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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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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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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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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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Figure 3.3: Experimental design used for the development of coconut cream yogurt enriched 

with chlorogenic acid (CGA) and curcumin. 
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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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(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, OxoidTM, UK) was dissolved in 1 L of distilled water and autoclaved (Astell ScientificTM, 

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 ScientificTM, 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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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 C3 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 C3 complex® AU was used to introduce curcumin in yogurt. The amount 

of curcumin in Curcumin C3 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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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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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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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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 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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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: 



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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Appendix 5 

Raw and Statistically Analysed Data for In Vitro  Study 

 

I) Optimisation of PMA concentration 
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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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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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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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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 
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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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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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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 
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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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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. 
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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. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



254 
 

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. 
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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. 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 


