such as IL-6, anti-inflammatory 

cytokines such as IL-10, and enzymes such as COX-2 and iNOS are also produced as an 

inflammatory response to infection and stress (Kumar et al., 2012c). The production and 

expression of the aforementioned inflammatory biomarkers can be controlled by activation of 

JNK pathway, p38 MAPK pathway, P13k/Akt pathway and NF-κB signalling pathway (Qin 

et al., 2016). Therefore, the effect of curcumin, CGA and their combination (at 1:1 ratio) on 

mRNA expression of various inflammatory biomarkers and NF-κB signalling pathway was 

studied using two step qRT-PCR (Section 3.2.3.6)  

The relative mRNA expression for TLR-4, IκB-β-kinase, IκB-α, NF-κB, TNF-α, IL-6, IL-10, 

COX-2 and iNOS are shown in Figure 4.11. Our results suggest that, other than TLR-4, CGA 

was not effective in reducing the mRNA expression of inflammatory genes. In contrast, 
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curcumin could suppress the expression of all biomarkers, except for iNOS. The addition of 

CGA to curcumin potentiates the anti-inflammatory activity of curcumin. On exposing the 

cells to LPS, the TLR-4 receptor is activated which then activates IκB kinase (IKK), resulting 

in phosphorylation and degradation of IκB-α, an inhibitory subunit of NF-κB in the 

cytoplasm (Shen et al., 2012). Treatment with CGA and curcumin alone could suppress the 

expression of TLR-4 receptor by ≈13 % and ≈52 % respectively and their combination 

suppresses it by ≈72 %. Curcumin alone downregulates the expression of IκB-β-kinase and 

NF-κB, and on combining curcumin with CGA an additional significant (p≤0.05) decrease of 

≈39 % and ≈63 %, respectively, in gene expression was observed. Similar decreases in NF-

κB expression and production on treatment with curcumin have been reported previously 

(Bachmeier et al., 2007; Meng et al., 2013; Murakami et al., 2008; Pan et al., 2000). The 

combination of curcumin and CGA was not effective in reducing IκB-α expression.   

Upon activation, NF-κB is translocated into the nucleus where it can influence the 

transcription of more than 500 inflammation-related genes (Buhrmann et al., 2011). The 

treatment with the combination of bioactive compounds was also able to downregulate the 

expression of NF-κB regulated genes. The expression of pro-inflammatory cytokines such as 

TNF-α and IL-6, was decreased by the combination treatment but was not significantly 

different (p≤0.05) from curcumin only treatment. It was expected that curcumin and CGA 

would promote the expression of anti-inflammatory cytokine such as IL-10, but in fact, the 

opposite result was obtained. The production of IL-10 is controlled by NF-κB, thus a 

decrease in NF-κB expression might have knocked out IL-10 expression. A similar reduction 

was observed in the mRNA level of COX-2, a key enzyme involved in arachidonic acid 

metabolism. In contrast, the expression of iNOS, an enzyme that initiates the production of 

RNS to kill bacteria in phagocytes, was upregulated by curcumin alone and curcumin + CGA 

treatment. Curcumin alone increased the expression of iNOS by ≈80 % while an increase of 

≈285 % was observed in the presence of both curcumin and CGA. The response of curcumin, 

CGA and their combination (1:1) on NF-κB signalling pathway is summarised in Figure 4.12. 

In addition to measuring mRMA expression levels, quantification of protein translated from 

their respective mRMA may enhance our understanding regarding the mechanisms of action 

of the bioactive compounds used in this study. However, investigating the effect of bioactive 

compounds on protein expression was beyond the scope of this project.         
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Figure 4.11: Effect of curcumin, chlorogenic acid (CGA) and their combination on mRNA 

expression of several inflammatory biomarkers and NF-κB signalling pathway. 

THP-1 macrophages were pre-treated with curcumin (Cur), chlorogenic acid (CGA) and 1:1 

ratio of Cur + CGA for 1 h prior to stimulation with 100 ng/ml LPS for h at 37°C and 5 % 

CO2. The mRNA expression was quantified using qRT-PCR. Note: Data represents the mean 

of three biological replicates with error bars corresponding to standard deviation. Samples 

that do not share the same letters are significantly different (p≤0.05). Raw and statistically 

analysed data are shown in Appendix 6.     
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Figure 4.12: Response of curcumin, chlorogenic acid (CGA) and their combination on mRNA 

expression of NF-κB signalling pathway. 

LPS: lipopolysaccharide; TLR-4: toll-like receptor-4; IκB-α: inhibitor κB-α; TNF-α: tumour 

necrosis factor-α; IL: interleukin; COX-2: cyclooxygenase-2; iNOS: inducible nitric oxide 

synthase. 

  means upregulations and    means downregulations of mRNA level   
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4.3 Summary 

In this study, the anti-inflammatory potential of curcumin, lupeol and CGA (both individually 

and in combination) was studied using an in vitro model of inflammation using THP-1 

macrophages. The results suggest that curcumin and lupeol alone were able to downregulate 

TNF-α production, but also caused a slight decrease in cell viability of LPS stimulated THP-1 

macrophages. On combining these two bioactive compounds a large reduction in TNF-α 

levels was observed, however, this reduction was due to cell death rather than an anti-

inflammatory property. In contrast, CGA protected the THP-1 cells from LPS toxicity and 

co-administration of CGA and curcumin in a 1:1 ratio significantly suppressed TNF-α 

production without any significant decrease in cell viability. Further, qRT-PCR results 

indicate that CGA can potentiate the effect of curcumin. The combination was effective in 

reducing mRNA expression of pro-inflammatory cytokines and COX-2 enzyme possibly by 

the suppression of NF-κB, IκB-β-kinase and TLR-4 receptor at the mRNA level. Thus, 

combining CGA and curcumin in 1:1 ratio was considered optimum for introducing an anti-

inflammatory effect and this ratio was selected for the fortification of coconut cream yogurt.        
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CHAPTER 5 
Development of Coconut Cream Yogurt Fortified 

with Curcumin and Chlorogenic Acid 
 

5.1 Introduction 

The popularity of functional foods developed using natural ingredients have increased among 

the consumers looking for healthier products (Granato, Nunes, & Barba, 2017). To cater for 

this demand, researchers have been focusing on developing food matrices to deliver healthy 

bioactive compounds destined for human consumption, particularly via dairy products (Ndife, 

Idoko, & Garba, 2014). Yogurt, a fermented dairy product, is consumed across the globe not 

only for its appealing taste but also for its nutritional value and health-promoting benefits 

(Saint-Eve, Lévy, Martin, & Souchon, 2006). The presence of peptides and probiotics in 

yogurt can enhance the immune system, improve digestion, reduce serum cholesterol levels 

and protect against colon cancer when consumed in adequate amounts (El-Abbadi, Dao, & 

Meydani, 2014; Helal & Tagliazucchi, 2018; Ndife et al., 2014; Tien et al., 2006; Vijayendra 

& Gupta, 2012; Weerathilake et al., 2014). The health benefits of yogurt can further be 

improved by fortifying with bioactive compounds such as resveratrol from grapes, EGCG 

from green tea, curcumin from turmeric and CGA from coffee.  

Traditionally, yogurt is prepared by fermentation of mammalian milk by lactic acid bacteria 

such as S. thermophilus and L. bulgaricus (Fadela, Abderrahim, & Ahmed, 2009; 

Weerathilake et al., 2014). However, because of the limited available options for lactose 

intolerant individuals, attempts are being made to develop yogurt from non-dairy sources 

such as soy milk, rice milk, almond milk, legume milk and coconut milk (Jiménez-Martínez, 

Hernández-Sánchez, & Dávila-Ortiz, 2003; Dorota Zaręba & Małgorzata Ziarno, 2017). 

Coconut milk or ‗santan‘ refers to the white colour protein-oil-water emulsion extracted from 

the endosperm of Cocos nucifers L. fruit using mechanical force (Narataruksa, 

Pichitvittayakarn, Heggs, & Tia, 2010; Yaakob, Ahmed, Daud, Malek, & Rahman, 2012). 

Coconut milk contains 55.1-74.9 % moisture, 2-4 % protein, 20-35 % fat, 2.7-4.7 % 

carbohydrates and 0.6-1 % ash (Shana, Sridhar, Roopa, Varadaraj, & Vijayendra, 2015; 

Singh, 2018; Tansakul & Chaisawang, 2006). The presence of sucrose, starch, amino acids 
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such as lysine, methionine and tryptophan, and minerals such as calcium, phosphate, 

magnesium and potassium make coconut milk a suitable medium for the growth of lactic acid 

bacteria (Yuliana, Rangga, & Rakhmiati, 2010).   

This chapter investigated the development of coconut yogurt fortified with coffee and 

turmeric to potentially deliver the anti-inflammatory benefits derived from CGA and 

curcumin respectively. Yogurt seems to be a good medium for the delivery of curcumin and 

CGA due to its low pH post-fermentation, which increases the stability of bioactive 

compounds during storage (Chouchouli et al., 2013; Helal & Tagliazucchi, 2018). The 

presence of fat and protein help maintain the integrity of bioactive compounds during 

digestion thereby improving their bioavailability (Helal & Tagliazucchi, 2018; Jakobek, 

2015; Lamothe, Azimy, Bazinet, Couillard, & Britten, 2014). Briefly, in this study, coconut 

cream was enriched with sufficient coffee and turmeric to result in a 1:1 ratio of CGA and 

curcumin followed by fermentation using 2 % starter culture at 42±1ºC. The effect of the 

bioactive compounds on the fermentation process and stability of the fortified coconut yogurt 

over a 15 days storage period at 4±1ºC was studied following the procedure previously 

described in Chapter 3.                

5.2 Results and discussion 

5.2.1 Stage 1: Optimising the amount of bioactive compounds added to 

coconut cream yogurt 

5.2.1.1 Quantification of bioactive compounds present in coffee and turmeric 

To deliver the known concentration of bioactive compounds via yogurt, it was first necessary 

to quantify their concentration in coffee and turmeric sources to be used for delivering the 

bioactive ingredients. CGA is a temperature-sensitive compound and its concentration in 

instant coffee powder is greatly influenced by the processing conditions and techniques. 

Roasting is an important step in developing the desired aroma and flavour in coffee, however, 

with an increase in roasting intensity, the concentration of CGA decreases (Corso, Vignoli, & 

Benassi, 2016; Fujioka & Shibamoto, 2008). In addition, drying techniques also degrade the 

CGA. For this study, 3 different types of freeze-dried coffee powders (Table 3.2) were 

selected because CGA is preserved at low-temperature. Moreover, the selected coffee blends 
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(gold bend, espresso style and Colombia blend) were previously reported to have high 

amounts of CGA (Ludwig et al., 2014).   

The amount of CGA in the coffee samples was determined by HPLC following interpolation 

from a standard curve (Appendix 7). The maximum amount of CGA was found in sample C1 

with a concentration of 38.15±1.75 mg/g coffee. The C1 sample was a mix of green 

(unroasted) and roasted beans, of which the unroasted beans may have contributed to high 

CGA concentration. A similar concentration of CGA (35 mg/g) was reported by Ludwig et al. 

(2014) in the same brand of coffee. In contrast, the CGA concentrations in samples C2 and 

C3 were 8.811±0.395 and 12.298±1.01 mg/g, respectively. These two samples were 

completely roasted, indicating that CGA might have degraded during roasting. A similar 

amount of CGA in regular ground-coffee was previously reported to range from 2.10 to 17.1 

mg/g and the variation was significantly affected by roasting time and temperature (Fujioka 

& Shibamoto, 2008). Since the highest amount of CGA was detected in sample C1, this 

sample was selected for addition to yogurt as the desired amount of CGA could be delivered 

using the least amount of coffee.  

Curcumin C
3
 complex

®
 AU has been used in several animal and clinical studies and has been 

reported to successfully deliver the desired health benefits of curcumin (Ganjali et al., 2014; 

Kanai et al., 2011; Lev-Ari et al., 2005; Panahi, Badeli, Karami, & Sahebkar, 2015; Panahi, 

Mahboobeh Sadat Hosseini, et al., 2015; Panahi et al., 2016; Ringman et al., 2012). Thus, in 

this study Curcumin C
3
 complex

®
 AU was used to introduce curcumin in yogurt. The amount 

of curcumin in Curcumin C
3
 complex

®
 AU was quantified using HPLC (Appendix 7) and 

was found to be 790.36± 1.29 mg/g.         

5.2.1.2 Sensory characteristics of coconut cream yogurt with added CGA and curcumin  

Different samples of coconut yogurt were prepared by adding 100, 150, 200 and 300 mg of 

each curcumin and CGA per 150 g coconut cream. As the concentrations of curcumin and 

CGA were increased from 100 to 300 mg, the sensory parameters of the coconut yogurt were 

adversely affected. A combination of yellow-orange turmeric (for curcumin) with brown 

coffee (for CGA) resulted in mustard-brown coloured coconut yogurt. All the sensory 

panellists (n=5) liked coconut yogurt containing the bioactive compounds as the appearance 

was more natural than the control (without bioactive compound) which appeared artificial. 

The samples containing 100 and 150 mg of each bioactive compound had a clean and 
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homogenous appearance. In contrast, samples containing 200 or 300 mg of curcumin and 

CGA produced a dark, bubbly and heterogeneous appearance. In the latter samples, very 

distinct dark brown patches and small insoluble granules of curcumin were observed. Phase 

separation was also noticed in the samples with 300 mg of each the compounds. Thus, based 

on appearance, the yogurt samples containing 100 and 150 mg of the bioactives were most 

liked by the panellists.    

Upon tasting, all the samples were described as having a creamy to smooth mouthfeel. The 

‗coconut taste‘ of all the samples containing the bioactive compounds was less intense than 

the control, and was well-liked by all the panellists. The bioactive ingredients added to the 

yogurt may have masked the coconut taste and thus, was less intense in bioactive containing 

samples. The sample with 100 mg of curcumin and CGA produced a firm and compact gel 

with a clean flavour of each ingredient. The 100 mg bioactive sample had a balanced sour 

flavour and no aftertaste. In contrast, the coffee flavour was dominant in the samples with 

150, 200 and 300 mg of each bioactive and had a bitter aftertaste. The intensity of coffee 

flavour and bitterness increased as the concentration of the bioactive compounds increased. 

The sample with 150 mg of each bioactive produced a thick gel structure similar to the 

sample with 100 mg of bioactives but had an undesirable aftertaste and lack clean flavour of 

each ingredient. Samples containing 200 and 300 mg of each bioactive compound resulted in 

a thin and watery texture which resembled a fermented beverage rather than a set yogurt. 

Based on the overall sensory profile, panellists indicated that they would buy the yogurt 

samples with 100 and 150 mg curcumin and CGA but not the other two samples (200 and 

300 mg).  

The comments received from sensory panellists were used to design a Pugh decision matrix 

(Table 5.1) which helped in screening the most promising sample based on sensory attributes 

(Cervone, 2009). The Pugh decision matrix is a quantitative technique commonly used to 

handle data and choose between a list of alternatives based on specific criteria. In Table 5.1, 

1: parameter liked by panellists; -1: parameter not liked by panellists, and 0: parameter 

neither liked nor disliked by panellists. The highest score of 5 was calculated for coconut 

yogurt sample with 100 mg each of curcumin and CGA, hence this concentration was 

selected for further experiments.     
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Table 5.1: Pugh decision matrix for screening coconut yogurt fortified with curcumin and 

chlorogenic acid (CGA). 

Amount (mg/150g) Appearance Flavour Texture Taste Overall 

Acceptance 

Total 

score Curcumin CGA 

100 100 1 1 1 1 1 5 

150 150 1 0 1 -1 1 2 

200 200 -1 -1 -1 -1 -1 -5 

300 300 -1 -1 -1 -1 -1 -5 

 

5.2.1.3 Effect of bioactive compounds on fermentation of coconut cream 

(a) Growth of L. bulgaricus and S. thermophilus  

The growth of starter culture bacteria i.e. L. bulgaricus and S. thermophilus was monitored 

every 2 h during 8 h fermentation and the results are shown in Figure 5.1. As the 

fermentation time progressed, the viable cell counts (log cfu/g) of both starter culture bacteria 

increased, but at different rates, with the growth of S. thermophilus always being higher than 

L. bulgaricus. At t=0 h, L. bulgaricus count was 6.7-6.8 log cfu/g and increased to 7.36-7.44 

log cfu/g at the end of fermentation. While S. thermophilus grew significantly (p≤0.05) from 

6.88-6.93 log cfu/g (at t=0 h) to 9.64-9.70 log cfu/g within 6 h of fermentation. The viable 

count of S. thermophilus further increased to 9.81-9.85 log cfu/g at t=8 h but was not 

significantly (p≤0.05) higher than growth at t=6 h. There was no significant difference 

(p≤0.05) in the growth of bacteria in each of the four samples at each time point, indicating 

that addition of curcumin and CGA to coconut cream did not inhibit bacterial growth.          

It is well-documented that the initial phase of fermentation is dominated by S. thermophilus 

and later by L. bulgaricus (Aguirre-Ezkauriatza et al., 2008). The starter culture bacteria have 

symbiotic growth. During fermentation, the proteolytic activity of L. bulgaricus produces 

amino acids such as valine and histidine which are rapidly consumed by S. thermophilus for 

its growth (Horiuchi & Sasaki, 2012; Mahdian & Tehrani, 2007). The fast growth of S. 

thermophilus during fermentation acidifies the environment which limits its own growth but 

favours the growth of L. bulgaricus (Mahdian & Tehrani, 2007; Rajagopal & Sandine, 1990).  
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Figure 5.1: Viable cell counts of (A) L. bulgaricus and (B) S. thermophilus in coconut cream 

yogurt (with or without bioactive compounds) during fermentation at 42±1ºC for 8 h. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.     

 

(b) Development of acidity   

During the fermentation process, L. bulgaricus and S. thermophilus utilise the sugars in the 

medium to produce acids thereby creating an acidic environment (Aguirre-Ezkauriatza et al., 

2008). Changes in the acidity during fermentation were studied by monitoring pH, and 

titratable acidity and the results are presented in Figure 5.2. The initial pH of coconut cream 

was 5.85±0.02, which decreased significantly (p≤0.05) to 5.71±0.06 and 5.66±0.02 in the 

samples immediately following the addition of CGA and curcumin + CGA, respectively, at 

t=0 h. However, the addition of curcumin did not produce any significant (p≤0.05) decrease 

in the initial pH of coconut cream. As fermentation progressed, a drop in pH was observed 

for all the samples (Figure 5.2A). This decrease in pH could be accounted to an increase in 

the viable cell counts of L. bulgaricus and S. thermophilus. By the end of 8 h of fermentation, 

the pH for all the samples was between 4.35-4.44. According to the Food Standard Code, the 

pH of the yogurt sample should not exceed 4.50 in order to maintain food safety (Donkor, 

Henriksson, Vasiljevic, & Shah, 2006). In addition, a decrease in pH is important for gel 

formation because at isoelectric point (pH 4.6 for casein) the electric repulsion decreases, 

thereby facilitating protein-protein interactions (Lee & Lucey, 2010).   
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Figure 5.2: Changes in (A) pH and (B) titratable acidity of coconut cream yogurt (with or 

without bioactive compounds) during fermentation at 42±1ºC for 8 h. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.   

 

The titratable acidity of yogurt refers to the amount of lactic acid and other organic acids 

produced by the action of starter bacteria on sugar during fermentation (Tamime & Robinson, 

2007), and it is inversely proportional to pH (Güler-Ak n & Ak n, 2007). At t=0 h, titratable 

acidity for the samples with CGA and CGA+ curcumin was 0.21 % which was significantly 

(p≤0.05) higher than the sample with curcumin alone or the control (without bioactive 

compound). In addition to CGA, other organic acids such as citric and acetic acids present in 

coffee powder may have contributed to the initially higher titratable acidity (Tan & Korel, 

2007). However, during fermentation, the titratable acidity for all the samples increased 

(Figure 5.2B) to 0.62-0.64 % after 8 h. Similar trends in change in pH and titratable acidity 

were previously reported (Horiuchi & Sasaki, 2012; Jaziri, Ben Slama, Mhadhbi, Urdaci, & 

Hamdi, 2009; Rysstad, Knutsen, & Abrahamsen, 1990).             

(c) Change in colour 

Fortification of coconut cream with curcumin and CGA resulted in visual colour changes 

(Figure 5.3). Addition of curcumin imparted a yellow-orange colour whereas CGA produced 

a brown colour to the white coconut cream. The colour of samples with curcumin and 

curcumin + CGA altered throughout the fermentation, while the colour of the control and 
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CGA sample was relatively stable. The change in colour was monitored by measuring the L*, 

a* and b* values (Figure 5.4). L* referrers to the lightness (100) and darkness (0), a* 

indicates red (positive value) and green (negative value) colour and b* indicates yellow 

(positive value) and blue (negative value) colour (Tan et al., 2018). L* values were stable in 

all the samples throughout 8 h of fermentation. The control and curcumin alone samples were 

very bright (L*>90) but the brightness was reduced (L*<75) in samples containing CGA and 

curcumin + CGA (Figure 5.4A). a* and b* values for control and CGA samples were stable 

during fermentation (Figure 5.4B,C). However, a* and b* values for the samples with added  

 

 
Figure 5.3: Visual changes in the colour of coconut cream yogurt (with or without bioactive 

compounds) during fermentation at 42±1ºC for 8 h. 
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curcumin changed from -3.22±0.08 to -8.79±0.15 and 18.56±0.01 to 29.83±0.32, 

respectively, between 0 to 8 h of fermentation. As observed in section 5.2.1.3(b), as the 

fermentation time progressed, the pH decreased and the change in pH affects the stability and 

solubility of curcumin in the medium (Nelson et al., 2017) which may have an influence on 

a* and b* values. A similar trend in a* and b* values was observed for curcumin + CGA 

sample which might be due to the presence of curcumin.    

 

 
Figure 5.4: Changes in (A) L*, (B) a* and (C) b* values of coconut cream yogurt (with or 

without bioactive compounds) during fermentation at 42±1ºC for 8 h. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.   
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5.2.2 Stage 2: Stability of coconut yogurt with added bioactive compounds 

during storage at 4±1°C for 15 days 

(a) Survival of L. bulgaricus and S. thermophilus  

Viable cell counts for L. bulgaricus and S. thermophilus during storage are shown in Figure 

5.5. A decrease in the bacterial count was observed in the control and the bioactive 

containing samples. Survival of starter culture bacteria in the yogurt sample can be influenced 

by several factors including pH, presence of dissolved oxygen, duration of fermentation, 

production of acids, storage time, and temperature, and availability of sugars and nutrients 

(Azizkhani & Parsaeimehr, 2018; Sharma & Singh Saharan, 2014; Zaręba & Ziarno, 2017). 

In general, viable cell counts decreases during refrigerated storage (Yaakob et al., 2012). 

However, it has been suggested that the yogurt samples should contain at least 10
6
 cfu/g of 

cells by the end of shelf-life (FAO/WHO, 2001). In our study, coconut yogurt supplemented 

with curcumin and CGA had more than 10
8
 cfu/g S. thermophilus and 10

6
 cfu/g L. bulgaricus 

at the end of 15 days refrigerated storage period.      

 

 
Figure 5.5: Viable cell counts of (A) L. bulgaricus and (B) S. thermophilus in coconut cream 

yogurt (with or without bioactive compounds) during storage at 4±1ºC for 15 days. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.   
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In the control sample, L. bulgaricus decreased from 7.223±0.279 to 6.840±0.301 log cfu/g 

within 5 days of storage. However, a significant (p≤0.05) decrease to 6.703±0.3 log cfu/g was 

observed only on day 15. Further, the decline in cell counts for S. thermophilus was not 

significant (p≤0.05) at day 15. The consistent decrease in bacterial count could be due to a 

decrease in fermentable sugars and the increase in acidity of the yogurt (Tavakoli, Habibi 

Najafi, & Mohebbi, 2019). Several studies have previously reported similar decreases in 

starter culture bacteria during storage at refrigerated conditions (Güler-Ak n & Ak n, 2007; 

Ng, Yeung, & Tong, 2011; Turgut & Cakmakci, 2018; Zaręba & Ziarno, 2017). A similar 

trend of decrease in the bacterial count was observed in coconut yogurt containing curcumin 

+ CGA, hence the addition of these bioactive compounds did not appear to have any effect on 

the survival of L. bulgaricus and S. thermophilus. 

(b) Acidity 

During storage, small changes in pH and titratable acidity were observed (Figure 5.6). The 

pH of the control and bioactive containing samples significantly (p≤0.05) decreased, while 

the titratable acidity significantly (p≤0.05) increased. The pH and titratable acidity of the 

control sample changed from 4.387±0.029 to 4.310±0.016 and 0.650±0.006 to 0.683±0.006 

%, respectively, between day 1 and day 15. While in the sample with curcumin + CGA the 

pH decreased from 4.410±0.022 to 4.333±0.025 and titratable acidity increased from 

0.626±0.004 to 0.66±0.004 % by the end of the storage period. These changes in acidity were 

most likely due to the active metabolism of bacteria that utilises sugars to produce acids post-

fermentation (Dai, Corke, & Shah, 2016). Since the changes in pH were same for all the 

samples, it may be concluded that curcumin + CGA did not have any impact on the acidity 

during storage.            

Similar results for acidity have been previously reported in yogurt-related studies (Dabija, 

Codină, Ropciuc, Gâtlan, & Rusu, 2018; Mosiyani, Pourahmad, & Eshaghi, 2017; O'Sullivan 

et al., 2016; Petrotos et al., 2012; Turgut & Cakmakci, 2018). Tan and Korel (2007) reported 

a decrease in pH from 4.56 to 4.21 and increase in titratable acidity from 1.22 % to 1.42 % by 

the end of 15 days storage of milk yogurt supplemented with coffee. In comparison, the 

changes observed in our study were small. Coconut naturally contains minerals that may have 

provided a buffering capacity and anti-microbial compounds that slow down the growth of 

starter culture bacteria, thereby reducing the rate of acidification post-fermentation 

(Lutchman et al., 2006; Singh, 2018).    
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    Figure 5.6: Changes in (A) pH and (B) titratable acidity of coconut cream yogurt (with or 

without bioactive compounds) during storage at 4±1ºC for 15 days. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.   

 

(c) Colour 

Colour is an important parameter that may influences the initial judgement of a consumer 

about purchasing a food product. Changes in colour during storage can indicate visual 

deterioration of a sample (Coggins, Rowe, Wilson, & Kumari, 2010; Yaakob et al., 2012). 

The changes in L*, a* and b* values for control and bioactive containing samples are 

presented in Figure 5.7. During storage, there was no significant change (p≤0.05) in L* 

(97.117 to 97.727), a* (-0.350 to -0.430) and b* (3.570 to 4.620) values for the control 

sample. In contrast, significant changes (p≤0.05) in a* and b* values were observed on the 

10
th

 day of storage in the sample containing curcumin + CGA. The decrease in a* values and 

increase in b* values indicated that the yogurt sample became more yellow and green during 

storage. A possible reason for these changes may be the structural changes in light scattering 

bioactive compounds due to the decrease in pH (Tan et al., 2018). However, the brightness of 

the yogurt sample with added bioactive compounds was stable (p≤0.05) during storage.   
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Figure 5.7: Changes in (A) L*, (B) a* and (C) b* values of coconut cream yogurt (with or 

without bioactive compounds) during storage at 4±1ºC for 15 days. 

Note: Data represents the mean of three biological replicates and three assay replicates with 

error bars corresponding to standard deviation. Raw data and statistically analysed data are 

shown in Appendix 8.   

       

(d) Syneresis  

Syneresis is an important parameter that describes the quality of yogurt during storage 

(Shakerian et al., 2015). Spontaneous syneresis is the separation of serum without any 

external force and is related to gel instability and its poor serum retention capacity (Lucey, 

Munro, & Singh, 1998). Many previous studies have measured syneresis in set yogurt using 

centrifugation as an external force (Vasiljevic, Kealy, & Mishra, 2007; Zainoldin & Baba, 

2009). However, this method is not directly related to spontaneous syneresis for set yogurts 
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as it measures water-holding capacity and resistance of the gel to external force (Lee & 

Lucey, 2010). Alternatively, quantifying the spontaneous syneresis of set yogurt by 

measuring the surface serum that oozed out from the gel is a better method (Lee & Lucey, 

2006) and thus was used in this study.    

The results obtained for syneresis in the control and the bioactive containing yogurt samples 

during 15 days of storage are shown in Figure 5.8.  No significant change (p≤0.05) in the 

serum separation was observed in either of the samples throughout the storage period. 

However, previous studies have reported that syneresis in set yogurt tends to increase with 

storage time (Estrada, Boeneke, Bechtel, & Sathivel, 2011; Supavititpatana, Wirjantoro, & 

Raviyan, 2010; Vasiljevic et al., 2007). The level of syneresis is related to the increase in 

rearrangements of the gel matrix (Lucey et al., 1998), which can be influenced by several 

factors such as fermentation temperature, storage time, pH of yogurt and total solids 

(Vareltzis, Adamopoulos, Stavrakakis, Stefanakis, & Goula, 2016). A small change in pH can 

disrupt the gel structure by altering the charge on proteins and dissolving the calcium and 

phosphate ions (Dönmez, Mogol, & Gökmen, 2017; Lucey, 2002). However, in this study 

despite a significant (p≤0.05) decrease in pH during storage (section 5.2.2.b) the syneresis 

level remained stable. One possible reason for this behaviour could be the high total solids 

(26 % w/w fat and 2% w/w protein) present in the coconut cream. Tavakoli et al. (2019) 

reported a significant (p≤0.05) decrease in syneresis of the yogurt samples with an increase in 

fat content from 0.5-3.5% over 21 days of storage period. A similar decrease in the level of 

syneresis on increasing total solids has also been reported in several other studies 

(Amatayakul, Sherkat, & Shah, 2006; Izadi, Nasirpour, Garoosi, & Tamjidi, 2015; Sahan, 

Yasar, & Hayaloglu, 2008).  

The level of syneresis in yogurt samples with added curcumin + CGA was slightly lower than 

the control sample. This could be possibly due to an increase in total phenolic content. 

Addition of phenolic compounds has been shown to result in protein-polyphenol interactions 

which strengthens the gel structure and helps in serum retention (Siebert, Troukhanova, & 

Lynn, 1996). Dönmez et al. (2017) reported a decrease in the rate of syneresis in milk yogurt 

on the addition of 1 and 2 % green coffee powder during 21 days of storage. 
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Figure 5.8: Syneresis (%) in coconut cream yogurt (with or without bioactive compounds) 

during storage at 4±1ºC for 15 days. 

Note: Data represents the mean of three biological replicates with error bars corresponding to 

standard deviation. Raw data and statistically analysed data are shown in Appendix 8.   

 

(e) Firmness 

Firmness is another important physical parameter closely related to the gel microstructure 

(Izadi et al., 2015) that can influence the acceptability of yogurt. The firmness of yogurt 

samples measured during storage is shown in Figure 5.9. In both samples, a significant 

(p≤0.05) increase in gel firmness was observed on the 5
th

 day of storage. In the control 

sample gel firmness increased from 33.800±0.899 g to 38.757±0.366 g, while in the bioactive 

containing samples, it increased from 29.183±0.274 g to 36.067±0.149 g towards the end of 

the storage period. Moreover, the firmness of the control sample was slightly higher than the 

curcumin + CGA containing sample, indicating a possible negative impact of the bioactive 

compounds on firmness. Yogurt is a protein gel with entrapped serum, and the gel strength 

can be affected by the type and amount of fat and protein (Tan et al., 2018). The increase in 

acidity of yogurt samples (section 5.2.2.b) during storage can influence the net charge on the 

protein that might cause an increase in gel strength (Singh, 2018). Sahan et al. (2008) 

reported that gel firmness was not affected during storage in β-glucan added to low-fat 

yogurt. Several studies have reported a decrease in the strength of set yogurt during 



106 
 

refrigerated storage (Paseephol, Small, & Sherkat, 2008; Salvador & Fiszman, 2004; Tan et 

al., 2018). However, the reason for an increase in firmness in this study is not fully 

understood.  

 

 
     Figure 5.9: Firmness (g) (A) of coconut cream yogurt (with or without bioactive 

compounds) during storage at 4±1ºC for 15 days. (B) Typical texture profile plot for yogurt 

with added curcumin and CGA at day 5. 

Note: Data represents the mean of three biological replicates with error bars corresponding to 

standard deviation. Raw data and statistically analysed data are shown in Appendix 8.   

        

(f) Retention of curcumin and CGA in yogurt 

The amounts of curcumin and CGA retained in the yogurt during refrigerated storage were 

analysed using HPLC and the results are shown in Figure 5.10. The retention (%) of 

curcumin and CGA are expressed with reference to the amount available on day 1. The 

amount of curcumin and CGA in yogurt sample decreased as storage time increased, with the 

degradation of curcumin being more rapid than CGA. The retention of curcumin significantly 

(p≤0.05) decreased on day 5, while CGA was significantly (p≤0.05) reduced on day 15. 

Curcumin decreased to 66.61±1.49 % on day 5, which further reduced to 63.31±3.20 % on 

day 15. In contrast, the amount of CGA on day 5 and day 15 was 90.23±5.47 % and 

84.81±3.17 % respectively. The retention of curcumin and CGA in yogurt sample may be 

attributed to the stability of bioactive compounds in an acidic environment and their 
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solubility in the fat matrix (Akulov et al., 2014; Helal & Tagliazucchi, 2018; Kharat, Du, 

Zhang, & McClements, 2017).           

It should be noted that during the extraction of the bioactive compounds from the yogurt 

samples ultra-sonication was used to improve the extraction process (Saleh et al., 2016). 

However, it is possible that some fraction of the bioactive compounds may have been 

strongly bound in the protein matrix and could not be extracted. For example, the addition of 

milk to cinnamon beverage could reduce the total polyphenol content by 28 % as tannins in 

the cinnamon form an insoluble complex with milk proteins (Helal, Tagliazucchi, Verzelloni,  

& Conte, 2014). In addition, the extent of the interactions between proteins and bioactive 

compounds are high in an acidic environment such as in yogurt (Hagerman & Butler, 1978). 

Therefore, the bioactive compounds strongly bound in the protein matrix could be a potential 

source of error while quantifying their amount retained in the yogurt sample.     

 

 
 Figure 5.10: (A) Retention (%) of curcumin and CGA in coconut cream yogurt during 

storage at 4±1ºC for 15 days. HPLC chromatogram for (B) curcumin and (C) CGA.  

Note: Data represents the mean of three biological replicates with error bars corresponding to 

standard deviation. Raw data and statistically analysed data are shown in Appendix 8.   

(g) Consumer sensory evaluation       

Sensory properties of a product can strongly influence its acceptance by the consumer. 

Addition of plant-based compounds into dairy products can result in an unpleasant colour and 
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off-flavours which may have a negative impact on their organoleptic properties (Zoidou et 

al., 2014). Thus, the effect of curcumin and CGA as functional ingredients on the sensory 

acceptance of coconut yogurt was studied. In this study, appearance, mouthfeel, texture, 

flavour and overall acceptability of control and bioactive containing sample were evaluated 

by panellists (n=100) and results are shown in Figure 5.11. 

        

 
Figure 5.11: Spider web showing the average sensory score for (A) control (B) curcumin and 

CGA added yogurt during storage at 4±1ºC for 15 days.  

Note: Data represents the mean score of sensory panellists (n=100). Raw data and 

statistically analysed data are shown in Appendix 8.   
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The average score for overall acceptability of the control and bioactive added yogurt samples 

was 6.6±1.1 and 6.4±1.1, respectively, on a 9-point hedonic scale. This indicated that the 

addition of curcumin and coffee did not have any negative impact on the acceptance of 

coconut yogurt. It must be noted that there were small changes in mean scores for all the 

attributes during storage in both the samples, but these changes were not statistically 

significant. Moreover, there was no significant difference in the scores between the two 

samples for any attribute. The panellists scored slightly high for the appearance of the control 

sample (6.4±1.5) than the bioactive containing sample (6.1±1.3). The average scores for 

mouthfeel, texture and flavour for bioactive added sample were 6.6±0.9, 6.6±0.8 and 6.6±1.3, 

respectively. The mean scores by the panellists for all the parameters throughout the study 

were between 6 to 7 (Appendix 8).  

Previous reports on coconut added to fermented dairy products showed similar high sensory 

score (Gad, Kholif, & Sayed, 2010; Ndife et al., 2014; Sanful, 2009; Shana et al., 2015). 

Some panellists described the samples as creamy probably due to the high fat content in the 

coconut cream. None of the panellists reported any unpleasant off-flavour or undesirable 

texture in either of the sample. Thus, the sensory profile was unaltered during the storage 

period. 

5.3 Summary  

In this study, a coconut yogurt (150 g) fortified with 100 mg of curcumin and CGA was 

developed and their effects on physico-chemical, microbial and sensory parameters were 

studied over a 15 days refrigerated storage period. Addition of bioactive compounds did not 

have any significant (p≤0.05) effects on fermentation of coconut cream yogurt. However, 

they did impart a mustard-brown colour which was liked by the sensory panellist. During 

refrigerated storage significant (p≤0.05) changes in acidity, viable cell counts of starter 

culture bacteria and gel firmness were observed in control and test samples, while syneresis 

remained stable. Retention of curcumin and CGA was high in coconut yogurt, accounting for 

about 63 % and 85 %, respectively, by the end of storage. Importantly, the coconut yogurt 

containing bioactives was found to be acceptable in consumer sensory evaluations. Thus, 

coconut yogurt may be a potential medium to deliver curcumin and CGA to consumers.        
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  CHAPTER 6 
Conclusion  

 

This study demonstrated that in an in vitro model of LPS stimulated THP-1 macrophages 

treatment with curcumin and CGA (1:1) could synergistically reduce the production of a pro-

inflammatory cytokine TNF-α. This combination was effective in downregulating mRNA 

expression of pro-inflammatory cytokines and COX-2 enzyme by suppressing the NF-κB 

pathway. Further, the incorporation of curcumin and CGA in coconut yogurt did not affect 

the fermentation process. About 63 % curcumin and 85 % CGA were retained in the yogurt 

samples at the end of refrigerated storage for 15 days. The fermented non-dairy product had 

acceptable physico-chemical, microbiological and sensory attributes during storage. The 

coconut yogurt with added curcumin and CGA is a functional product that could confer anti-

inflammatory therapeutic benefits to the consumers.    
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CHAPTER 7 
Recommendations 

 

The following recommendations are proposed for future studies: 

 In this study, the protective effect of CGA against LPS toxicity in THP-1 monocyte cells 

was reported for the first time. Further work is required to understand the underlying 

mechanisms of action for this effect. 

 

 The combination of curcumin and CGA was able to suppress mRNA expression of 

several biomarkers involved in the NF-κB pathway. In addition, the effect of the 

combination on other inflammatory pathways such as MAPK and JNK STAT should be 

investigated at both the protein and mRNA levels. In addition, the anti-inflammatory 

effects of the proposed combination should be studied using in vivo models.   

 

 Previous reports have documented that the delivery of bioactive compounds via food 

matrices may improve the bioaccessibility of the compound in humans. Therefore, the 

bioavailablity of curcumin and CGA delivered via coconut yogurt should be studied 

using in vitro and in vivo models to determine the delivery efficacy of the proposed 

matrix. 

 

 Functional coconut yogurt with added curcumin and CGA was developed to deliver anti-

inflammatory health benefits. Thus, it would be desirable to evaluate the anti-

inflammatory activity of this product in clinical trials.     
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 Appendix 1 

Permission to Reproduce Images 

 

 

 

 

Reproduced as: Figure 2.4: Degradation of curcumin (a) at alkaline pH; (b) autoxidation in 

solvent; (c) photo-oxidation when in crystalline or aqueous state; and (d) photo-oxidation 

when is specific solvent like isopropanol.  Chapter 2, Literature Review, Section 2.5.1 
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Reproduced as: Figure 2.7: (a) Chemical structure of lupeol, and (b) key steps of mevalonate 

(MVA) biosynthesis pathway of lupeol in plant cells. Chapter 2, Literature Review, Section 

2.5.3 
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Appendix 2 

Protocol for Counting Cells using Haemocytometer 

 

Step 1: Mix equal volume of trypan blue and cell solution and let it rest for 2-3 minutes at 

room temperature.  

Step 2: Load both the chambers of haemocytometer by pipetting 10 µl of mixture under the 

coverslip. 

Step 3: Place the haemocytometer under the microscope. 

Step 4: Counting the cells. Each chamber is divided into grid pattern consisting of 9 large 

square box (Figure A1.1).  Each box can hold equal volume of 10
-4

 ml. Count both, viable 

and non-viable cells in all large corner square (A, B, C and D in Figure A1.1) of each 

chamber.  

Note: The dead cell are stained blue as trypan blue can penetrate them while viable cell 

restrict trypan blue and appear unstained.  

Step 5: Calculations. Let there were x total viable and y total non-viable cells counted in 4 

squares (A, B, C and D). Therefore: 

a) Percentage of viable cells:  
 

   
  100 

b) Average number of cells per square:  
 

                       
    

   (4 boxes counted in this case) 

c) Dilution factor:   
                       

                       
  

(Since equal volume of trypan blue and cell solution were mixed in this 

case so dilution factor is 2)  

d) Concentration of viable cells/ml: 

                                   t       t        
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Figure A2.1: Grid pattern in haemocytometer with viable and non-viable cells. 
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Appendix 3 

qRT-PCR Experimental Design  

 

I. Experimental Properties  

  

 

II. Plate Setup 
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III. Run Method 
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IV. Reaction Setup 
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Appendix 4 

Documents for Consumer Sensory Test  

PARTICIPANT INFORMATION SHEET 

Project Title:  Development of coconut yogurt supplemented with curcumin (turmeric)                  

and coffee 

Locality:  Massey University, Auckland 

Lead investigator: Akshay Bisht           Email: bishtakshay51@gmail.com 

Researcher Introduction 

My name is Akshay Bisht, a Master of Food Technology student at School of Food and 

Advanced Technology (SFAT), Massey University. My supervisors are Dr. Tony 

Mutukumira, A/Prof. Kay Rutherfurd, Dr. Martin Dickens and Dr. Rohith Thota 

Project Description and Procedure 

The main aim of this study is to develop a coconut yogurt supplemented with food-grade 

curcumin (turmeric) and coffee. Specific objectives of this research include optimising the 

concentration of turmeric and coffee in yogurt and evaluation of physico-chemical, 

microbiological and sensory properties of the final formulation. 

You are invited to participate in consumer sensory test to help us determine the acceptance of 

coconut yogurt enriched with curcumin and coffee. An ideal participant for this study would 

be person consuming any type of yogurt at least once a week. The participant is required to 

taste and evaluate the yogurt samples. Including information sheet, this will take you about 

10-15 minutes to complete the task.   

The food you will be tasting contains coconut cream, turmeric, coffee, honey and live 

probiotic culture (Lactobacillus and Streptococcus). You should not participate if you are 

allergic to or may be affected by the consumption of any of the ingredients mentioned above. 

Please provide the researcher, of any, potential cultural, religious or ethical beliefs which may 

prevent you from consuming the samples under considerations.  

The information collected in this study will be used toward partial fulfilment of the Masters 

in Food Technology. Participation in this research is completely voluntary and the participant 

is under no obligation to accept the invitation of this survey. However, if you decide to 

participate, you have right to: 
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 Withdraw from this study at any time; 

 Decline to answer any particular question; 

 Ask any further questions regarding this study at any time during participation; 

 Provide information on the understanding that your name will be kept confidential 

until and unless you give permission to the researcher; and 

 Ask for the summary and conclusion of the project once the research project has 

concluded. 

If you have any questions, concerns or complaints about the study at any stage, you can 

contact the following researchers involved in the study:  

 Akshay Bisht, Master student: bishtakshay51@gmail.com 

 Dr. Tony Mutukumira, Chief Supervisor: A.N.Mutukumira@massey.ac.nz  

 A/Prof. Kay Rutherfurd, Co-Supervisor: K.J.Rutherfurd@massey.ac.nz  

 Dr. Martin Dickens, Co-supervisor: M.Dickens@massey.ac.nz  

 Dr. Rohith Thota, Co-supervisor: R.Thota@massey.ac.nz  

 

Disclaimer: This project has been evaluated by peer review and judged to be low risk. 

Consequently it has not been reviewed by one of the University's Human Ethics Committees 

(Application no.: 4000020553). The researcher(s) named in this document are responsible 

for the ethical conduct of this research. If you have any concerns about the conduct of this 

research that you want to raise with someone other than the researcher(s), please contact 

Professor Craig Johnson, Director (Research Ethics), email humanethics@massey.ac.nz. 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:bishtakshay51@gmail.com
mailto:A.N.Mutukumira@massey.ac.nz
mailto:K.J.Rutherfurd@massey.ac.nz
mailto:M.Dickens@massey.ac.nz
mailto:R.Thota@massey.ac.nz
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PARTICIPANT CONSENT FORM 

Development of coconut yogurt supplemented with curcumin (turmeric) and coffee 

 

 I have read and understood the Information Sheet and have details of the study 

explained to me. My questions have been answered to satisfaction, and I understand 

that I may ask further questions at any time. 

 I agree to voluntarily participate in this study under the conditions set out in the 

Information Sheet. 

 I understand that I have the right to withdraw from the study at any time and to 

decline to answer any particular question. 

 I have discussed and advised the researcher of any potentially relevant cultural, 

religious or ethical beliefs that may prevent me from consuming the Food under 

consideration. 

 

Participants Signature:……………………………………………………… 

Participants Full Name:…………………………………………………….. 

Date:………………………………………………………………………... 
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SENSORY ACCEPTANCE TEST 

You will be given two coded samples. Please taste the samples and evaluate them on 

following characteristics by selecting the appropriate  attribute (✔) the best reflects your 

feelings about the respective property of the product. You may taste the sample more than 

once and also provide additional comments regarding the sample. Note: Each sample must 

be evaluated on a separate form.  

 

Name:                 Sample No.:  

 

1. How would you rate the APPEARANCE of this product? 

Dislike 

extremely 

Dislike 

very much 

Dislike 

moderately 

Disliked 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like very 

much 

Like 

extremely 

 

2. How would you rate the COLOUR of this product? 

Dislike 

extremely 

Dislike 

very much 

Dislike 

moderately 

Disliked 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like very 

much 

Like 

extremely 

         

         

3. How would you rate the TEXTURE of this product? 

Dislike 

extremely 

Dislike 

very much 

Dislike 

moderately 

Disliked 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like very 

much 

Like 

extremely 

         

 

4. How would you rate the FLAVOUR of this product? 

Dislike 

extremely 

Dislike 

very much 

Dislike 

moderately 

Disliked 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like very 

much 

Like 

extremely 

         

 

5. How would you rate the OVERALL ACCEPTANCE of this product? 

Dislike 

extremely 

Dislike 

very much 

Dislike 

moderately 

Disliked 

slightly 

Neither 

like nor 

dislike 

Like 

slightly 

Like 

moderately 

Like very 

much 

Like 

extremely 

 

Comment(s):……………………………………………………………………………………… 
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Appendix 5 

Raw and Statistically Analysed Data for In Vitro Study 

 

I) Optimisation of PMA concentration 
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0 

1 

0.006 

0.003 0.006 

1.22 

0.623 1.28 

-0.006 -1.12 

0.004 0.77 

2 

-0.002 -0.45 

0.002 0.41 

0.014 2.89 

5 

1 

0.395 

0.401 0.059 

80.61 

81.18 8.47 

0.438 82.02 

0.512 99.03 

2 

0.333 74.66 

0.358 74.74 

0.368 76.03 

25 

1 

0.438 

0.414 0.053 

89.39 

83.84 6.63 

0.467 87.45 

0.483 93.42 

2 

0.335 75.11 

0.374 78.08 

0.385 79.55 

50 

1 

0.433 

0.501 0.044 

88.37 

102.48 13.11 

0.471 88.20 

0.476 92.07 

2 

0.53 118.83 

0.542 113.15 

0.553 114.26 

100 

1 

0.542 

0.484 0.092 

110.61 

97.71 14.02 

0.585 109.55 

0.593 114.70 

2 

0.37 82.96 

0.399 83.29 

0.412 85.12 

200 

1 

0.49 

0.492 0.028 

100 

100 0 

0.534 100 

0.517 100 

2 

0.446 100 

0.479 100 

0.484 100 
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Statistical Analysis   

% Cell adherence (with respect to 200 nM dose) 

ANOVA 

Adherence 

 Sum of Squares df Mean Square F Sig. 

Between Groups 45013.794 5 9002.759 92.688 .000 

Within Groups 2913.892 30 97.130   

Total 47927.687 35    

 

Adherence 

Duncana   

PMA N 

Subset for alpha = 0.05 

1 2 3 

0 nM 6 .6227   

5 nM 6  81.1839  

25 nM 6  83.8336  

100 nM 6   97.7075 

200 nM 6   100.0000 

50 nM 6   102.4803 

Sig.  1.000 .645 .436 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 
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II) Data points for TNF-α standard curve 

TNF-α concentration 

(pg/ml) 

Absorbance (blank 

subtracted) at 450 nm 
Average absorbance Standard deviation 

500 

1.848 

1.773 0.088 1.822 

1.65 

250 

0.951 

1.043 0.066 1.097 

1.082 

125 

0.499 

0.513 0.009 0.52 

0.52 

62.5 

0.247 

0.302 0.045 0.357 

0.303 

31.3 

0.125 

0.147 0.019 0.17 

0.145 

15.6 

0.067 

0.071 0.004 0.076 

0.07 

7.8 

0.043 

0.04 0.004 0.035 

0.043 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



171 
 

III) Optimisation of TNF-α dilution factor for ELISA 
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No 

dilution 

1 
3.124 

3.18 0.272 

Above 

standard 

curve 

detection 

limit 

- - - 
3.071 

2 
3.628 

2.898 

10 times 

1 
2.481 

2.39 0.116 

Above 

standard 

curve 

detection 

limit 

- - - 
2.526 

2 
2.299 

2.254 

50 times 

1 
0.849 

0.898 0.111 

220.83 

236.62±32.25 

11041.5 

11831.13±161

2.34 

0.872 230.59 11529.5 

2 
0.789 204.9 10245 

1.082 290.17 14508.5 

100 

times 

1 
0.509 

0.505 0.052 

121.13 

120.32±14.71 

12113 

12031.5±1471

.36 

0.555 132.92 13292 

2 
0.42 96.05 9605 

0.537 131.16 13116 

200 

times 

1 
0.246 

0.258 0.014 

44.89 

49.07±4.37 

8978 

9814±873.897 
0.245 44.89 8978 

2 0.261 51.45 10290 

0.279 55.05 11010 

Statistical Analysis   

TNF-α levels (After multiplication with dilution factor) 

ANOVA 

TNF-α levels 

 Sum of Squares df Mean Square F Sig. 

Between Groups 12034999.542 2 6017499.771 2.449 .142 

Within Groups 22112943.688 9 2456993.743   

Total 34147943.229 11    

 

TNF-α levels 

Duncana   

dilution N 

Subset for alpha = 0.05 

1 

200 time 4 9814.0000 

50 time 4 11831.1250 

100 time 4 12031.5000 

Sig.  .088 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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IV) Optimisation of LPS dose for treatment of THP-1 cells 
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200 

1 
0.083 40.097 

46.243 8.240 

0.849 10495.5 

10685.25 1161.248 
0.081 36.161 0.872 10834 

2 
0.136 54.839 0.732 9072.5 

0.146 53.875 0.978 12339 

100 

1 
0.113 54.589 

55.528 1.035 

0.589 7066 

9996.00 3258.849 
0.123 54.912 1.02 7988 

2 
0.142 57.258 1.188 15437.5 

0.15 55.351 0.736 9492.5 

50 

1 
0.118 57.005 

59.467 4.123 

0.52 6351 

5052 820.527 
0.121 54.018 0.357 4213 

2 
0.159 64.113 0.423 5135 

0.17 62.731 0.381 4509 

25 

1 
0.117 56.522 

63.113 6.5739 

0.014 low 

741.3333 66.7861 
0.127 56.696 0.06 658 

2 
0.176 70.968 0.07 821.5 

0.185 68.266 0.065 744.5 

5 

1 
0.179 86.473 

72.064 14.045 

0.059 Below 

standard 

curve 

detection 

limit 

- - 
0.192 85.714 0.06 

2 
0.146 58.871 0.013 

0.155 57.196 0.006 

0 

1 
0.207 100 

100 - 

-0.005 Below 

standard 

curve 

detection 

limit 

- - 
0.224 100 -0.003 

2 
0.248 100 -0.012 

0.271 100 -0.007 
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Statistical Analysis   

Cell viability   

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 6975.171 5 1395.034 19.230 .000 

Within Groups 1305.787 18 72.544   

Total 8280.958 23    

 

Cell viability 

Duncana   

LPS N 

Subset for alpha = 0.05 

1 2 3 4 

200 ng/ml 4 46.2426    

100 ng/ml 4 55.5272 55.5272   

50 ng/ml 4 59.4666 59.4666 59.4666  

25 ng/ml 4  63.1129 63.1129  

5 ng/ml 4   72.0636  

0 ng/ml 4    100.0000 

Sig.  .051 .248 .062 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

Production of TNF-α 

ANOVA 

TNF-alpha   

 Sum of Squares df Mean Square F Sig. 

Between Groups 222918232.317 3 74306077.439 16.160 .000 

Within Groups 50580822.917 11 4598256.629   

Total 273499055.233 14    

 

TNF-alpha 

Duncana,b   

LPS N 

Subset for alpha = 0.05 

1 2 3 

25 ng/ml 3 741.3333   

50 ng/ml 4  5052.0000  

100 ng/ml 4   9996.0000 

200 ng/ml 4   10685.2500 

Sig.  1.000 1.000 .671 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.692. 

b. The group sizes are unequal. The harmonic mean of the group sizes is 

used. Type I error levels are not guaranteed. 
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V) Optimisation of LPS incubation time for THP-1 cells 
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6 

1 
0.236 38.562 

35.703 2.917 

0.257 3070.25 

3212.325 171.3376 
0.196 32.026 0.286 3303.65 

2 
0.206 33.660 0.295 3447 

0.236 38.562 0.274 3028.4 

4 

1 
0.3 49.019 

52.696 2.199 

0.287 3351.55 

3188.425 314.3544 
0.33 53.922 0.275 3303.65 

2 
0.325 53.105 0.293 3447.15 

0.335 54.739 0.228 2651.35 

2 

1 
0.311 50.817 

55.678 4.611 

0.187 2093.2 

1709.813 319.6801 
0.336 54.902 0.162 1813.45 

2 
0.329 53.758 0.102 1208.95 

0.387 63.235 0.157 1723.65 

1 

1 
0.357 58.333 

63.358 4.199 

0.173 391.43 

371.655 12.26826 
0.428 69.935 0.166 372.26 

2 
0.379 61.928 0.15 362.68 

0.387 63.235 0.151 360.25 

0.5 

1 
0.51 83.333 

75.939 4.609 

0.002 Below 

standard 

curve 

detection 

limit 

- - 
0.442 72.222 -0.008 

2 
0.44 71.895 0.002 

0.467 76.307 -0.002 

0 

1 
0.559 91.339 

100.00 7.295 

-0.006 Below 

standard 

curve 

detection 

limit 

- - 
0.577 94.281 -0.008 

2 
0.644 105.228 0.003 

0.666 108.824 0.001 
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Statistical Analysis   

Cell viability 

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 9723.122 5 1944.624 69.062 .000 

Within Groups 506.836 18 28.158   

Total 10229.959 23    

 

Cell viability 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

6 h 4 35.7026     

4 h 4  52.6961    

2 h 4  55.6781 55.6781   

1 h 4   63.3578   

0.5 h 4    75.9395  

0 h 4     99.9183 

Sig.  1.000 .437 .056 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 
Production of TNF-α 

ANOVA 

TNF-alpha   

 Sum of Squares df Mean Square F Sig. 

Between Groups 22238674.724 3 7412891.575 96.471 .000 

Within Groups 922084.538 12 76840.378   

Total 23160759.263 15    

 

TNF-alpha 

Duncana   

time N 

Subset for alpha = 0.05 

1 2 3 

1 h 4 371.6550   

2 h 4  1709.8125  

4 h 4   3188.4250 

6 h 4   3212.3250 

Sig.  1.000 1.000 .905 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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VI) Treatment of cells with curcumin 
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25 

1 

0.183 65.125 

73.824 7.456 

0.21 1824.55 

1701.933 82.296 

0.188 66.904 0.192 1774.4 

0.189 67.26 0.181 1623.9 

2 

0.221 78.648 0.2 1724.25 

0.198 70.462 0.199 1623.9 

0.213 75.801 0.175 1623.9 

3 

0.198 70.462 0.175 1623.9 

0.226 80.427 0.195 1674.05 

0.251 89.324 0.2 1824.55 

10 

1 

0.197 70.108 

71.609 3.803 

0.563 4721.25 

4620.95 66.867 

0.189 67.26 0.534 4570.8 

0.204 72.598 0.545 4620.95 

2 

0.194 69.039 0.538 4520.65 

0.192 68.327 0.546 4620.95 

0.191 67.972 0.557 4721.25 

3 

0.208 74.021 0.553 4671.1 

0.219 77.936 0.532 4570.8 

0.217 77.224 0.546 4570.8 

5 

1 

0.2 71.174 

78.806 8.131 

0.749 6439 

6373.722 174.941 

0.215 76.512 0.74 6288.75 

0.198 70.462 0.729 6244.85 

2 

0.208 74.021 0.761 6683.75 

0.206 73.31 0.764 6539.6 

0.209 74.377 0.75 6489.4 

3 

0.241 85.765 0.744 6389.1 

0.261 92.882 0.71 6094.35 

0.255 90.747 0.726 6194.7 

2.5 

1 

0.245 87.189 

93.673 5.431 

0.914 8012.8 

7667.406 153.678 

0.266 94.662 0.871 7668.15 

0.23 81.85 0.867 7618 

2 

0.271 96.441 0.871 7718.3 

0.271 96.441 0.885 7762 

0.264 93.95 0.858 7567.8 

3 
0.263 93.594 0.844 7423.6 

0.279 99.288 0.851 7567.85 

0.28 99.644 0.857 7668.15 

1 

1 

0.239 85.053 

88.177 5.523 

0.918 8041.5 

7724.606 215.473 

0.225 80.071 0.855 7467.5 

0.23 81.85 0.906 8107.05 

2 

0.24 85.409 0.854 7517.65 

0.247 87.901 0.879 7771.5 

0.248 88.256 0.872 7668.15 

3 

0.26 92.527 0.884 7812.4 

0.273 97.153 0.854 7567.85 

0.268 95.374 0.858 7567.85 

0 1 

0.228 100 

100 0 

0.868 7718.3 

7972.322 209.113 0.243 100 0.939 8257.5 

0.249 100 0.928 8257.5 
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2 

0.304 100 0.92 8155 

0.332 100 0.888 7862.5 

0.331 100 0.876 7668.15 

3 

0.267 100 0.91 8013 

0.29 100 0.887 7812.35 

0.286 100 0.911 8006.6 

 

Statically Analysis 

Cell viability 

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5853.253 5 1170.651 31.831 .000 

Within Groups 1765.316 48 36.777   

Total 7618.569 53    

 

Cell viability 

Duncana   

Curcumin N 

Subset for alpha = 0.05 

1 2 3 4 

10 µM 9 71.6093    

25 µM 9 73.8236 73.8236   

5 µM 9  78.8059   

1 µM 9   88.1771  

2.5 µM 9   93.6734  

0 µM 9    100.0000 

Sig.  .442 .088 .060 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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Production of TNF-α 

ANOVA 

TNF-alpha    

 Sum of Squares df Mean Square F Sig. 

Between Groups 271428893.150 5 54285778.630 1860.436 .000 

Within Groups 1400595.116 48 29179.065   

Total 272829488.265 53    

 

TNF-alpha 

Duncana   

Curcumin N 

Subset for alpha = 0.05 

1 2 3 4 5 

25 µM 9 1701.9333     

10 µM 9  4620.9500    

5 µM 9   6373.7222   

2.5 µM 9    7667.4056  

1 µM 9    7724.6056  

0 µM 9     7972.3222 

Sig.  1.000 1.000 1.000 .481 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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VII) Treatment of cells with lupeol 
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25 

1 

0.147 62.025 

66.98 2.951 

0.321 2313.6 

2334.556 111.431 

0.153 64.557 0.331 2313.6 

0.152 64.135 0.328 2507.95 

2 

0.155 65.401 0.324 2313.6 

0.163 68.777 0.333 2413.95 

0.163 68.777 0.297 2213.3 

3 

0.163 68.777 0.343 2507.95 

0.161 67.933 0.313 2213.75 

0.171 72.152 0.296 2213.3 

10 

1 

0.181 76.371 

78.997 7.394 

0.404 3003.3 

2610.639 170.068 

0.194 81.857 0.349 2608.3 

0.195 82.279 0.354 2618.75 

2 

0.161 67.933 0.373 2752.5 

0.168 70.886 0.345 2558.15 

0.168 70.886 0.354 2574.1 

3 

0.204 86.076 0.34 2508.45 

0.199 83.966 0.344 2508.45 

0.215 90.717 0.333 2363.75 

5 

1 

0.197 83.122 

91.374 6.507 

0.315 2363.75 

2816.722 220.796 

0.2 84.388 0.423 3146.25 

0.192 81.013 0.411 3002.3 

2 

0.217 91.561 0.353 2574.1 

0.224 94.515 0.397 2953.15 

0.22 92.827 0.374 2752.5 

3 

0.233 98.312 0.39 2802.65 

0.234 98.734 0.401 2903 

0.232 97.890 0.393 2852.8 

2.5 

1 

0.189 79.7465 

87.904 5.541 

0.388 2852.85 

3175.298 307.534 

0.197 83.122 0.385 2852 

0.201 84.810 0.405 3003.4 

2 

0.2 84.388 0.483 3592.7 

0.206 86.92 0.489 3636.55 

0.21 88.608 0.475 3542.5 

 

0.213 89.873 0.414 3047.2 

0.23 97.0461 0.396 2902.985 

0.229 96.625 0.422 3147.5 

1 

1 

0.238 100.422 

98.453 9.152 

0.442 3341.9 

3535.539 189.262 

0.245 103.375 0.491 3636.55 

0.24 101.266 0.521 3887.35 

2 

0.196 82.700 0.469 3492.2 

0.211 89.029 0.49 3736.9 

0.208 87.764 0.471 3492.35 

3 

0.242 102.109 0.446 3247.85 

0.26 109.705 0.477 3592.7 

0.26 109.705 0.447 3392.05 

0 1 

0.211 100 

100 0 

0.516 3887.35 

3918.022 179.301 0.223 100 0.517 3887.4 

0.228 100 0.544 4081.75 
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2 

0.198 100 0.535 3981.4 

0.208 100 0.539 4031.6 

0.212 100 0.549 4131.9 

3 

0.271 100 0.486 3636.55 

0.287 100 0.538 4031.6 

0.292 100 0.478 3592.65 

 

Statically Analysis 

Cell viability   

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 7072.057 5 1414.411 34.263 .000 

Within Groups 1981.480 48 41.281   

Total 9053.538 53    

 

Cell viability 

Duncana   

Lupeol N 

Subset for alpha = 0.05 

1 2 3 4 

25 µM 9 66.9480    

10 µM 9  78.9967   

2.5 µM 9   87.9044  

5 µM 9   91.3737  

1 µM 9    98.4529 

0 µM 9    100.0000 

Sig.  1.000 1.000 .258 .612 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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Production of TNF-α 

ANOVA 

TNF –alpha  

 Sum of Squares df Mean Square F Sig. 

Between Groups 15865689.061 5 3173137.812 66.987 .000 

Within Groups 2273732.875 48 47369.435   

Total 18139421.937 53    

 

TNF-alpha  

Duncana   

Lupeol N 

Subset for alpha = 0.05 

1 2 3 4 5 

25 µM 9 2334.5556     

10 µM 9  2610.6389    

5 µM 9  2816.7222    

2.5 µM 9   3175.2983   

1 µM 9    3535.5389  

0 µM 9     3918.0222 

Sig.  1.000 .050 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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VIII) Treatment of cells with chlorogenic acid (CGA) 
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25 

1 

0.173 153.097 

140.153 14.549 

0.25 2213.3 

2615.281 397.506 

0.185 146.825 0.27 2457.8 

0.191 156.557 0.262 2363.75 

2 

0.413 136.304 0.278 2558.15 

0.439 135.494 0.285 2658.45 

0.442 137.267 0.271 2413.95 

3 

0.333 156.338 0.262 2370.2 

0.351 153.947 0.267 2425.6 

0.355 153.017 0.258 2327.95 

4 

0.245 142.442 0.394 3299.8 

0.264 141.936 0.419 3543.95 

0.26 140.541 0.407 3408.85 

5 

0.197 111.299 0.318 2661.8 

0.207 110.106 0.315 2621.1 

0.208 111.23 0.345 2892.9 

6 

0.2 144.928 0.275 2280.95 

0.203 145 0.283 2336.3 

0.205 146.429 0.269 2240.25 

10 

1 

0.157 138.938 

133.011 14.253 

0.289 2658.45 

2710.544 393.737 

0.168 133.333 0.286 2508 

0.159 130.328 0.275 2508 

2 

0.407 134.323 0.27 2467.7 

0.429 132.407 0.266 2398.65 

0.433 134.472 0.267 2412.1 

3 

0.281 131.925 0.288 2622.65 

0.309 135.526 0.256 2296 

0.299 128.879 0.275 2496.35 

4 

0.261 151.744 0.426 3571.6 

0.279 150 0.424 3556.95 

0.276 149.189 0.421 3543.95 

5 

0.187 105.65 0.312 2593.45 

0.194 103.192 0.315 2606.45 

0.198 105.88 0.332 2769.2 

6 

0.192 139.13 0.319 2647.15 

0.201 143.571 0.301 2499 

0.204 145.714 0.317 2634.15 

5 

1 

0.145 128.319 

122.505 11.379 

0.267 2413.95 

2724.931 357.876 

0.166 131.746 0.247 2213.3 

0.153 125.41 0.274 2414.4 

2 

0.39 128.713 0.288 2609.15 

0.437 134.877 0.277 2496.3 

0.433 134.472 0.305 2748.9 

3 

0.264 123.944 0.299 2693.35 

0.287 125.877 0.3 2706.85 

0.282 121.552 0.304 2748.9 

4 

0.218 126.744 0.412 3462.55 

0.237 127.419 0.411 3449.5 

0.239 129.189 0.408 3434.9 
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5 

0.173 97.7401 0.3 2499.05 

0.183 97.3404 0.289 2390 

0.187 100 0.306 2552.75 

6 

0.168 121.739 0.329 2743.2 

0.176 125.714 0.339 2824.55 

0.174 124.285 0.318 2647.15 

2.5 

1 

0.144 127.434 

123.594 12.092 

0.31 2752.5 

2904.506 311.795 

0.157 124.603 0.328 2953.15 

0.153 125.41 0.316 2852.85 

2 

0.379 125.083 0.322 2890.4 

0.408 125.926 0.312 2819.6 

0.408 126.708 0.313 2833.15 

3 

0.273 128.169 0.308 2777.55 

0.295 129.386 0.306 2764.1 

0.293 126.293 0.297 2693.35 

4 

0.25 145.349 0.413 3462.55 

0.262 140.86 0.426 3571.6 

0.261 141.081 0.401 3366.55 

5 

0.183 103.39 0.358 2987.3 

0.192 102.128 0.37 3096.35 

0.192 102.674 0.366 3055.65 

6 

0.158 114.493 0.304 2530.05 

0.164 117.143 0.303 2525.1 

0.166 118.571 0.285 2349.3 

1 

1 

0.377 124.422 

119.002 13.055 

0.254 2313.6 

2494.236 272.752 

0.399 123.148 0.255 2263.45 

0.402 124.845 0.25 2263.45 

2 

0.262 123.005 0.252 2299.3 

0.281 123.246 0.268 2398.65 

0.278 119.828 0.247 2243.75 

3 

- - 0.261 2356.55 

- - 0.278 2524.95 

- - 0.271 2440.75 

4 

0.23 133.721 0.284 2349.3 

0.247 132.796 0.279 2295.6 

0.253 136.757 0.359 3000.35 

5 

0.17 96.045 0.367 3068.7 

0.181 96.277 0.361 3028 

0.175 93.583 0.337 2811.55 

6 

0.159 115.217 0.282 2349.3 

0.167 119.286 0.286 2376.95 

0.172 122.857 0.3 2512.05 

0 

1 

0.113 100 

100 0 

0.225 2018.9 

2371.653 372.529 

0.126 100 0.219 1968.75 

0.122 100 0.213 1868.45 

2 

0.303 100 0.236 2146.05 

0.324 100 0.237 2111 

0.322 100 0.248 2230.25 

3 

0.213 100 0.236 2130.9 

0.228 100 0.252 2299.3 

0.232 100 0.234 2103.95 

4 

0.172 100 0.27 2240.25 

0.186 100 0.274 2254.9 

0.185 100 0.412 3449.55 

5 

0.177 100 0.329 2743.2 

0.188 100 0.322 2687.85 

0.187 100 0.298 2471.35 

6 0.138 100 0.324 2615.5 



184 
 

0.14 100 0.321 2687.8 

0.14 100 0.316 2661.8 

 

Statically Analysis 

Cell viability  

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 16870.127 5 3374.025 22.290 .000 

Within Groups 14985.349 99 151.367   

Total 31855.476 104    

 

Cell viability   

Duncana,b   

CGA N 

Subset for alpha = 0.05 

1 2 3 

0 µM 18 100.0000   

1 µM 15  119.0021  

5 µM 18  122.5045  

2.5 µM 18  123.5944  

10 µM 18   133.0114 

25 µM 18   140.1532 

Sig.  1.000 .304 .090 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 17.419. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 
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Production of TNF-α 

ANOVA 

TNF-alpha  

 Sum of Squares df Mean Square F Sig. 

Between Groups 3167317.446 5 633463.489 4.777 .001 

Within Groups 13527031.012 102 132617.951   

Total 16694348.457 107    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TNF-alpha 

Duncana   

CGA N 

Subset for alpha = 0.05 

1 2 3 

0  µM 18 2371.6528   

1  µM 18 2494.2361 2494.2361  

25  µM 18 2615.2806 2615.2806  

10  µM 18  2710.5444 2710.5444 

5  µM 18  2724.9306 2724.9306 

2.5  µM 18   2904.5056 

Sig.  .060 .085 .135 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 18.000. 
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IX) Treatment of THP-1 cells with DMSO  
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0.2 

1 

0.184 95.833 

90.716 4.076 

0.479 5178 

4904.167 309.646 

0.181 93.299 0.484 5243 

0.178 92.708 0.48 5205 

2 

0.184 92 0.436 4701.5 

0.186 84.546 0.425 4574 

0.189 85.909 0.42 4523.5 

0.1 

1 

0.184 95.833 

93.875 3.775 

0.457 4918 

4821.583 151.468 

0.191 98.454 0.454 4893 

0.188 97.917 0.459 4956.5 

2 

0.183 91.5 0.428 4606 

0.194 88.182 0.429 4612.5 

0.201 91.364 0.458 4943.5 

0.05 

1 

0.18 93.75 

90.242 5.788 

0.474 5115.5 

5093.25 208.629 

0.187 96.392 0.461 4988 

0.185 96.354 0.481 5198.5 

2 

0.179 89.5 0.493 5351 

0.182 82.727 0.482 5211 

0.182 82.727 0.437 4695.5 

0.01 

1 

0.174 90.625 

95.78 3.109 

0.523 5683 

5365.333 286.661 

0.183 94.33 0.485 5243 

0.181 94.271 0.534 5803.5 

2 

0.2 100 0.49 5300 

0.213 96.818 0.461 4982.5 

0.217 98.636 0.479 5180 

0.001 

1 

0.193 100.52 

96.448 4.117 

0.513 5555.5 

5393.917 214.373 

0.192 98.969 0.498 5402.5 

0.195 101.563 0.473 5096.5 

2 

0.188 94 0.506 5472.5 

0.205 93.182 0.476 5141 

0.199 90.455 0.524 5695.5 

0 

1 

0.192 100 

100 0 

0.529 5740 

5604.25 122.586 

0.194 100 0.526 5721 

0.192 100 0.525 5702 

2 

0.2 100 0.511 5555.5 

0.22 100 0.501 5434.5 

0.22 100 0.505 5472.5 
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Statically Analysis 

Cell viability 

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 411.163 5 82.233 4.520 .003 

Within Groups 545.801 30 18.193   

Total 956.963 35    

 

Cell viability 

Duncana   

DMSO N 

Subset for alpha = 0.05 

1 2 3 4 

0.05% 6 90.2417    

0.2% 6 90.7158 90.7158   

0.1% 6 93.8750 93.8750 93.8750  

0.01% 6  95.7800 95.7800 95.7800 

0.001% 6   96.4482 96.4482 

0% 6    100.0000 

Sig.  .173 .060 .333 .115 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 

 
Production of TNF-α  

ANOVA 

TNF-alpha   

 Sum of Squares df Mean Square F Sig. 

Between Groups 2822507.417 5 564501.483 9.239 .000 

Within Groups 1833037.833 30 61101.261   

Total 4655545.250 35    

 

TNF-alpha 

Duncana   

DMSO N 

Subset for alpha = 0.05 

1 2 3 

0.1% 6 4821.5833   

0.2% 6 4904.1667   

0.05% 6 5093.2500 5093.2500  

0.01% 6  5365.3333 5365.3333 

0.001% 6  5393.9167 5393.9167 

0% 6   5604.2500 

Sig.  .081 .054 .123 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 
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(X) Treatment of THP-1 cells with DMSO + Ethanol 
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0.2 0.2 

1 

0.29 90.342 

91.615 1.492 

0.537 5854.5 

5749.5 301.594 

0.294 91.304 0.56 6109.5 

0.301 94.357 0.563 6141 

2 

0.292 90.402 0.503 5466 

0.295 90.491 0.498 5402.5 

0.296 92.79 0.508 5523.5 

0.1 0.1 

1 

0.289 90.031 

88.965 1.845 

0.522 5670 

5956 355.666 

0.281 87.267 0.558 6084.5 

0.281 88.088 0.492 5326 

2 

0.279 86.377 0.555 6045.5 

0.295 90.491 0.583 6383 

0.292 91.536 0.582 6227 

0.05 0.05 

1 

0.286 89.097 

89.492 1.8181 

0.535 5810 

6145.667 358.592 

0.295 91.615 0.533 5791 

0.292 91.536 0.551 6020.5 

2 

0.288 89.164 0.624 6861.5 

0.281 86.196 0.567 6198.5 

0.285 89.342 0.566 6192.5 

0.01 0.01 

1 

0.252 78.505 

87.083 7.313 

0.588 6434.5 

6444.083 286.26 

0.259 80.435 0.612 6721 

0.261 81.818 0.624 6861.5 

2 

0.288 89.164 0.567 6186 

0.311 95.399 0.588 6434.5 

0.31 97.179 0.552 6027 

0.075 0.05 

1 

0.296 92.212 

91.817 0.751 

0.503 5466 

6141.583 648.336 

0.298 92.547 0.502 5447.5 

0.296 92.79 0.514 5574.5 

2 

0.294 91.022 0.616 6759.5 

0.296 90.798 0.624 6874.5 

0.292 91.536 0.61 6727.5 

0.0375 0.0125 

1 

0.279 86.916 

88.503 2.212 

0.474 5122.5 

6089.25 443.288 

0.278 86.335 0.589 6440.5 

0.285 89.342 0.58 6358 

2 

0.279 86.378 0.56 6128.5 

0.292 89.57 0.57 6243 

0.295 92.477 0.57 6243 

0 0 

1 

0.321 100 

100 0 

0.571 6237 

6525.417 483.247 

0.322 100 0.546 5957 

0.319 100 0.565 6150.5 

2 

0.323 100 0.591 6472.5 

0.326 100 0.641 7053 

0.319 100 0.661 7282.5 
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 Statically Analysis 

Cell viability  

ANOVA 
Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 660.031 6 110.005 9.453 .000 

Within Groups 407.279 35 11.637   

Total 1067.310 41    

 

Cell viability 
Duncana   

Combination N 

Subset for alpha = 0.05 

1 2 3 

0.01% DMSO + 0.01% ethanol 6 87.0833   

0.0375% DMSO + 0.0125% ethanol 6 88.5030 88.5030  

0.1% DMSO + 0.1% ethanol 6 88.9650 88.9650  

0.05% DMSO + 0.05% ethanol 6 89.4917 89.4917  

0.2% DMSO + 0.2% ethanol 6  91.6143  

0.075% DMSO + 0.05% ethanol 6  91.8175  

0% DMSO + 0% ethanol 6   100.0000 

Sig.  .274 .142 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 

 

Production of TNF-α  

ANOVA 
TNF-alpha  

 Sum of Squares df Mean Square F Sig. 

Between Groups 2575432.738 6 429238.790 1.959 .099 

Within Groups 7670166.333 35 219147.610   

Total 10245599.071 41    

 

TNF-alpha 
Duncana   

Combination N 

Subset for alpha = 0.05 

1 2 

0.2% DMSO + 0.2% ethanol 6 5749.5000  

0.1% DMSO + 0.1% ethanol 6 5956.0000 5956.0000 

0.0375% DMSO + 0.0125% ethanol 6 6089.2500 6089.2500 

0.075% DMSO + 0.05% ethanol 6 6141.5833 6141.5833 

0.05% DMSO + 0.05% ethanol 6 6145.6667 6145.6667 

0.01% DMSO + 0.01% ethanol 6  6444.0833 

0% DMSO + 0% ethanol 6  6525.4167 

Sig.  .200 .071 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 
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(XI) Treatment of THP-1 cells with curcumin + lupeol 
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0 0 

1 

0.224 100 

100 0 

0.869 9839.05 

6506.778 3094.755 

0.242 100 0.859 9729 

0.236 100 0.761 8498.65 

2 

0.323 100 0.861 9784.4 

0.332 100 0.827 9381.25 

0.341 100 0.858 9766.45 

3 

0.21 100 0.858 9746.65 

0.226 100 0.859 9746.7 

0.228 100 0.861 9766.45 

4 

0.24 100 0.494 3387.95 

0.255 100 0.501 3464.15 

0.249 100 0.511 3525.7 

5 

0.284 100 0.507 3491.45 

0.301 100 0.52 3690.75 

0.307 100 0.55 3775.25 

6 

0.194 100 0.454 3135.35 

0.205 100 0.44 3035.2 

0.21 100 0.487 3357.6 

2.5 0 

1 

0.2 89.286 

90.969 5.775 

0.684 7506.65 

5577.338 2465.967 

0.217 89.669 0.671 7397.3 

0.212 89.831 0.696 7672.3 

2 

0.302 93.498 0.729 8085.5 

0.287 86.446 0.702 7804.15 

0.306 89.736 0.708 7888.2 

3 

0.193 91.905 0.751 8407.45 

0.208 92.035 0.752 8407.75 

0.205 89.912 0.798 8997.35 

4 

0.212 88.333 0.456 3142.65 

0.217 85.098 0.473 3257.5 

0.223 89.558 0.461 3173 

5 

0.244 85.915 0.442 3050.83 

0.257 85.382 0.475 3264.85 

0.256 83.388 0.441 3033.05 

6 

0.199 102.577 0.433 2972.4 

0.214 104.39 0.445 3081 

0.211 100.476 0.472 3250.15 

5 0 

1 

0.195 87.054 

85.097 9.933 

0.705 7857.45 

5044.011 2145.331 

0.204 84.298 0.671 7397.3 

0.203 86.017 0.673 7410.75 

2 

0.285 88.235 0.622 6792.9 

0.282 84.94 0.622 6792.9 

0.29 85.044 0.646 7103.45 

3 

0.185 88.095 0.618 6751.65 

0.191 84.513 0.647 7128.9 

0.2 87.719 0.665 7326.65 

4 
0.212 88.333 0.442 3058.15 

0.222 87.059 0.442 3058.15 
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0.224 89.96 0.429 2959 

5 

0.186 65.493 0.421 2890.1 

0.199 66.113 0.418 2881.8 

0.197 64.169 0.444 3058.2 

6 

0.193 99.485 0.415 2881.8 

0.203 99.024 0.396 2752.3 

0.202 96.19 0.388 2690.75 

10 0 

1 

0.185 82.59 

80.456 4.523 

0.619 6755.5 

4743.089 1992.573 

0.196 80.992 0.611 6645.45 

0.187 79.237 0.596 6401.6 

2 

0.233 72.136 0.605 6590.4 

0.243 73.193 0.582 6263.7 

0.255 74.78 0.582 6263.7 

3 

0.175 83.333 0.613 6700.45 

0.191 84.513 0.641 7030.65 

0.197 86.404 0.692 7680.7 

4 

0.201 83.75 0.437 3020.5 

0.211 82.745 0.45 3119.7 

0.209 83.936 0.44 3035.2 

5 

0.22 77.465 0.336 2346.25 

0.223 74.086 0.348 2429.9 

0.233 75.896 0.354 2468.45 

6 

0.163 84.021 0.408 2805.6 

0.171 83.414 0.444 3058.2 

0.18 85.714 0.4 2759.65 

0 5 

1 

0.17 79.893 

78.901 6.174 

0.618 6708.85 

5329.914 2207.025 

0.183 79.62 0.673 7415.8 

0.175 78.153 0.641 7030.65 

2 

0.235 82.755 0.69 7635.9 

0.246 78.097 0.698 7692.9 

0.264 81.419 0.697 7692.9 

3 

0.162 81.143 0.713 7994.2 

0.171 79.664 0.688 7618.25 

0.172 79.439 0.705 7857.45 

4 

0.208 86.667 0.474 3273.1 

0.224 87.843 0.478 3287.8 

0.225 90.362 0.476 3280.45 

5 

0.193 67.958 0.416 2890.1 

0.202 67.11 0.429 2966.35 

0.209 68.078 0.407 2821.2 

6 

0.152 78.351 0.464 3195.95 

0.156 76.098 0.477 3296.1 

0.164 78.095 0.476 3280.5 

2.5 5 

1 

0.147 69.625 

75.527 5.823 

0.581 6063.7 

4302.172 1565.974 

0.157 68.876 0.577 6095 

0.163 73.068 0.586 5915.3 

2 

0.225 73.659 0.555 5902.75 

0.238 75.687 0.575 5905.25 

0.246 76.141 0.553 5785.1 

3 

0.149 74.952 0.551 5547.7 

0.164 76.566 0.524 5543.3 

0.158 73.298 0.558 5857.75 

4 

0.202 86.166 0.464 3095.95 

0.19 76.51 0.481 3119.05 

0.206 84.731 0.468 3111.55 

5 

0.188 66.197 0.425 2843.35 

0.204 69.774 0.425 29843.35 

0.198 66.495 0.421 2804.8 
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6 

0.16 84.474 0.348 2329.95 

0.159 79.561 0.347 2329.75 

0.164 80.095 0.351 2345.5 

5 5 

1 

0.097 47.304 

63.271 10.613 

0.455 4747 

3868.186 1256.384 

0.106 47.802 0.484 5050 

0.102 47.22 0.477 4994.5 

2 

0.193 63.752 0.472 4957.55 

0.198 63.639 0.521 5405.34 

0.2 62.651 0.488 5087.4 

3 

0.105 54 0.497 5197.5 

0.11 52.673 0.49 5160.05 

0.112 53.123 0.506 5298.75 

4 

0.161 71.083 0.417 2774.45 

0.159 66.353 0.416 2774.45 

0.168 71.47 0.418 2774.45 

5 

0.183 68.437 0.328 2199.45 

0.186 65.794 0.331 2215.1 

0.187 64.912 0.336 2253.65 

6 

0.145 78.742 0.442 2966.45 

0.158 81.073 0.434 2889.3 

0.153 78.857 0.431 2881.95 

10 5 

1 

0.11 53.107 

56.419 7.064 

0.463 4245.25 

3239.136 1178.218 

0.117 52.347 0.459 4416.7 

0.117 53.576 0.47 4444.45 

2 

0.116 48.913 0.451 4532.65 

0.118 49.566 0.458 4603.25 

0.123 40.07 0.434 4337.6 

3 

0.109 55.905 0.448 4505.7 

0.108 52.787 0.427 4067 

0.113 54.561 0.451 4532.65 

4 

0.143 63.583 0.395 2036.7 

0.156 65.177 0.399 2075.25 

0.138 59.422 0.36 2114.4 

5 

0.16 60.338 0.34 2083.95 

0.171 50.811 0.348 2029.9 

0.162 56.769 0.361 2121.75 

6 

0.129 66.495 0.374 1798.9 

0.128 64.439 0.37 2167.7 

0.142 67.619 0.373 2190.65 
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Statically Analysis 

Cell viability 

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 25095.180 7 3585.026 69.971 .000 

Within Groups 6968.071 136 51.236   

Total 32063.251 143    

 

Cell viability 

Duncana   

Combination N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 

10 Lup + 5 Cur 18 56.4158       

5 Lup + 5 Cur 18  63.2714      

2.5 Lup + 5 Cur 18   75.3264     

0 Lup + 5 Cur 18   78.9303 78.9303    

10 Lup + 0 Cur 18    80.4558 80.4558   

5 Lup + 0 Cur 18     85.0967   

2.5 Lup + 0 Cur 18      90.9686  

0 Lup + 0 Cur 18       100.0000 

Sig.  1.000 1.000 .133 .524 .054 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 18.000. 
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Production of TNF-α  

ANOVA 

TNF-alpha  

 Sum of Squares df Mean Square F Sig. 

Between Groups 26234.118 7 3747.731 37.446 .000 

Within Groups 13611.212 136 100.082   

Total 39845.330 143    

 

TNF-alpha 

Duncana   

Combination N 

Subset for alpha = 0.05 

1 2 3 4 5 6 7 

10 Lup + 5 Cur 18 53.3296       

5 Lup + 5 Cur 18  65.4913      

2.5 Lup + 5 Cur 18  70.7517 70.7517     

10 Lup + 0 Cur 18   75.9015 75.9015    

5 Lup + 0 Cur 18    80.1201 80.1201   

0 Lup + 5 Cur 18     85.4033 85.4033  

2.5 Lup + 0 Cur 18      87.7738  

0 Lup + 0 Cur 18       100.0000 

Sig.  1.000 .117 .125 .208 .115 .478 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 18.000. 
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(XII) Treatment of THP-1 cells with curcumin + CGA 

Combination 
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0 0 

1 

0.195 100 

100 0 

0.409 3114.35 

3979.467 1797.045 

0.207 100 0.384 2926.95 

0.219 100 0.427 3243.7 

2 

0.175 100 0.346 2655.9 

0.183 100 0.393 2991.2 

0.189 100 0.385 2940.1 

3 

0.189 100 0.428 3256.05 

0.2 100 0.44 3353.65 

0.202 100 0.434 3294.8 

4 

0.198 100 0.265 2479.3 

0.208 100 0.263 2450.15 

0.212 100 0.227 2119.8 

5 

0.189 100 0.269 2513.7 

0.191 100 0.298 2780.55 

0.199 100 0.254 2391.9 

6 

0.22 100 0.225 2105.25 

0.23 100 0.252 2362.75 

0.236 100 0.241 2256.15 

7 

0.28 100 0.774 6406.55 

0.297 100 0.746 6158.95 

0.297 100 0.791 6565.9 

8 

0.217 100 0.756 6258.5 

0.228 100 0.83 6952.85 

0.229 100 0.812 6764.95 

9 

0.24 100 0.736 6079.5 

0.245 100 0.784 6506.1 

0.246 100 0.787 6516.05 

2.5 0 

1 

0.212 108.718 

109.708 4.335 

0.446 3459.25 

4516.17 2120.256 

0.229 110.628 0.454 3519.45 

0.226 103.196 0.45 3511.15 

2 

0.205 117.143 0.459 3563.05 

0.211 115.301 0.463 3601.75 

0.218 115.344 0.443 3339.9 

3 

0.194 102.645 0.46 3640.45 

0.22 110 0.459 3584.3 

0.209 103.465 0.466 3611.6 

4 

0.232 117.172 0.301 2819.6 

0.241 115.865 0.318 2979.8 

0.238 112.264 0.317 2960.55 

5 

0.194 102.646 0.31 2902.3 

0.219 114.66 0.307 2873.2 

0.219 110.05 0.273 2542.8 

6 

0.242 110 0.25 2314.4 

0.243 105.652 0.206 1925.2 

0.243 102.966 0.258 2401.8 

7 
0.309 110.357 0.877 7370.95 

0.316 106.397 0.877 7370.95 
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0.322 108.418 0.967 8209.7 

8 

0.236 108.756 0.966 8209.7 

0.25 109.649 0.961 8169.9 

0.254 110.917 0.961 8169.9 

9 

0.261 108.75 0.756 6278.4 

0.269 109.796 0.752 6228.6 

0.274 111.382 0.768 6377.95 

5 0 

1 

0.251 128.718 

112.901 7.663 

0.434 3430.5 

4197.765 1967.17 

0.236 114.01 0.445 3457.95 

0.244 111.416 0.441 3453.6 

2 

0.232 132.571 0.363 2957 

0.216 118.033 0.363 2979.55 

0.232 122.751 0.371 3031.45 

3 

0.214 113.228 0.438 3431.2 

0.224 112 0.458 3541.8 

0.209 103.465 0.441 3451.15 

4 

0.233 117.677 0.287 2683.8 

0.231 111.058 0.278 2586.5 

0.229 108.019 0.268 2513.7 

5 

0.204 107.937 0.251 2348.2 

0.197 103.141 0.256 2391.9 

0.194 97.487 0.265 2464.75 

6 

0.243 110.455 0.247 2309.15 

0.246 106.957 0.24 2246.25 

0.244 103.39 0.248 2319.1 

7 

0.316 112.857 0.842 7042.45 

0.319 107.407 0.776 6446.4 

0.328 110.438 0.868 7281.45 

8 

0.237 109.217 0.968 8219.65 

0.273 119.737 0.866 7281.35 

0.259 113.1 0.866 7281.35 

9 

0.273 113.75 0.758 6288.45 

0.295 120.408 0.69 5672.4 

0.293 119.106 0.751 6228.6 

10 0 

1 

0.251 128.718 

127.081 17.483 

0.41 3136.3 

4359.637 2128.376 

0.273 131.884 0.41 3136.3 

0.273 124.658 0.424 3233.15 

2 

0.265 151.429 0.408 3032 

0.288 157.377 0.413 3143.3 

0.27 142.857 0.463 3649.3 

3 

0.263 139.153 0.46 3640.3 

0.279 139.5 0.461 3644.7 

0.273 135.149 0.457 3577.3 

4 

0.253 127.778 0.275 2557.4 

0.251 120.673 0.268 2503.8 

0.257 121.226 0.281 2620.3 

5 

0.234 123.809 0.271 2532.9 

0.239 125.131 0.275 2562.05 

0.241 121.106 0.253 2358.1 

6 

0.247 112.273 0.246 2289.95 

0.247 107.391 0.248 2314.4 

0.259 109.746 0.256 2382 

7 

0.297 106.071 0.787 6536 

0.32 107.744 0.921 7787.8 

0.325 109.428 0.943 8010.6 

8 

0.342 157.604 0.876 7361 

0.36 157.895 0.761 6308.25 

0.353 154.149 0.921 7787.8 
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9 

0.251 104.583 0.893 7519.05 

0.265 108.163 0.924 7827.65 

0.26 105.691 0.755 6258.5 

0 5 

1 

0.166 85.128 

81.003 5.984 

0.31 2425.95 

3304.278 1541.866 

0.161 77.778 0.309 2408 

0.157 71.69 0.337 2664.35 

2 

0.153 87.429 0.311 2435.2 

0.136 74.317 0.309 2408 

0.161 85.185 0.32 2501.6 

3 

0.168 88.889 0.32 2501.6 

0.159 79.5 0.333 2651.2 

0.155 76.733 0.334 2673.2 

4 

0.158 79.798 0.221 2096.25 

0.166 79.808 0.207 1979.15 

0.168 79.245 0.206 1955.25 

5 

0.16 84.656 0.243 2312.75 

0.158 82.723 0.233 2202.15 

0.167 83.92 0.24 2243.55 

6 

0.164 74.546 0.2 1898.2 

0.182 79.13 0.201 1911.45 

0.182 77.119 0.203 1938.7 

7 

0.243 86.786 0.56 4540 

0.249 83.838 0.563 4559.9 

0.256 86.195 0.542 4360.8 

8 

0.195 89.862 0.611 4986.75 

0.204 89.474 0.597 4837.4 

0.205 89.52 0.612 4996.7 

9 

0.171 71.25 0.802 6685.3 

0.175 71.429 0.784 6506.1 

0.175 71.138 0.788 6536 

2.5 5 

1 

0.175 89.744 

96.677 5.276 

0.365 2791.4 

3547.331 1413.846 

0.191 92.271 0.379 2888.2 

0.193 88.128 0.388 2965.65 

2 

0.187 106.857 0.307 2358.5 

0.182 99.454 0.317 2449.1 

0.183 96.825 0.307 2358.5 

3 

0.188 99.471 0.424 3224.3 

0.197 98.5 0.411 3133.7 

0.198 98.02 0.423 3217.35 

4 

0.199 100.505 0.241 2246.25 

0.212 101.923 0.236 2211.85 

0.211 99.528 0.238 2217.1 

5 

0.198 104.762 0.29 2707.7 

0.206 107.853 0.269 2508.45 

0.204 102.513 0.255 2382 

6 

0.202 91.818 0.247 2309.15 

0.211 91.739 0.234 2188 

0.204 86.441 0.226 2129.7 

7 

0.257 91.786 0.686 5612.65 

0.275 92.593 0.673 5513.1 

0.277 93.266 0.667 5463.35 

8 

0.21 96.775 0.647 5295.35 

0.222 97.368 0.665 5433.45 

0.221 96.507 0.65 5305.3 

9 

0.229 95.417 0.678 5562.9 

0.233 95.102 0.684 5622.6 

0.234 95.122 0.692 5682.35 

5 5 1 0.182 93.333 96.311 4.867 0.303 2339.15 2952.63 1173.996 



198 
 

0.183 88.406 0.299 2300.4 

0.22 100.457 0.301 2325.95 

2 

0.193 110.286 0.301 2325.95 

0.166 90.7104 0.297 2294.2 

0.193 102.116 0.289 2229.15 

3 

0.199 105.291 0.327 2507.2 

0.2 100 0.329 2604 

0.209 103.465 0.338 2681.45 

4 

0.193 97.475 0.202 1856.15 

0.202 97.115 0.197 1807.2 

0.199 93.868 0.19 1783.95 

5 

0.174 92.063 0.237 2211.85 

0.19 99.476 0.237 2211.85 

0.189 94.975 0.244 2270.7 

6 

0.212 96.364 0.181 1702 

0.223 96.957 0.173 1609.35 

0.225 95.339 0.168 1570.35 

7 

0.264 94.286 0.572 4629.55 

0.27 90.909 0.576 4669.4 

0.269 90.572 0.57 4609.7 

8 

0.205 94.47 0.567 4599.75 

0.223 97.807 0.557 4530 

0.216 94.323 0.524 4232.65 

9 

0.229 95.417 0.564 4569.85 

0.226 92.245 0.567 4589.8 

0.228 92.683 0.574 4659.45 

10 5 

1 

0.235 120.513 

114.572 11.856 

0.383 2920.7 

3692.774 1540.294 

0.257 124.155 0.406 3108.15 

0.255 116.438 0.388 2965.65 

2 

0.218 124.571 0.413 3153.05 

0.232 126.776 0.399 3043 

0.26 137.566 0.405 3101.2 

3 

0.227 120.106 0.371 2823.95 

0.237 118.5 0.387 2946.3 

0.235 116.337 0.387 2946.3 

4 

0.242 122.222 0.285 2649.5 

0.241 115.865 0.258 2406.5 

0.239 112.733 0.242 2256.15 

5 

0.214 113.228 0.262 2435.6 

0.227 118.848 0.242 2256.15 

0.223 112.06 0.217 2032.4 

6 

0.232 105.455 0.199 1857.6 

0.242 105.217 0.237 2207.2 

0.237 100.424 0.246 2294.6 

7 

0.268 95.7143 0.723 5950 

0.288 96.97 0.727 5999.65 

0.29 97.643 0.724 5959.85 

8 

0.281 129.493 0.751 6228.6 

0.3 131.579 0.688 5652.45 

0.3 131.004 0.689 5672.4 

9 

0.243 101.25 0.654 5343.85 

0.24 97.959 0.692 5682.35 

0.248 100.813 0.708 5811.75 
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Statically Analysis 

Cell viability 

ANOVA 

Cell viability   

 Sum of Squares df Mean Square F Sig. 

Between Groups 38043.411 7 5434.773 68.521 .000 

Within Groups 16497.667 208 79.316   

Total 54541.077 215    

 

Cell viability 

Duncana   

Combbination N 

Subset for alpha = 0.05 

1 2 3 4 

0 CGA + 5 Cur 27 81.0032    

5 CGA + 5 Cur 27  96.3114   

2.5 CGA + 5 Cur 27  96.6773   

0 CGA + 0 Cur 27  100.0000   

2.5 CGA + 0 Cur 27   109.7088  

5 CGA + 0 Cur 27   112.9012  

10 CGA + 5 Cur 27   114.5718  

10 CGA + 0 Cur 27    127.0810 

Sig.  1.000 .153 .058 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 27.000. 
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Production of TNF-α 

ANOVA 

TNF-alpha  

 Sum of Squares df Mean Square F Sig. 

Between Groups 30452.118 7 4350.303 54.053 .000 

Within Groups 16740.248 208 80.482   

Total 47192.366 215    

 

TNF-alpha 

Duncana   

Combination N 

Subset for alpha = 0.05 

1 2 3 4 5 6 

5 CGA + 5 Cur 27 76.0027      

0 CGA + 5 Cur 27  83.7358     

2.5 CGA + 5 Cur 27   91.3723    

10 CGA + 5 Cur 27   94.4210    

0 CGA + 0 Cur 27    100.0000   

5 CGA + 0 Cur 27     105.2731  

10 CGA + 0 Cur 27     108.3954  

2.5 CGA + 0 Cur 27      113.3373 

Sig.  1.000 1.000 .213 1.000 .202 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 27.000. 
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Appendix 6 

Raw and Statistically Analysed Data for qRT-PCR  

 

I) Ct and ΔΔCt for inflammatory biomarkers  

Replicate Control CGA Curcumin Curcumin + CGA 

Ct ΔΔCt Ct ΔΔCt Ct ΔΔCt Ct ΔΔCt 

IL-6 

1 21.068 0.95 19.754 1.653 26.176 0.032 29.171 0.004 

2 20.379 1.219 21.379 0.85 26.997 0.017 30.946 0.001 

3 20.972 0.864 20.905 0.856 25.596 0.041 30.158 0.002 

TNF-α 

1 15.707 0.88 15.202 0.987 17.122 0.42 18.257 0.143 

2 15.181 1.109 15.527 1.355 17.114 0.363 18.753 0.124 

3 15.355 1.025 15.381 0.738 17.047 0.403 18.669 0.107 

IL-10 

1 21.458 0.916 21.248 0.899 25.35 0.081 29.3 0.004 

2 21.277 1.117 21.365 1.205 26.027 0.049 28.181 0.01 

3 21.152 0.978 21.107 0.914 24.726 0.104 29.097 0.005 

NF-kB 

1 18.644 0.732 17.868 0.99 19.281 0.598 20.199 0.237 

2 17.765 1.178 18.448 1.14 19.15 0.563 20.6 0.22 

3 17.847 1.16 17.815 0.87 18.917 0.702 20.229 0.231 

COX-2 

1 17.74 1.088 16.997 1.275 19.804 0.298 21.434 0.087 

2 17.33 1.151 17.858 1.113 19.836 0.275 21.788 0.084 

3 17.952 0.799 17.795 0.843 19.739 0.272 21.544 0.069 

iNOS 

1 30.232 1.14 30.374 0.876 29.925 1.853 28.442 4.161 

2 30.588 0.958 31.187 0.725 29.917 1.788 28.696 3.606 

3 30.335 0.916 30.127 0.958 29.717 1.773 28.558 3.921 

TLR-4 

1 22.778 1.099 22.583 0.845 24.19 0.479 24.858 0.241 

2 22.626 1.045 23.235 0.889 24.153 0.415 24.833 0.277 

3 22.732 0.871 22.492 0.863 23.592 0.54 24.474 0.321 

IkB-β-kinase 

1 20.562 0.904 19.955 1.002 21.271 0.633 21.764 0.381 

2 19.894 1.039 20.571 0.959 21.233 0.721 21.779 0.407 

3 19.93 1.064 19.849 1.02 20.995 0.625 21.579 0.42 

IkB-α 

1 17.304 1.126 16.881 1.1 17.044 1.543 17.881 0.731 

2 17.054 0.969 18.55 0.507 17.018 1.744 17.901 0.778 

3 17.206 0.916 17.01 0.951 16.913 1.378 17.73 0.787 
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Statically Analysis 

IL-6 

ANOVA 

ΔΔCt 

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.321 3 1.107 17.850 .001 

Within Groups .496 8 .062   

Total 3.818 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 .00212415  

Curcumin 3 .02982505  

Control 3  1.01086146 

CGA 3  1.11952599 

Sig.  .895 .608 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

TNF-a 

ANOVA 

ΔΔCt  

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.823 3 .608 21.915 .000 

Within Groups .222 8 .028   

Total 2.045 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 .12471638  

Curcumin 3 .39498847  

Control 3  1.00454827 

CGA 3  1.02648059 

Sig.  .082 .876 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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IL-10 

ANOVA 

ΔΔCt 

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.788 3 .929 90.283 .000 

Within Groups .082 8 .010   

Total 2.870 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 .00620845  

Curcumin 3 .07777789  

Control 3  1.00346090 

CGA 3  1.00587621 

Sig.  .413 .977 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

NF-kB 

ANOVA 

ΔΔCt 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.262 3 .421 19.289 .001 

Within Groups .175 8 .022   

Total 1.437 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 3 

Curcumin + CGA 3 .22928832   

Curcumin 3  .62099485  

CGA 3   .99966885 

Control 3   1.02322541 

Sig.  1.000 1.000 .850 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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COX-2 

ANOVA 

ΔΔCt 

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.307 3 .769 37.024 .000 

Within Groups .166 8 .021   

Total 2.473 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 .07957984  

Curcumin 3 .28138599  

Control 3  1.01246141 

CGA 3  1.07662119 

Sig.  .125 .600 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

iNOS  

ANOVA 

ΔΔCt  

 Sum of Squares df Mean Square F Sig. 

Between Groups 17.669 3 5.890 219.832 .000 

Within Groups .214 8 .027   

Total 17.883 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 3 

CGA 3 .85305914   

Control 3 1.00451691   

Curcumin 3  1.80469533  

Curcumin + CGA 3   3.89576234 

Sig.  .290 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

 



205 
 

TLR-4 

ANOVA 

ΔΔCt 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.017 3 .339 67.119 .000 

Within Groups .040 8 .005   

Total 1.058 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 3 4 

Curcumin + CGA 3 .27952114    

Curcumin 3  .47783552   

CGA 3   .86562709  

Control 3    1.00490946 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

IkB-β-kinase 

ANOVA 

ΔΔCt   

 Sum of Squares df Mean Square F Sig. 

Between Groups .754 3 .251 86.176 .000 

Within Groups .023 8 .003   

Total .778 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 3 

Curcumin + CGA 3 .40232226   

Curcumin 3  .65963791  

CGA 3   .99375968 

Control 3   1.00255011 

Sig.  1.000 1.000 .847 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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IkB-α 

ANOVA 

ΔΔCt  

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.131 3 .377 10.648 .004 

Within Groups .283 8 .035   

Total 1.414 11    

 

ΔΔCt 

Duncana   

Treatment N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 .76561532  

CGA 3 .85230404  

Control 3 1.00386433  

Curcumin 3  1.55501043 

Sig.  .175 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Appendix 7 

Standard Curve for Chlorogenic Acid and Curcumin 

 

 

Figure A7.1: Standard curve for chlorogenic acid 

 

 

 

Figure A7.2: Standard curve for curcumin 
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Appendix 8 

Raw and Statistically Analysed Data for Product Development 

 

I) Effect of curcumin and CGA on fermentation process 

Sample Incubation 

time (h) 

Replicate pH TA LB 

count 

ST 

count 

L* a* b* 

Control 

0 

1 5.84 0.180 6.74 6.93 96.71 0.39 1.8 

2 5.83 0.176 6.59 6.87 96.66 0.34 1.79 

3 5.89 0.189 6.81 6.96 96.98 0.4 1.81 

2 

1 5.67 0.212 6.89 8.4 96.82 0.47 2.11 

2 5.68 0.212 7.01 8.53 91.68 0.44 1.75 

3 5.72 0.207 6.92 8.69 94.25 0.44 1.9 

4 

1 5.1 0.338 7.19 9.02 97.35 -0.03 2.44 

2 5.35 0.347 7.21 9.3 95.41 0.01 2.46 

3 5.35 0.333 7.09 9.15 95.42 0.01 2.48 

6 

1 4.59 0.549 7.25 9.8 97.67 -0.26 3.1 

2 4.56 0.536 7.08 9.59 97.63 -0.25 3.1 

3 4.64 0.522 7.29 9.57 98.2 -0.28 3.3 

8 

1 4.45 0.639 7.45 9.8 97.84 -0.37 3.26 

2 4.41 0.626 7.39 9.89 97.74 -0.42 3.07 

3 4.33 0.648 7.47 9.73 98.3 -0.43 3.31 

Only 

Curcumin 

0 

1 5.83 0.176 6.75 6.97 93.91 -3.1 18.58 

2 5.84 0.180 6.81 6.79 94.35 -3.27 18.55 

3 5.84 0.180 6.84 6.95 93.99 -3.28 18.56 

2 

1 5.68 0.203 6.87 8.2 94.62 -5.82 24.89 

2 5.68 0.212 6.99 8.68 90.51 -5.72 23.36 

3 5.7 0.225 6.98 8.34 90.88 -5.8 24.5 

4 

1 4.98 0.369 7.14 8.99 94.88 -7.59 27.62 

2 5.3 0.342 7.21 9.18 94.84 -7.7 27.69 

3 5.25 0.374 7.23 9.32 94.85 -7.9 27.7 

6 

1 4.56 0.554 7.3 9.55 95.6 -8.33 29.52 

2 4.55 0.540 7.25 9.74 95.26 -8.37 29.29 

3 4.7 0.536 7.23 9.82 96.5 -8.5 30.2 

8 

1 4.28 0.621 7.41 9.84 95.51 -8.97 29.74 

2 4.38 0.621 7.3 9.76 95.59 -8.8 30.26 

3 4.4 0.648 7.37 9.9 96.2 -8.6 29.5 

Only CGA 

0 

1 5.66 0.207 6.64 6.88 71.5 3.37 15.13 

2 5.66 0.216 6.73 6.93 70.91 3.31 15.04 

3 5.8 0.212 6.79 6.83 70.6 3.35 15.15 

2 

1 5.58 0.239 7.05 8.27 71.18 3.39 15.21 

2 5.61 0.239 7.03 8.55 71.75 3.41 15.43 

3 5.65 0.243 6.96 8.72 71.5 3.35 15.45 

4 

1 5.2 0.324 7.05 9.05 71.09 2.77 14.97 

2 5.27 0.347 7.24 9.17 71.05 2.72 14.8 

3 5.26 0.351 7.19 9.35 71.1 2.75 14.95 

6 

1 4.6 0.509 7.17 9.68 70.07 2.39 14.83 

2 4.76 0.513 7.19 9.79 71.97 2.69 15.53 

3 4.68 0.522 7.23 9.45 72.1 2.8 15.9 

8 

1 4.41 0.617 7.3 10.02 72.44 2.68 15.87 

2 4.5 0.612 7.48 9.78 72.59 2.6 15.86 

3 4.4 0.621 7.51 9.74 72.9 2.71 15.1 

Curcumin 

+ CGA 
0 

1 5.64 0.207 6.6 7.02 69.68 2.42 15.21 

2 5.68 0.203 6.66 6.98 70.92 2.46 18.58 
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3 5.65 0.207 6.85 6.79 70.95 2.49 18.36 

2 

1 5.6 0.221 6.97 8.42 71.14 1.42 20.82 

2 5.61 0.239 6.99 8.29 70.61 1.39 20.45 

3 5.7 0.243 6.94 8.66 70.9 1.45 20.7 

4 

1 5.2 0.347 7.25 9.16 70.43 0.24 21.34 

2 5.3 0.347 7.14 9.18 70.22 0.17 21.15 

3 5.25 0.342 7.17 9.22 70.4 0.18 21.3 

6 

1 4.64 0.527 7.3 9.63 68.74 -0.44 21.07 

2 4.7 0.527 7.17 9.89 71.33 -0.47 22.29 

3 4.63 0.504 7.19 9.56 72.41 -0.51 22.8 

8 

1 4.51 0.612 7.5 10.05 72.98 -0.26 24.04 

2 4.42 0.630 7.29 9.76 72.51 -0.45 23.71 

3 4.38 0.612 7.34 9.71 72.1 -0.49 23.89 

 

 

Statistical Analysis  

Control sample 

pH 

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5.019 4 1.255 224.598 .000 

Within Groups .056 10 .006   

Total 5.075 14    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

8 h 3 4.39667     

6 h 3  4.59667    

4 h 3   5.26667   

2 h 3    5.69000  

0 h 3     5.85333 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .481 4 .120 1475.438 .000 

Within Groups .001 10 .000   

Total .482 14    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

0 h 3 .18167     

2 h 3  .21033    

4 h 3   .33933   

6 h 3    .53567  

8 h 3     .63767 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .911 4 .228 32.676 .000 

Within Groups .070 10 .007   

Total .980 14    

 

L. bulgaricus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.71333    

2 h 3  6.94000   

4 h 3   7.16333  

6 h 3   7.20667  

8 h 3    7.43667 

Sig.  1.000 1.000 .539 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups 16.409 4 4.102 313.145 .000 

Within Groups .131 10 .013   

Total 16.540 14    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.92000    

2 h 3  8.54000   

4 h 3   9.15667  

6 h 3    9.65333 

8 h 3    9.80667 

Sig.  1.000 1.000 1.000 .132 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

L*   

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 27.648 4 6.912 4.281 .028 

Within Groups 16.146 10 1.615   

Total 43.794 14    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

2 h 3 94.25000  

4 h 3 96.06000 96.06000 

0 h 3  96.78333 

6 h 3  97.83333 

8 h 3  97.96000 

Sig.  .112 .118 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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a*   

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.723 4 .431 687.457 .000 

Within Groups .006 10 .001   

Total 1.729 14    

 

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

8 h 3 -.40667     

6 h 3  -.26333    

4 h 3   -.00333   

0 h 3    .37667  

2 h 3     .45000 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
b*   

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5.342 4 1.335 106.720 .000 

Within Groups .125 10 .013   

Total 5.467 14    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 

0 h 3 1.80000   

2 h 3 1.92000   

4 h 3  2.46000  

6 h 3   3.16667 

8 h 3   3.21333 

Sig.  .218 1.000 .620 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Only curcumin sample 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5.076 4 1.269 154.883 .000 

Within Groups .082 10 .008   

Total 5.158 14    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

8 h 3 4.35333    

6 h 3  4.60333   

4 h 3   5.17667  

2 h 3    5.68667 

0 h 3    5.83667 

Sig.  1.000 1.000 1.000 .070 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .473 4 .118 781.803 .000 

Within Groups .002 10 .000   

Total .475 14    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

0 h 3 .17867     

2 h 3  .21333    

4 h 3   .36167   

6 h 3    .54333  

8 h 3     .63000 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .644 4 .161 61.149 .000 

Within Groups .026 10 .003   

Total .670 14    

 

L. bulgaricus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.80000    

2 h 3  6.94667   

4 h 3   7.19333  

6 h 3   7.26000  

8 h 3    7.36000 

Sig.  1.000 1.000 .143 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups 17.304 4 4.326 176.903 .000 

Within Groups .245 10 .024   

Total 17.548 14    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.90333    

2 h 3  8.40667   

4 h 3   9.16333  

6 h 3    9.70333 

8 h 3    9.83333 

Sig.  1.000 1.000 1.000 .333 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L*   

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 29.382 4 7.346 6.357 .008 

Within Groups 11.556 10 1.156   

Total 40.938 14    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

2 h 3 92.00333  

0 h 3  94.08333 

4 h 3  94.85667 

8 h 3  95.76667 

6 h 3  95.78667 

Sig.  1.000 .100 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a*   

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 63.793 4 15.948 997.595 .000 

Within Groups .160 10 .016   

Total 63.953 14    

 

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

8 h 3 -8.79000     

6 h 3  -8.40000    

4 h 3   -7.73000   

2 h 3    -5.78000  

0 h 3     -3.21667 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b*   

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 267.956 4 66.989 331.936 .000 

Within Groups 2.018 10 .202   

Total 269.974 14    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 18.56333    

2 h 3  24.25000   

4 h 3   27.67000  

6 h 3    29.67000 

8 h 3    29.83333 

Sig.  1.000 1.000 1.000 .666 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Only CGA sample 

pH 

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.786 4 .947 253.987 .000 

Within Groups .037 10 .004   

Total 3.823 14    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

8 h 3 4.43667    

6 h 3  4.68000   

4 h 3   5.24333  

2 h 3    5.61333 

0 h 3    5.70667 

Sig.  1.000 1.000 1.000 .091 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .370 4 .093 1529.170 .000 

Within Groups .001 10 .000   

Total .371 14    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

0 h 3 .21167     

2 h 3  .24033    

4 h 3   .34067   

6 h 3    .51467  

8 h 3     .61667 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .821 4 .205 32.615 .000 

Within Groups .063 10 .006   

Total .884 14    

 

L. bulgaricus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.72000    

2 h 3  7.01333   

4 h 3   7.16000  

6 h 3   7.19667  

8 h 3    7.43000 

Sig.  1.000 1.000 .584 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups 17.162 4 4.291 165.066 .000 

Within Groups .260 10 .026   

Total 17.422 14    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.88000    

2 h 3  8.51333   

4 h 3   9.19000  

6 h 3    9.64000 

8 h 3    9.84667 

Sig.  1.000 1.000 1.000 .148 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L*   

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5.232 4 1.308 3.993 .034 

Within Groups 3.275 10 .328   

Total 8.507 14    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

0 h 3 71.00333  

4 h 3 71.08000  

6 h 3 71.38000  

2 h 3 71.47667  

8 h 3  72.64333 

Sig.  .367 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a*   

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.712 4 .428 42.143 .000 

Within Groups .102 10 .010   

Total 1.813 14    

 

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

6 h 3 2.62667  

8 h 3 2.66333  

4 h 3 2.74667  

0 h 3  3.34333 

2 h 3  3.38333 

Sig.  .194 .637 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b*   

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups .915 4 .229 2.198 .143 

Within Groups 1.040 10 .104   

Total 1.955 14    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

4 h 3 14.90667  

0 h 3 15.10667 15.10667 

2 h 3 15.36333 15.36333 

6 h 3 15.42000 15.42000 

8 h 3  15.61000 

Sig.  .099 .105 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Curcumin + CGA sample 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.760 4 .940 397.144 .000 

Within Groups .024 10 .002   

Total 3.783 14    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

8 h 3 4.43667    

6 h 3  4.65667   

4 h 3   5.25000  

2 h 3    5.63667 

0 h 3    5.65667 

Sig.  1.000 1.000 1.000 .626 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .386 4 .097 1109.216 .000 

Within Groups .001 10 .000   

Total .387 14    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 5 

0 h 3 .20567     

2 h 3  .23433    

4 h 3   .34533   

6 h 3    .51933  

8 h 3     .61800 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 



222 
 

L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .819 4 .205 27.074 .000 

Within Groups .076 10 .008   

Total .895 14    

 

L. bulgaricus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.70333    

2 h 3  6.96667   

4 h 3   7.18667  

6 h 3   7.22000 7.22000 

8 h 3    7.37667 

Sig.  1.000 1.000 .649 .052 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups 16.925 4 4.231 183.648 .000 

Within Groups .230 10 .023   

Total 17.155 14    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

0 h 3 6.93000    

2 h 3  8.45667   

4 h 3   9.18667  

6 h 3    9.69333 

8 h 3    9.84000 

Sig.  1.000 1.000 1.000 .264 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L*   

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 9.115 4 2.279 2.613 .099 

Within Groups 8.719 10 .872   

Total 17.835 14    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

4 h 3 70.35000  

0 h 3 70.51667  

6 h 3 70.82667 70.82667 

2 h 3 70.88333 70.88333 

8 h 3  72.53000 

Sig.  .528 .058 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a*   

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 19.279 4 4.820 1210.992 .000 

Within Groups .040 10 .004   

Total 19.319 14    

 

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

6 h 3 -.47333    

8 h 3 -.40000    

4 h 3  .19667   

2 h 3   1.42000  

0 h 3    2.45667 

Sig.  .185 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b* 

ANOVA 

b*  

 Sum of Squares df Mean Square F Sig. 

Between Groups 67.981 4 16.995 19.235 .000 

Within Groups 8.836 10 .884   

Total 76.816 14    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 

0 h 3 17.38333   

2 h 3  20.65667  

4 h 3  21.26333  

6 h 3  22.05333  

8 h 3   23.88000 

Sig.  1.000 .113 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Between samples at same time point 

At t=0 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .084 3 .028 13.975 .002 

Within Groups .016 8 .002   

Total .100 11    

 

pH 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 5.65667  

Only CGA 3 5.70667  

Only curcumin 3  5.83667 

Control 3  5.85333 

Sig.  .209 .661 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .003 3 .001 44.323 .000 

Within Groups .000 8 .000   

Total .003 11    

  

TA 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Only curcumin 3 .17867  

Control 3 .18167  

Curcumin + CGA 3  .20567 

Only CGA 3  .21167 

Sig.  .422 .129 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .018 3 .006 .632 .615 

Within Groups .075 8 .009   

Total .093 11    

 

L. bulgaricus 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Curcumin + CGA 3 6.70333 

Control 3 6.71333 

Only CGA 3 6.72000 

Only curcumin 3 6.80000 

Sig.  .282 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .004 3 .001 .195 .897 

Within Groups .059 8 .007   

Total .063 11    

 

S. thermophilus 

Duncana   

Sample N 

Subset for alpha = 

0.05 

1 

Only CGA 3 6.88000 

Only curcumin 3 6.90333 

Control 3 6.92000 

Curcumin + CGA 3 6.93000 

Sig.  .519 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L* 

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1837.610 3 612.537 2992.242 .000 

Within Groups 1.638 8 .205   

Total 1839.248 11    

 

L* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Curcumin + CGA 3 70.51667   

Only CGA 3 71.00333   

Only curcumin 3  94.08333  

Control 3   96.78333 

Sig.  .224 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a* 

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 76.535 3 25.512 7596.480 .000 

Within Groups .027 8 .003   

Total 76.561 11    

 

a* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Only curcumin 3 -3.21667    

Control 3  .37667   

Curcumin + CGA 3   2.45667  

Only CGA 3    3.34333 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b* 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 539.581 3 179.860 202.181 .000 

Within Groups 7.117 8 .890   

Total 546.698 11    

 

b* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Control 3 1.80000   

Only CGA 3  15.10667  

Curcumin + CGA 3   17.38333 

Only curcumin 3   18.56333 

Sig.  1.000 1.000 .164 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
At t=2 h 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .013 3 .004 3.364 .076 

Within Groups .010 8 .001   

Total .023 11    

 

pH 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Only CGA 3 5.61333  

Curcumin + CGA 3 5.63667 5.63667 

Only curcumin 3  5.68667 

Control 3  5.69000 

Sig.  .447 .117 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

 



229 
 

TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .002 3 .001 9.845 .005 

Within Groups .001 8 .000   

Total .003 11    

 

TA 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Control 3 .21033  

Only curcumin 3 .21333  

Curcumin + CGA 3  .23433 

Only CGA 3  .24033 

Sig.  .668 .400 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .010 3 .003 1.175 .378 

Within Groups .022 8 .003   

Total .032 11    

 

L. bulgaricus 

Duncana   

Sample N 

Subset for alpha = 

0.05 

1 

Control 3 6.94000 

Only curcumin 3 6.94667 

Curcumin + CGA 3 6.96667 

Only CGA 3 7.01333 

Sig.  .149 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .032 3 .011 .252 .858 

Within Groups .338 8 .042   

Total .370 11    

 

S. thermophilus 

Duncana   

Sample N 

Subset for alpha = 

0.05 

1 

Only curcumin 3 8.40667 

Curcumin + CGA 3 8.45667 

Only CGA 3 8.51333 

Control 3 8.54000 

Sig.  .475 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
L*   

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1453.068 3 484.356 162.448 .000 

Within Groups 23.853 8 2.982   

Total 1476.921 11    

 

L* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 70.88333  

Only CGA 3 71.47667  

Only curcumin 3  92.00333 

Control 3  94.25000 

Sig.  .685 .150 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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a* 

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 141.015 3 47.005 38112.081 .000 

Within Groups .010 8 .001   

Total 141.025 11    

 

a* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Only curcumin 3 -5.78000    

Control 3  .45000   

Curcumin + CGA 3   1.42000  

Only CGA 3    3.38333 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

b* 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 862.739 3 287.580 1601.744 .000 

Within Groups 1.436 8 .180   

Total 864.176 11    

 

b* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Control 3 1.92000    

Only CGA 3  15.36333   

Curcumin + CGA 3   20.65667  

Only curcumin 3    24.25000 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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At t=4 h 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .014 3 .005 .345 .794 

Within Groups .109 8 .014   

Total .123 11    

 

pH 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Only curcumin 3 5.17667 

Only CGA 3 5.24333 

Curcumin + CGA 3 5.25000 

Control 3 5.26667 

Sig.  .399 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .001 3 .000 2.232 .162 

Within Groups .001 8 .000   

Total .002 11    

 

TA 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Control 3 .33933 

Only CGA 3 .34067 

Curcumin + CGA 3 .34533 

Only curcumin 3 .36167 

Sig.  .063 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .002 3 .001 .172 .912 

Within Groups .039 8 .005   

Total .041 11    

 

L. bulgaricus 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Only CGA 3 7.16000 

Control 3 7.16333 

Curcumin + CGA 3 7.18667 

Only curcumin 3 7.19333 

Sig.  .594 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S.thermophilus   

ANOVA 

S.thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .002 3 .001 .047 .986 

Within Groups .142 8 .018   

Total .144 11    

 

S. thermophilus 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Control 3 9.15667 

Only curcumin 3 9.16333 

Curcumin + CGA 3 9.18667 

Only CGA 3 9.19000 

Sig.  .779 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L*  

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1839.669 3 613.223 1943.449 .000 

Within Groups 2.524 8 .316   

Total 1842.193 11    

 

L* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Curcumin + CGA 3 70.35000   

Only CGA 3 71.08000   

Only curcumin 3  94.85667  

Control 3   96.06000 

Sig.  .150 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a* 

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 184.799 3 61.600 9025.603 .000 

Within Groups .055 8 .007   

Total 184.854 11    

 

a* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Only curcumin 3 -7.73000    

Control 3  -.00333   

Curcumin + CGA 3   .19667  

Only CGA 3    2.74667 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

 

 



235 
 

b* 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1041.288 3 347.096 66218.643 .000 

Within Groups .042 8 .005   

Total 1041.330 11    

 

b* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Control 3 2.46000    

Only CGA 3  14.90667   

Curcumin + CGA 3   21.26333  

Only curcumin 3    27.67000 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
At t=6 h 

pH 

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .015 3 .005 1.203 .369 

Within Groups .033 8 .004   

Total .048 11    

 

pH 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Control 3 4.59667 

Only curcumin 3 4.60333 

Curcumin + CGA 3 4.65667 

Only CGA 3 4.68000 

Sig.  .173 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .002 3 .001 4.440 .041 

Within Groups .001 8 .000   

Total .003 11    

 

TA 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Only CGA 3 .51467  

Curcumin + CGA 3 .51933  

Control 3 .53567 .53567 

Only curcumin 3  .54333 

Sig.  .057 .422 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .007 3 .002 .474 .709 

Within Groups .039 8 .005   

Total .046 11    

 

L. bulgaricus 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Only CGA 3 7.19667 

Control 3 7.20667 

Curcumin + CGA 3 7.22000 

Only curcumin 3 7.26000 

Sig.  .326 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .008 3 .003 .117 .947 

Within Groups .192 8 .024   

Total .200 11    

  

S. thermophilus 

Duncana   

Sample N 

Subset for alpha = 

0.05 

1 

Only CGA 3 9.64000 

Control 3 9.65333 

Curcumin + CGA 3 9.69333 

Only curcumin 3 9.70333 

Sig.  .648 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
L* 

ANOVA 
L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1989.241 3 663.080 494.808 .000 

Within Groups 10.721 8 1.340   

Total 1999.961 11    

 

L* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 

Curcumin + CGA 3 70.82667  

Only CGA 3 71.38000  

Only curcumin 3  95.78667 

Control 3  97.83333 

Sig.  .574 .062 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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a* 

ANOVA 

a*  

 Sum of Squares df Mean Square F Sig. 

Between Groups 201.473 3 67.158 4938.069 .000 

Within Groups .109 8 .014   

Total 201.582 11    

 

a* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Only curcumin 3 -8.40000   

Curcumin + CGA 3  -.47333  

Control 3  -.26333  

Only CGA 3   2.62667 

Sig.  1.000 .058 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
b* 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1135.766 3 378.589 1144.839 .000 

Within Groups 2.646 8 .331   

Total 1138.411 11    

 

b* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Control 3 3.16667    

Only CGA 3  15.42000   

Curcumin + CGA 3   22.05333  

Only curcumin 3    29.67000 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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At t=8 h 

pH  

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .014 3 .005 1.237 .358 

Within Groups .031 8 .004   

Total .045 11    

 

pH 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Only curcumin 3 4.35333 

Control 3 4.39667 

Only CGA 3 4.43667 

Curcumin + CGA 3 4.43667 

Sig.  .160 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .001 3 .000 2.451 .138 

Within Groups .001 8 .000   

Total .002 11    

 

 

TA 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Only CGA 3 .61667 

Curcumin + CGA 3 .61800 

Only curcumin 3 .63000 

Control 3 .63767 

Sig.  .062 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .013 3 .004 .589 .639 

Within Groups .060 8 .007   

Total .073 11    

 

L. bulgaricus 

Duncana   

Sample N 

Subset for alpha = 

0.05 

1 

Only curcumin 3 7.36000 

Curcumin + CGA 3 7.37667 

Only CGA 3 7.43000 

Control 3 7.43667 

Sig.  .335 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .003 3 .001 .054 .982 

Within Groups .136 8 .017   

Total .139 11    

 

S. thermophilus 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 

Control 3 9.80667 

Only curcumin 3 9.83333 

Curcumin + CGA 3 9.84000 

Only CGA 3 9.84667 

Sig.  .732 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L* 

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1775.305 3 591.768 4925.588 .000 

Within Groups .961 8 .120   

Total 1776.266 11    

 

L* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Curcumin + CGA 3 72.53000   

Only CGA 3 72.64333   

Only curcumin 3  95.76667  

Control 3   97.96000 

Sig.  .699 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a* 

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 217.995 3 72.665 5416.028 .000 

Within Groups .107 8 .013   

Total 218.102 11    

 

a* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 

Only curcumin 3 -8.79000   

Control 3  -.40667  

Curcumin + CGA 3  -.40000  

Only CGA 3   2.66333 

Sig.  1.000 .946 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b* 

ANOVA 

b *  

 Sum of Squares df Mean Square F Sig. 

Between Groups 1196.663 3 398.888 4097.811 .000 

Within Groups .779 8 .097   

Total 1197.442 11    

 

b* 

Duncana   

Sample N 

Subset for alpha = 0.05 

1 2 3 4 

Control 3 3.21333    

Only CGA 3  15.61000   

Curcumin + CGA 3   23.88000  

Only curcumin 3    29.83333 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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II) Physico-chemical and microbial permeates for coconut yogurt during storage for 15 days at 

4ºC 

Sample Day Replicate pH TA 

LB 

count 

(cfu/g) 

ST 

count 

(cfu/g) 

L* a* b* 
Syneresis 

(%) 

Firmness 

(g) 

Control 

1 

1 4.42 0.644 7.15 9.52 97.46 -0.29 3.8 0.24 34.9 

2 4.35 0.657 7.25 9.8 97.84 -0.35 4.1 0.38 32.7 

3 4.39 0.648 7.27 9.12 96.05 -0.41 2.81 0.17 33.8 

5 

1 4.34 0.675 7.09 9.43 96.38 -0.38 2.2 0.15 34.97 

2 4.32 0.684 6.65 9.65 97.94 -0.52 4.26 0.43 35.4 

3 4.37 0.666 6.78 8.93 97.6 -0.25 4.06 0.25 35.48 

10 

1 4.33 0.684 6.78 9.45 97.69 -0.39 3.35 0.43 39.75 

2 4.32 0.689 7.07 9.07 96.94 -0.38 3.96 0.19 39.91 

3 4.32 0.689 6.46 8.75 98.24 -0.47 4.75 0.21 39.85 

15 

1 4.31 0.684 6.42 9.2 95.96 -0.4 4.13 0.37 39.23 

2 4.33 0.675 6.95 9.01 98.82 -0.51 5.56 0.19 38.7 

3 4.29 0.689 6.74 8.49 98.4 -0.38 4.17 0.26 38.34 

Curcumin 

+ CGA 

1 

1 4.43 0.621 7.01 9.37 70.96 -0.34 20.24 0.34 29.18 

2 4.38 0.630 7.43 9.33 72.3 -0.45 20.16 0.11 28.85 

3 4.42 0.626 7.07 9.78 72.57 -0.61 23.88 0.23 29.52 

5 

1 4.39 0.657 7.09 9.56 73.51 -0.48 24.63 0.27 32.63 

2 4.35 0.648 6.43 9.07 72.18 -0.59 22.83 0.21 32.1 

3 4.4 0.662 6.91 9.02 72.62 -0.36 23.72 0.17 32.37 

10 

1 4.38 0.662 6.74 9.05 70.98 -0.44 24.97 0.12 37.11 

2 4.33 0.662 7.15 8.87 75.41 -0.47 26.2 0.31 36.49 

3 4.36 0.666 6.68 8.94 73.2 -0.57 26.64 0.24 36.85 

15 

1 4.3 0.657 7.29 9.07 72.31 -0.68 27.43 0.3 35.87 

2 4.36 0.666 6.53 9 72.98 -0.61 25.98 0.14 36.23 

3 4.34 0.657 6.58 8.65 74.4 -0.74 28.48 0.29 36.1 
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Statistical Analysis  

Control sample 

pH  

 

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .010 3 .003 5.850 .020 

Within Groups .005 8 .001   

Total .015 11    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 15 3 4.31000  

Day 10 3 4.32333  

Day 5 3 4.34333 4.34333 

Day 1 3  4.38667 

Sig.  .141 .058 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .003 3 .001 18.382 .001 

Within Groups .000 8 .000   

Total .003 11    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 1 3 .64967  

Day 5 3  .67500 

Day 15 3  .68267 

Day 10 3  .68733 

Sig.  1.000 .065 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L. bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .488 3 .163 2.964 .097 

Within Groups .439 8 .055   

Total .927 11    

 

L. bulgaricus   

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 15 3 6.70333  

Day 10 3 6.77000 6.77000 

Day 5 3 6.84000 6.84000 

Day 1 3  7.22333 

Sig.  .512 .053 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

S. thermophilus 

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .597 3 .199 1.560 .273 

Within Groups 1.022 8 .128   

Total 1.619 11    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 15 3 8.90000 

Day 10 3 9.09000 

Day 5 3 9.33667 

Day 1 3 9.48000 

Sig.  .099 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L* 

ANOVA 

L *  

 Sum of Squares df Mean Square F Sig. 

Between Groups .714 3 .238 .218 .881 

Within Groups 8.746 8 1.093   

Total 9.460 11    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 1 3 97.11667 

Day 5 3 97.30667 

Day 10 3 97.62333 

Day 15 3 97.72667 

Sig.  .519 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

a* 

ANOVA 

a *  

 Sum of Squares df Mean Square F Sig. 

Between Groups .011 3 .004 .510 .686 

Within Groups .058 8 .007   

Total .069 11    

  

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 15 3 -.43000 

Day 10 3 -.41333 

Day 5 3 -.38333 

Day 1 3 -.35000 

Sig.  .311 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b* 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.379 3 .793 1.093 .406 

Within Groups 5.804 8 .726   

Total 8.183 11    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 5 3 3.50667 

Day 1 3 3.57000 

Day 10 3 4.02000 

Day 15 3 4.62000 

Sig.  .171 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Syneresis 

ANOVA 

Syneresis   

 Sum of Squares df Mean Square F Sig. 

Between Groups .000 3 .000 .008 .999 

Within Groups .115 8 .014   

Total .115 11    

 

Syneresis 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 1 3 .26333 

Day 15 3 .27333 

Day 5 3 .27667 

Day 10 3 .27667 

Sig.  .901 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Firmness  

ANOVA 

Firmness   

 Sum of Squares df Mean Square F Sig. 

Between Groups 72.880 3 24.293 65.121 .000 

Within Groups 2.984 8 .373   

Total 75.864 11    

 

Firmness 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 

Day 1 3 33.80000   

Day 5 3  35.28333  

Day 15 3   38.75667 

Day 10 3   39.83667 

Sig.  1.000 1.000 .062 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Curcumin + CGA sample  

pH 

ANOVA 

pH   

 Sum of Squares df Mean Square F Sig. 

Between Groups .010 3 .003 4.345 .043 

Within Groups .006 8 .001   

Total .016 11    

 

pH 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 15 3 4.33333  

Day 10 3 4.35667 4.35667 

Day 5 3 4.38000 4.38000 

Day 1 3  4.41000 

Sig.  .079 .050 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
TA 

ANOVA 

TA   

 Sum of Squares df Mean Square F Sig. 

Between Groups .003 3 .001 34.818 .000 

Within Groups .000 8 .000   

Total .003 11    

 

TA 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 1 3 .62567  

Day 5 3  .65567 

Day 15 3  .66000 

Day 10 3  .66333 

Sig.  1.000 .114 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L. bulgaricus   

ANOVA 

L.bulgaricus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .278 3 .093 .894 .485 

Within Groups .828 8 .104   

Total 1.106 11    

 

L. bulgaricus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 15 3 6.80000 

Day 5 3 6.81000 

Day 10 3 6.85667 

Day 1 3 7.17000 

Sig.  .222 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
S. thermophilus   

ANOVA 

S. thermophilus   

 Sum of Squares df Mean Square F Sig. 

Between Groups .660 3 .220 4.192 .047 

Within Groups .420 8 .052   

Total 1.080 11    

 

S. thermophilus 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 15 3 8.90667  

Day 10 3 8.95333  

Day 5 3 9.21667 9.21667 

Day 1 3  9.49333 

Sig.  .151 .177 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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L* 

ANOVA 

L*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.228 3 1.076 .594 .636 

Within Groups 14.495 8 1.812   

Total 17.724 11    

 

L* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 1 3 71.94333 

Day 5 3 72.77000 

Day 10 3 73.19667 

Day 15 3 73.23000 

Sig.  .302 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 
a* 

ANOVA 

a*   

 Sum of Squares df Mean Square F Sig. 

Between Groups .089 3 .030 2.931 .100 

Within Groups .081 8 .010   

Total .170 11    

 

a* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 

Day 15 3 -.67667  

Day 10 3 -.49333 -.49333 

Day 5 3  -.47667 

Day 1 3  -.46667 

Sig.  .056 .763 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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b* 

 

ANOVA 

b*   

 Sum of Squares df Mean Square F Sig. 

Between Groups 59.674 3 19.891 10.400 .004 

Within Groups 15.302 8 1.913   

Total 74.976 11    

 

b* 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 

Day 1 3 21.42667   

Day 5 3 23.72667 23.72667  

Day 10 3  25.93667 25.93667 

Day 15 3   27.29667 

Sig.  .076 .086 .263 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Syneresis 

 

ANOVA 

Syneresis   

 Sum of Squares df Mean Square F Sig. 

Between Groups .001 3 .000 .047 .986 

Within Groups .066 8 .008   

Total .067 11    

 

Syneresis 

Duncana   

Time N 

Subset for alpha = 0.05 

1 

Day 5 3 .21667 

Day 10 3 .22333 

Day 1 3 .22667 

Day 15 3 .24333 

Sig.  .743 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Firmness 

 

ANOVA 

Firmness   

 Sum of Squares df Mean Square F Sig. 

Between Groups 112.377 3 37.459 479.273 .000 

Within Groups .625 8 .078   

Total 113.003 11    

 

Firmness 

Duncana   

Time N 

Subset for alpha = 0.05 

1 2 3 4 

Day 1 3 29.18333    

Day 5 3  32.36667   

Day 15 3   36.06667  

Day 10 3    36.81667 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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III) HPLC analysis for quantification of curcumin and CGA in yogurt samples during storage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound Day Peak Area Average retention (%) 

Curcumin 

1 

312904 

100 
284076 

315794 

294432 

5 

198415 

66.607±1.491 
190315 

179521 

227007 

10 

172761 

68.728±15.258 
146442 

170311 

331065 

15 

196378 

63.310±3.199 
200669 

192621 

166225 

CGA 

1 

6724861 

100 
5942325 

725970 

597692 

5 

5845173 

90.225±5.467 
6276379 

495009 

626897 

10 

5968790 

90.589±2.622 
5838409 

584672 

579721 

15 

5547896 

84.810±3.173 
5597119 

555834 

524758 
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Statistical Analysis   

Curcumin  

 

ANOVA 

Curcumin   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1741.978 3 580.659 4.735 .084 

Within Groups 490.533 4 122.633   

Total 2232.511 7    

 

Curcumin 

Duncana   

Day N 

Subset for alpha = 0.05 

1 2 

Day 15 2 63.3095  

Day 5 2 66.6070  

Day 10 2 68.7280  

Day 1 2  100.0000 

Sig.  .654 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 

CGA 

 

ANOVA 

CGA   

 Sum of Squares df Mean Square F Sig. 

Between Groups 238.849 3 79.616 3.400 .134 

Within Groups 93.667 4 23.417   

Total 332.516 7    

 

CGA 

Duncana   

Day N 

Subset for alpha = 0.05 

1 2 

Day 15 2 84.8100  

Day 5 2 90.2255 90.2255 

Day 10 2 90.5895 90.5895 

Day 1 2  100.0000 

Sig.  .304 .118 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 
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IV) Sensory evaluation of yogurt samples during storage  

Day 

Parameters 

Appearance Mouthfeel Texture Flavour 
Overall 

acceptance 

A B A B A B A B A B 
1 6.6±1.43 6 ±1 6.6±0.66 6.3±1.01 6.7±0.64 6.4±0.8 6.7±1.62 6.7±1.27 6.9±0.54 6.5±0.81 

5 6.4±1.28 6.1±1.38 7±1.48 6.7±0.64 7±1.27 6.5±1.02 6.9±1.22 6.3±0.9 6.7±1.1 6.1±0.83 

10 6.1±1.58 6.2±1.47 6.2±1.08 6.7±0.64 6.7±0.78 7±0.45 6.4±1.36 6.6±1.69 6.4±1.11 6.7±1.62 

15 6.2±1.47 6.1±1.22 6±1.41 6.5±1.12 6.4±1.36 6.5±0.5 6.6±1.5 6.6±1.11 6.4±1.36 6.2±0.87 

 

 

Statistical Analysis   

Control sample 

Appearance  

 

ANOVA 

Appearance   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.475 3 .492 .212 .887 

Within Groups 83.300 96 2.314   

Total 84.775 99    

 

Appearance 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 10 25 6.1000 

Day 15 25 6.2000 

Day 5 25 6.4000 

Day 1 25 6.6000 

Sig.  .510 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 
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Mouthfeel 

ANOVA 

Mouthfeel   

 Sum of Squares df Mean Square F Sig. 

Between Groups 5.900 3 1.967 1.221 .316 

Within Groups 58.000 96 1.611   

Total 63.900 99    

 

Mouthfeel 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 15 25 6.0000 

Day 10 25 6.2000 

Day 1 25 6.6000 

Day 5 25 7.0000 

Sig.  .116 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 
 

Texture 

ANOVA 

Texture   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.800 3 .600 .484 .695 

Within Groups 44.600 96 1.239   

Total 46.400 99    

 

Texture 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 15 25 6.4000 

Day 1 25 6.7000 

Day 10 25 6.7000 

Day 5 25 7.0000 

Sig.  .280 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 
 



258 
 

Flavour 

ANOVA 

Flavour   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.300 3 .433 .191 .902 

Within Groups 81.800 96 2.272   

Total 83.100 99    

 

Flavour 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 10 25 6.4000 

Day 15 25 6.6000 

Day 1 25 6.7000 

Day 5   25 6.9000 

Sig.  .506 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 
 

Overall acceptance  

ANOVA 

Overall acceptance  

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.800 3 .600 .472 .704 

Within Groups 45.800 96 1.272   

Total 47.600 99    

 

Overall acceptance 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 10 25 6.4000 

Day 15 25 6.4000 

Day 5 25 6.7000 

Day 1 25 6.9000 

Sig.  .375 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 
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Curcumin + CGA sample  

Appearance  

 

ANOVA 

Appearance   

 Sum of Squares df Mean Square F Sig. 

Between Groups .200 3 .067 .037 .990 

Within Groups 65.400 96 1.817   

Total 65.600 99    

 

Appearance 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 1 25 6.0000 

Day 5 25 6.1000 

Day 15 25 6.1000 

Day 10 25 6.2000 

Sig.  .766 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 
Mouthfeel 

ANOVA 

Mouthfeel   

 Sum of Squares df Mean Square F Sig. 

Between Groups 1.100 3 .367 .429 .734 

Within Groups 30.800 96 .856   

Total 31.900 99    

 

Mouthfeel 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 1 25 6.3000 

Day 15 25 6.5000 

Day 5 25 6.7000 

Day 10 25 6.7000 

Sig.  .386 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 
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Texture 

ANOVA 

Texture   

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.200 3 .733 1.234 .312 

Within Groups 21.400 96 .594   

Total 23.600 99    

 

Texture 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 1 25 6.4000 

Day 5 25 6.5000 

Day 15 25 6.5000 

Day 10 25 7.0000 

Sig.  .120 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 

 

Flavour 

ANOVA 

Flavour   

 Sum of Squares df Mean Square F Sig. 

Between Groups .900 3 .300 .166 .918 

Within Groups 65.000 96 1.806   

Total 65.900 99    

 

Flavour 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 5 25 6.3000 

Day 10 25 6.6000 

Day 15 25 6.6000 

Day 1 25 6.7000 

Sig.  .551 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 
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Overall acceptance 

ANOVA 

Overall acceptance   

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.275 3 .758 .580 .632 

Within Groups 47.100 96 1.308   

Total 49.375 99    

 

Overall acceptance 

Duncana   

Day N 

Subset for alpha = 0.05 

1 

Day 5 25 6.1000 

Day 15 25 6.2000 

Day 1 25 6.5000 

Day 10 25 6.7000 

Sig.  .294 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 25.000. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 


