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Abstract 

Aloe Vera (Aloe Barbadensis Miller) has many medicinal properties which potentially 

benefits to human. In order to enhance its property or prolong it, various vitamins and 

mangosteen extract are added and prepared into 6 formulations Al to A6. Each formulation is 

differentiated based on percentage of vitamin C and mangosteen extract; 0-0, 0.5-0, 0-0.5, 0.5-

0.5, 0.5-1.0 and 0.5-2.0 o/ow/v respectively. Both physical and chemical properties were 

studied; pH, microbial growth, colour, antioxidant (DPPH and TPC) and etc. According to the 

result, % antioxidant of Aloe Vera gels was ranging from 44.68 ±10.80% to 85.48±2.46%. 

Aloe Vera gel of A6 containing 0.5% vitamin C and 2.0% mangosteen extracts showed the 

highest antioxidant activity as 85.48±2.46 % while Aloe Vera gel A4 containing 0.5% vitamin 

C and 0.5% mangosteen extract showed the highest amount ofTPC as 141.34±4.89 µgGAE/ml. 

After 8 weeks, the Aloe Vera gel A6 also exhibited the highest antioxidant property as 91.52 

± 2. 97 % and had no significant difference from week 0, followed by A4 which showed 

antioxidant activity as 83.02±1.59 % However, all formulations showed a moderate to high 

decrease in TPC. On the other hand, Aloe Vera gel A2 containing 0.5% vitamin C and no 

mangosteen extracts appeared to be more stable in the phenolic content since it exhibited the 

least decrease of TPC among all samples. According to physical characteristics and antioxidant 

property of A 1 to A6, the Aloe Vera gel A4 could retain their microbiological qualities and 

physicochemical properties which showed 83.02±1.59 % antioxidant and TPC as 12.27±1.46 

µgGAE/ml throughout shelf-life study for 8 weeks. 

Key words: Aloe Vera, Mangosteen extract, Vitamin C, Antioxidant, Total Phenolic content 

ii 



1'BE ASSUMPTION UNIVERSITY LIBRA&l 

Table of Contents 

Acknowledgement ..................................... .... ............... ... ........ ......... .... ........ ............ .......................... ... .. i 

Abstract. ........................................................................... ....... ... ...... ............. .... ..... .. ............................... ii 

Table of Contents ................................................................................................................................... iii 

List of Figures ....... ............. ...... .... .. ......... ... ............. .. .............................................. .. ............. .. ..... ........... v 

List of Tables ......... .. .... .............. .................................. ................. ....... ...... ... ... ... .. ................................. vi 

Introduction ...... .. ... ...... ... ....... ..... ... ........ .... ..... ... ..... ... .............. ... ............................ ........ .... ..... ...... ..... ...... 1 

Objectives .......... ...... ...... .... .... ... .. .. ..... .... ......... .... .............................................................................. ....... 2 

Literature review .... ............................ ... ..... ..... .......... ..... .... ......... ....... ..... ... .......... ......... .... ..... ..... .. ... ... ..... 3 

I. Aloe Vera gel ............................................ ... ....... ..... .. .. ..... ..... ..... ........ .......... .... .... ...... .... ...... ... .... 3 

1.1 Preparation of Aloe Vera cosmetic herbal gel and its properties towards physical and 
chemical properties . ... ....... ........... ... .... ................... ...... ....... ............................................. ..... ........... 3 

II. Physical and chemical properties of AV gel.. ....... .. .................... .... ............................................ . 3 

2. 1 Antioxidant activity ............................ .. ... .. ...... .... ....... .... ........ .... ..... ........... ... .... ..... ..... ... .... ..... 3 

2.2 Colour ................... .. ....... ..... ........ .. ........... ...... .............. ...... ..... ... ....... ........ ... ..... ..... ............... ... 4 

2.3 Moisture content ...... ....... .. ...... ...... ...... .. ..... ..... ..... .... .... ..... ..... ... ....... ....... ... ..... .... ... .... ... .. ... .... .. 4 

2.4 Input Vitamins properties ........... .... .............................. ..... ...... .............................. ........ .......... 4 

2.5 Vitamin C ... ........... .. ............. ........ ................................... .... .... .. .. ...... ... .................. ........ ........ .. 4 

2.6 Mangosteen extract ... ..... .... ..... ... .... ............... ........ .. ...... ........ ...... ... ........ .............. ..... .... ........... 5 

Methodology ................ .. ....... ..... .. ... ..... ......... ...................... .......... ........................................................... 6 

Materials ..... ..... .. ..... .. ........................................ ..... .. ... ..... ... ................................ ....... .... ... ......... .. .. .. .... 6 

Equipments ............. .............. ....... ........... ......... ... .. ....... ........ .... ....... .... ... ....... ....... .. .... ....... .. .......... .. ... .. 6 

Method ... .. ... ............................. ... ...... ...... ....... .................................. ..... ....... ........................ ......... ....... 6 

1. Preparation of Aloe Vera gel .......................................... ..................................... ........................ 6 

2. Encapsulation formulation design .... ... ....... .. .... ..... ...... .......... .. ... ........ .. ...... .... ... ... .......... .. .. ....... .. 6 

3. pH assessment. ....... ....... .. ... ... ... .... .. ... .................. ............ ..... .. .... .. ..... .... ... .. ..... .... ..................... .... 7 

4. Visualised Microbial growth ...... ....................... ....................... ....................................... ........... . 7 

5. Colour measurement .... .. .. ........ .... .. ... ............... ...... ........ ............... ............... ... .. ... ...... ... ...... ... ...... ? 

6. Moisture content (weigh can) ................................................ .... .................................................. 8 

7. Antioxidant activity ............... ... ......... .. ... ........ .............. .. ....... .. ............ ....................... .. .... ... .... .... 8 

8. Phenolic compound ...... .. ... ...... ... ..... .... ..... .... .. .. .... ..... ..... .. ...... .... .......... ........ ..... ... ... ...... .. .... .. ...... 8 

9. Antibacterial effect ......................................... ....................... ................ ............. .......... ........... .. .. 9 

Result & Discussion ....... ....... ... .. ... .... .... ..... ...... ........ ....... ..... .. ..... ..... ..... ....... ..... .. .... ..... .......... .......... ..... 10 

iii 

lib01
Rectangle



1. pH .............................................................................................................................................. 10 

2. Visualised Microbial growth ..................................................................................................... 13 

3. Colour ........................................................................................................................................ 14 

4. % Moisture content. ................................................................................................................... 18 

5. % DPPH inhibition .................................................................................................................... 21 

6. Total Phenolic content (µg/ml) .................................................................................................. 24 

7. Antibacterial effect .................................................................................................................... 26 

Conclusion ............................................................................................................................................. 28 

References .............................................................................................................................................. 29 

Appendix ................................................................................................................................................ 32 

1. pH .............................................................................................................................................. 32 

2. Microbial growth ....................................................................................................................... 33 

3. Colour ........................................................................................................................................ 36 

4. Moisture content ........................................................................................................................ 38 

5. Antioxidant (DPPH) .................................................................................................................. 41 

6. Antioxidant (Phenolic content) ................................................................................................. .43 

7. Antibacterial effect .................................................................................................................... 45 

iv 



List of Figures 

Figure 1 : The example of the study disc diffusion; brown colour line represented spread plate 

technique .................................................................................................................................... 9 

Figure 2: Initial pH of AV gel A 1 to A6 .................................................................................. 11 

Figure 3: pH of AV gel A 1 to A6 for 8 weeks ......................................................................... 11 

Figure 4: L* comparison between each sample Al-A6 on particular period of time from week 

3 to week 9 ............................................................................................................................... 14 

Figure 5: a* comparison between each sample Al-A6 on particular period of time from week 

3 to week 9 ............................................................................................................................... 15 

Figure 6: b* comparison between each sample Al-A6 on particular period of time from week 

3 to week 9 ............................................................................................................................... 15 

Figure 7: llE comparison between each sample Al-A6 on particular period of time from week 

3 to week 9 ............................................................................................................................... 16 

Figure 8: Moisture content on encapsulated AV gel ............................................................... 18 

Figure 9: The overall% Moisture content on encapsulated AV gel after 8 weeks ................. 18 

Figure 10: Antioxidant activity of AV gel Al to A6 ............................................................... 21 

Figure 11: Antioxidant activity of AV gel A 1 to A6 at different time periods ....................... 21 

Figure 12: Total phenolic compounds (µg/ml) on AV gel Al to A6 ...................................... 24 

Figure 13: Total phenolic compounds (µg/ml) of AV gel Al to A6 at different time periods24 

Figure 14: The inhibition zone of each sample (Al to A6) based on two specific bacteria; E. 

coli & S. aureus after 8 weeks using 6 mm-diameter filter paper ........................................... 26 

Figure 15: gallic acid standard curve (µg/ml) .......................................................................... 43 

Figure 16 Inhibition zone of E.coli with sample Al-A6 ........................................................ .47 

Figure 17 Inhibition zone of S. aureus with sample A l-A6 ................................................... .48 

v 



List of Tables 

Table 1: The composition of each formulation from Al to A6 ................................................. 7 

Table 2: The composition of each formulation from A 1 to A6 ............................................... 10 

Table 3: pH comparison between samples Al to A6 on initial pH and pH after 8 weeks ....... 11 

Table 4: The microbial growth comparison of sample Al to A6 on following periods .......... 13 

Table 5: The comparison between Colour differences using CIEL L*a*b* scale between 

sample A 1 to A6 on week 3 and week 9 .................................................................................. 16 

Table 6: The comparison between Moisture content of AV gel Al to A6 at different time 

periods ...................................................................................................................................... 19 

Table 7: Evaluation of AV gel Al to A6 after 8 weeks ........................................................... 20 

Table 8: The comparison of DPPH inhibition of AV gel A 1 to A6 on initial week and after 8 

weeks passed ............................................................................................................................ 22 

Table 9: The comparison between Total Phenolic compounds (µg/ml) of AV gel Al to A6 at 

different time periods ............................................................................................................... 25 

Table 10: The average and standard deviation diameter of inhibition zone of each samples (A 1 

to A6) based on two specific bacteria; E.coli & S aureus after 8 weeks using 6 mm-diameter 

filter paper. ............................................................................................................................... 27 

Table 13: pH of Al to A3 on 10 week period .......................................................................... 32 

Table 14: Microbial growth of All -A26 on 8 week periods ................................................ 33 

Table 15: Microbial growth of A3 l -A46 on 8 week periods ................................................ 34 

Table 16: Microbial growth of A5 l - A66 on 9 week periods ................................................ 34 

Table 17: The overall microbial growth of Al to A6 on 9 week periods ................................ 35 

Table 18: The colour L*, a* and b* of Al to A6 samples on 8 weeks .................................... 36 

Table 19: Colour of Al to A6 on L *,a*, b* and L1E ............................................................... 38 

Table 20: Moisture content of Al to A6 on 8 weeks period .................................................... 39 

Table 21: The overall data of moisture content of A 1 to A6 .................................................. .41 

Table 22: Absorbance of Al to A6 on DPPH assay on 3 periods of weeks ........................... .41 

Table 23: % DPPH inhibition of Al to A6 on week 0. 4 and 8 .............................................. .41 

Table 24: % scavenging effect of Al to A6 on week 0 and 8 ................................................ .42 

Table 25: Standard curve of gallic acid .................................................................................. .43 

Table 26: Concentration of TPC Al to A6 on week 0, 4 and 8 ............................................... 43 

Table 27: TPC Al to A6 of week 0 and 8 ................................................................................ 45 

vi 



Table 28: Antibacterial property of Al to A6 on E.coli and S. aureus ................................... 45 

Table 29: Disc diffusion plate of Al to A6 ............................................................................. .46 

Table 30: Antibacterial effect of Al to A6 on two human pathogens ..................................... 47 

vii 



Introduction 

In Thailand, the use of Aloe Vera (Aloe barbadensis Miller) or AV has been 

significantly increased over years and recently become one of the most popular commercial

economic plant by which it has an important role of exporting plants to China, Japan, USA, 

France and etc. Plus, it has been cultivated over 539,000 tons in 2013 and 280,000 tons in a 

later year according to the Department of Agricultural Extension of Thailand. Aloe Vera has 

various bioactive compounds such as vitamins (E, C), fibres, amino acids, minerals and 

antioxidants (Surjushe et al., 2008) For their essential medicinal properties, it has potential 

health benefits, for instance, healing bums, prohibiting microbial growth, reducing 

constipation, lowering blood sugar level, and providing antimicrobial and antioxidant 

properties. 

Normally, Aloe Vera or AV gel has rich in vitamins, however, destabilisation of AV 

gel may be occurred from some components in term of gel forming and others. Therefore, 

fortification of AV gel with supplements and vitamin such as vitamin E, vitamin B, collagen, 

etc. would enrich AV gel with added nutrients to improve its health benefits. 

Thought, Thailand has been one of the most important country exporting AV including 

sterile AV, canned AV and saline AV, there is not much of the research have been said that the 

vitamins and collagen can be added directly be using encapsulation technique and be stable as 

its original form and retained their efficiency and stability this research is aimed to maximise 

the effectiveness and stability of AV gel containing vitamins and mangosteen extract by 

observing on their colour, texture, spectroscopic characteristics and others. 

To observe the characteristics of the AV gel, several parameters were investigated such 

as the observation of colour, transparency, moisture content, viscosity and microbial growth 

behaviour under the different formulations of mangoesteen extract and vitamins to ensure the 

physical stability and antioxidant activity of AV gel. 
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Objectives 

To develop AV gel containing mangosteen extract and vitamins. 

To analyse physical and chemical properties of the formulated AV gel such as colour, 

transparency, moisture content and antioxidant activities. 
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Literature review 

I. Aloe Vera gel 

1.1 Preparation of Aloe Vera cosmetic herbal gel and its properties towards physical 

and chemical properties. 

In general, Aloe Vera or AV was usually used for their herbal benefits which mainly 

commercialised by gel form. By using knife, gel was isolated from Aloe Vera plants by 

extracting the inner mucilaginous parenchymatous tissues of Aloe Vera leaves which has a 

watery and smooth surface and texture out of the plants. AV plant should be before 36 hours 

to avoid non enzymatic browning reaction that might occurred during extracting Then, heating 

process was taken the action towards the AV gel for 2 hours at pH around 5.5 to 6.0 by using 

Tartaric acid for adjustment of pH. For their herbal properties, water was added double the 

volume of AV gel and the other remaining ingredients such potassium sorbate, sodium 

benzoate, glycerine and others were consequently added into the solution (Charu et. al, 2015). 

Lastly, the AV gel solution had been packed into the closed container to avoid any 

contaminations and other interferences. Another technique of making AV gel used, by which 

chitosan (CH) was implemented in 2% v/v of AV solution to obtain the gel solution. The result 

was showed the efficient stability towards the AV gel formation. (Diana Marcela Escobar

Sierra and Paola Perea-Mesa, 2017). Some study had shown that 6% AV gel performed better 

elongation as well as a prominent force at break value. But on the other hand, 12 % AV gel 

had built a better evidence of the increases in chemical interaction (Balaji, Arunpandian et. al, 

2015) 

II. Physical and chemical properties of AV gel 

Many researches had been examined the properties of such AV herbal gel in different 

properties; transparency, viscosity, stability, antioxidant activity and moisture content. 

2.1 Antioxidant activity 

Some research reported as their research studied on the antioxidant activity of some 

part of Aloe Vera towards other antioxidant compounds such as BHT and a-tocopherol, and 

compare each antioxidant property as Trolox (76.8%) > ethanol extracts of Aloe Vera skin 
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(39.7%) > BHT (35.9%) >the extract of supercritical carbon dioxide extraction (33.5%) >a

tocopherol (25.6%) >ethanol extracts of Aloe Vera pulp (14.2%) (Quihui Hu, 2005). 

2.2 Colour 

The colour of AV gel has a unique characteristic. Whether it stays on its original stage, 

untreated or even pressurised, the colour is nearly the same or slightly changed. It is clearly 

obvious that it has high stability towards any physical conditions. However, the colour change 

can possibly be oxidised by both rat's and our intestinal bacteria (Vyth A & Kamp PE, 1979) 

2.3 Moisture content 

Moisture content under the preparation of AV gel was found to be 99 - 99.5%, which 

indicated the high water content contained in the gel (Femenia A, 1999) 

Rehydration is the process of restoring lost water to the body tissues and fluids which 

may cause by heavy exercises, diseases, and others. Whereas AV gel had long known on their 

rehydration benefits; but sometimes those benefits can be interrupted by other physical 

properties such pressure. Some study had shown that rehydration ratio (RR) and water holding 

capacity would vary depending on the pressure change. (Karina DI SCALA et. al, 2013). The 

higher the pressure, the higher the RR was. As the pressure could damage the cells structure, it 

would show the modification on the osmotic properties of the cell and diffusion of water 

through the surface. (KA YMAK-ERTEKIN, 2002). Unlike high pressure, low pressure would 

not cause much of the damage to the cell meaning that RR ratio was lower than the originals. 

2.4 Input Vitamins properties 

In nature, AV consisted of many essential vitamins, minerals, trace elements and some 

protein like collagen that are beneficial to our body such as nourishing, enhancing moisture, 

whitening and etc. 

2.5 Vitamin C 

Vitamin C is a water-soluble vitamin that has a significant role in collagen formation 

and repair tissue such healing wounds, assist in growth of healthy skin, tendons, and blood 

vessels, and maintain cartilage, bones and teeth by enhancing the absorption of iron. Vitamin 

C is also known for its property of being an antioxidant and sometimes acts as an enzyme 

cofactor, this may help blocking damage caused from free radicals which can be exposed from 

the surrounding area and environment such as smoke from cars and cigarettes. Unfortunately, 

Vitamin C is sensitive to light, heat, air; it was destroyed over time when exposing to various 

sources and illumination intensities, atmospheric oxygen and sometimes by heat like in food 
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processmg can destabilised or interrupted vitamin structure within the food (Songtil 

<;AKMAK<;I, 2005). For example, when fruits were stored at room temperature, all the vitamin 

C content was oxidised and reduced double amount as it presented before. Some compounds 

such as hydrogen sulphide and 1,4-dithio-dl-threitol had been employed and acted as stabiliser. 

2.6 Mangosteen extract 

Mangosteen (Garcinia mangostana) is a tropical evergreen tree with various medicinal 

uses. It is usually taken for weight loss, curing gum diseases, some used as for remedying 

diarrhoea and infections. Plus, mangosteen colour indicates antioxidant activity relating to the 

high concentration of phenolics and flavonoids. The extract was moderately found to be stable 

at a concentration of 1.0 mg/mL at pH 3 at 23 °C over 7 days. Mangosteen extracts can 

therefore be used in pharmaceutical products that require low to medium pH (Nattata Lourith 

et al., 2011) 
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Methodology 

Materials 

Aloe Vera leaves (22-24cm length x 4-6cm width) 

Sodium benzoate 

Tartaric acid 

Vitamin C 

Panthetol or BS 

Mangosteen extract 

Distilled water 

Equipment 

pH meter (model: SED12500V - Speedmark) 

Colorimeter (model: HunterLAB Miniscan EZ 4500L) 

Spectrophotometer (model: 1200 - UNICO) 

Incubator (model: BTS.1/94 MTEC) 

Hot air oven (model: UM500 - MTEC) 

Blender 

Methods 

1. Preparation of Aloe Vera gel 

Organic Aloe Vera leaves (Barbedensis species) from Thai local farm in Bangkok with 

approximately 22-24cm length and 4-6cm width with guarantee of 100% organic cultivation. 

To prepare the Aloe Vera gel, Aloe Vera leaves were left to stand vertically for 5-10 minutes 

to let the Aloe Vera mucilage out of the leaf. Then, the leaves were washed and peeled off by 

using knife. The Aloe Vera flesh was taken by using a spoon and washed the flesh properly to 

remove latex residue. Subsequently, the flesh was mixed with other components in further steps 

or kept in freezer. 

2. Encapsulation formulation design 

Each formulation design was prepared for 6 different varieties in the total volume of l .8L 

or 300ml per each formulated sample as shown in the following table. 
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Table 1: The composition of each formulation from A 1 to A6 

Al A2 A3 A4 AS A6 

Aloe Vera o/ow/v 95 95 95 95 95 95 

Sodium benzoate o/ow/v - 0.5 0.5 0.5 0.5 0.5 

Tartaric acid %w/v - 0.5 0.5 0.5 0.5 0.5 

Ascorbic acid (Vit C) - 0.5 - 0.5 0.5 0.5 

%w/v 

D-pentenol (B5) %w/v - 0.5 0.5 0.5 0.5 0.5 

Mangosteen extract o/ow/v - - 0.5 0.5 1 2 

dH20 % 5 3 3 2.5 2 1 

#Note: (A) =Aloe Vera Formulation 

Each formulation was done in 3 replications, 100 ml each. 

3. pH assessment 

pH meter model: SED12500V - Speedmark was used to measure pH with room 

temperature. pH meter was calibrated using standard pH buffer of 4.0 and 7.0. The electrode 

was washed twice on distilled water and dried with tissue paper before the beginning of each 

measurement. The measurements were done weekly in quintuplicate. 

4. Visualised Microbial growth 

1 Oml of formulated sample solution was aseptically transferred onto an anchor hocking 

half-pint jar on initial week. The growth of visualised microbial was observed weekly and 

stopped wheri there is the presence of any microbial growth. 

5. Colour measurement 

CIE L * a* b* colour system from Hunter Lab was used in order to measure the precise and 

accurate uniform colour from the samples through light sensor. The point differences indicate 

the colour space corresponding to visual difference colour plotted. However, the system is 

organised in a cube form which each direct represented different colour as; positive and 

negative L * are white and black, positive and negative a* are red and green and positive and 

negative b* are yellow and blue respectively. To complete the experiment, the samples were 

done in quintuplicate. 
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6. Moisture content (weigh can) 

3 g of each formulation was weighed accurately and kept in desiccator containing by using 

Moisture can. After one day, the collected formulation was weighed and put in oven with 65°C 

for 3 hours, put back to desiccator for 30minute and weigh again. This measurement was done 

monthly. The percentage of moisture content was calculated using the formula below; 

P t . t t t initial weight-Final weight lOO ercen age m01s ure con en = . . 
1 

. h x 
Initia weig t 

7. Antioxidant activity 

DPPH or 1, l-diphenyl-2-picryl-hydrazyl assay was used by using lml of 0.1 mM solution 

of DPPH in methanol and 3ml of different formulation. These two components were mixed 

and shook vigorously for a few min, then, the solution was stood for 30minutes at room 

temperature in dark. The absorbance was measured at 517 nm using Ml 07 manual wavelength 

Visible Spectrophotometer by using distilled water as control. The capability of scavenging the 

DPPH radical was determined by using the following formula (Shimamura et al., 2014). The 

antioxidant activity was observed monthly. 

A -A 
DPPH scavenging effect (inhibition) = [( 

0 Ao 1)x100) 

AO = the absorbance of the control reaction 

A 1 = absorbance in presence of all of the extract samples and reference 

#Note: As yellowness of sample would distract the colour of the interaction between DPPH 

and sample solution, yellowness index or yellow background must be done without adding 

DPPH in order to subtract out the colour that might be not related to those interactions. 

8. Phenolic compound 

Folin-Ciocalteu (FC) method was studied in order to measure phenolic compound of on 

AV gel to indicate carrageenan component existing. The destruction test was conducted to 

observe the potential property of reducing heteropolyphosphotungsates-molybdates in the 

solution. So as to complete the experiment, 0.1 ml AV sample was mixed homogenously with 

1.25 mL of 0.1 N FC reagent solution. After 4 minutes, 1 mL of 0. 7 M N a1CQ3 was added to 
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the mixture, mix it homogenously and leave it at room temperature. After an hour, UV -Vis 

spectrophotometer was used to measure the absorbance of the solution at 760nm which 

expressing as total phenol content and comparing with the equivalents (mgGAE/mL) as gallic 

acid standard curve. Additionally, the samples were tested monthly in triplicates. 

9. Antibacterial effect 

Antibacterial effect of infused AV gel were studied by disc-diffusion agar method; these 

methods were done for two pathogenic bacteria; Staphylococcus aureus & Escherichia coli 

from Microbiological laboratory, Faculty of Biotechnology, Assumption University. The 3 

layers of sterile No.4 Whatman---.---.TM filter paper disc with diameter of 110 millimetre long 

were cut by punching machine into 6 millimetre used for better absorptivity and measurement 

accuracy. The dimension of the inhibition zone were collected. Plus, the assay was conducted 

in a sterile nutrient agar plate (NA) and Trypticase Soy Agar (TSA) for S. aureus & E.coli, 

respectively. The both pathogenic bacteria were cultured separately in sterile Duran bottle 

containing sterile Nutrient Broth (NB) one day before doing the experiment. Then 1-day 

pathogens were inoculated into each plate in aseptic condition with sterile cotton bud. 

Moreover, control which indicated both positive and negative were used; Ampicillin and 

distilled water accordingly. Each sample was tested in quintuplicate. 

Distilled 
Sample 1 

Distilled 
Sample 4 water water 

(H20) 
(Al) (H20} (A4) 

Sample 3 Sample 2 Sample 6 Sample 5 
(A3) (A2) (A6) (AS) 

Figure 1: The example of the study disc diffusion; brown colour line represented 

spread plate technique 
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Result & Discussion 

Each Aloe Vera gel or AV gel was formulated from Aloe Vera leaves, a species of 

Barbedensis, enriched with vitamins, mangosteen extract and other ingredients. The whole 

batches were made within the same period to avoid any environmental effect and different 

degradation level of AV gel. 

Table 2: The composition of each formulation from Al to A6 

Al A2 A3 A4 AS A6 

Aloe Vera %w/v 95 95 95 95 95 95 

Sodium benzoate %w/v - 0.5 0.5 0.5 0.5 0.5 

Tartaric acid %w/v - 0.5 0.5 0.5 0.5 0.5 

Ascorbic acid (Vit C) - 0.5 - 0.5 0.5 0.5 

%w/v 

D-pentenol (BS) %w/v - 0.5 0.5 0.5 0.5 0.5 

Mangosteen extract %w/v - - 0.5 0.5 1 2 

dH20 % w/v 5 3 3 2.5 2 1 

Each formulation was made for 300ml which was a total of I.SL for 6 formulated 

sample. Each 1 OOml was sterile separated through a sterile bottle for further experiment. 20ml 

of each bottle was separated to 1 Oml to put onto an anchor hocking half-pint jar for observing 

pH, microbial growth and colour. All samples were stored under the same condition, room 

temperature 25°C. 

1. pH 

In this study, 10 g AV gel was accurately measured using pH meter. The measurements 

of pH were done weekly in triplicate and average values and standard deviation were 

calculated. For statistical analysis, R- program version; R 2.15.3 was used together with 

Duncan and RCBD design at 95% significant level. 
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Figure 3: pH of AV gel A 1 to A6 for 8 weeks 

From Figure 2, AV gel A2 showed the lowest pH among all formulations. The highest 

pH was found in AV gel Al which was 5.96 ± 0.10Ab, followed by A3 to A6. 

Table 3: pH comparison between samples Al to A6 on initial pH and pH after 8 weeks 

pH value 

Initial After 8 weeks 

Al 5.96 ± 0.10Ab 7.16 ± .041 Aa 
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A2 3.35 ± 0.058
a 

A3 3.58 ± 0.028
a 

A4 3.57 ± 0.03 8
a 

A5 3.41 ± 0.058
a 

A6 3.39 ± 0.048
a 

different. (P > 0.05) 

3.34 ± 0.098
a 

3.57 ± 0.078
a 

3.48 ± 0.088 b 

3.26 ± O.lOb 

3.49 ± 0.2lb 

Remark: Same Capital letter (A

B) in the same column are not 

significantly different. (P > 0.05) 

Same small letter (a-b) in 

the same row are not significantly 

As shown in Figure 2 and 3, pH of Al showed the difference between initial pH and 

pH after 8 weeks, pH of week 1 was 5.33 ± 0.02. On the other hand, A2 showed the lowest pH 

as 2.23 different from that of A3 to A6 which were in a range of 3.00 to 3.50. However, on 

initial week (week 3), sample A2 to A6 showed consistent pH ranging from 3.25 to 3.60. 

Though A2 to A6 showed consistent pH within 8 weeks, A 1 showed gradually increased in pH 

which shifted from 5.96 to 7.16. On statistical analysis, there was no significant difference 

between pH of sample A2 to A6 in either initial week or after 8 weeks. Nevertheless, sample 

A4 and A5 showed significantly different between initial week and after 8 weeks, the rest 

showed no significant difference. (P > 0.05). 

The pH on week 1 was found to be different among each AV gel formulation. The A2 

sample showed the lowest pH comparing with the rest AV gel due to the addition of ascorbic 

acid. However, pH of A3 to A6 were in range of 3.00 - 3.50 because tartaric acid and sodium 

benzoate could result in the lowering pH of these formulations to limit within pH 3.00 to 3.50. 

This help to stabilize antioxidant mangoesteen extract which were stable at 3.00 (Nattata 

Lourith et al., 2011), ascorbic acid at pH 3.00 and panthenol at pH 3.00 -5.00 (Saul H. Rubin, 

1948). Moreover, pH of A 1 showed a distinct result as its pH slowly decreased during week 5 

- 6 and increased on week 6 to 8. The changes of pH could be the growth of Bacillus 

megaterium, rod-like gram- positive aerobic bacteria producing poly-y-glutamic acid 

providing the sample to be more saline environment rising the pH up a bit. When the pH 

increased, some microorganisms like phyllosphere microflora could possibly grow. (H. Amir, 

2017) 
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2. Visualised Microbial growth 

Table 4: The microbial growth comparison of sample Al to A6 on following periods. 

Week Week 2 Week 4 Week 9 

10 ml of each sample were separated aseptically in a half-pint jar in order to observe 

microbial growth. The jar was kept under room temperature (25°C). The experiment was done 

triplicate and observed weekly for enhancing accuracy and precise on any possible microbial 

activity. 

The table above shows the possibility of visible microbial growth presenting in the 

sample during three different periods of time; week 2, 4 and 9. Within the first 3 weeks of the 

study, no sign of visualised microbial activity was observed in all samples. Thus, white mildew 

started to grow on A 1, and pseudoplastic behaviour started to present in week 4 and became 

more noticeable in a later week. On week 6, A2 to A6 ' s odour became unpleasable with a 

distinct smell of rotting, yet, no sign of visualised microbial growth was observed within the 

sample jars. 
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The reason of such occurrence could be resulted from Bacillaceae family which diverse 

widely including AV gel. Some genus could help promoting the cause of sticky biofilm in 

response to volatile ammonia causing gel to be thickened (Reindert Nijlandth, 2010). 

3. Colour 

L * measurement 
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Figure 4: L * Comparison between each sample A 1-A6 on particular period of time 

from week 3 to week 9 

Remark: L * - light differences between ( +) lighter & (-) darker; 
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a* measurement 
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Figure 5: a* Comparison between each sample A 1-A6 on particular period of time 

from week 3 to week 9 

Remark: a* - co lour differences between(+) redder & (-)greener. 

b* measurement 
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Figure 6: b* Comparison between each sample Al-A6 on particular period of time from 

week 3 to week 9 

Remark: b* - colour differences between ( +) yellower & (-) bluer. 
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~E measurement 
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Figure 7: ~E Comparison between each sample A2 to A6 comparing with A 1 (control) 

on particular period of time from week 3 to week 9 

Remark: ~E - overall colour differences between each type of colour; L *, a* and b* . 

Table 5: The comparison between Colour differences using CIEL L*a*b* scale between 

sample A 1 to A6 on week 3 and week 9. 

Colour Analysis 

Sample L* a* b* ~E 

L*week3 L*week 8 a* week 3 a* week 8 b* week 3 b* week 8 ~E week3 ~E week8 

Al 55.82 53.11 -1.66 -1.18 5.82 7.81 

±0.30Aa ±1.57A ±0.16oa ±0.54cb ±0.39Eb ±1.57oa 

A2 39.97 16.84 9.78 27.94 58.80 28.27 ± 56.00 52.19 

±0.58Ea ±3.88cb ±0.l lAb ±2.90Aa ±0.39Ba 3.18cb ±0.57Aa ±2.29Bb 

A3 52.40 52.81 -3.87 -4.01 17.90 20.48 12.24 12.94 

±0.2lca ±0.49Aa ±0.09Ea ±0.29ca ±0.4lob ±l .52ca ±0.50ca ±1.5lca 

A4 53.62 54.52 -3.84 -3.82 16.28 17.52 10.40 9.88 

±0.73Bb ±0.91Aa ±0.07Ea ±0.36ca ±0.8ob ±2.l lca ±0.92ca ±1.87oa 

AS 33.91 32.18 -0.35 20.01 46.00 54.18 42.67 55.57 

±2.8lob ±2.5lsa ±0.19cb ±3.51Ba ±0.68cb ±3.18Aa ±4.93Bb ±2.79Aa 
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A6 40.28 

±0.45Ea 

Remark: 

31.82 7.74 19.45 61.77 50.75 58.34 54.85 

±2.18Bb ±0.74Bb ±l.85Ba ±0.52Aa ±3. l 8Ab ±0.70Aa ±2.96ABb 

Same Capital letter (A-B) in the same column indicating specific colour or 

lightness difference comparison between each sample (A 1-A6) are not 

significantly different. (P > 0.05) 

Same small letter ( a-b) in the same row indicating specific colour or lightness 

difference comparison between week 3 and 9 of the same sample are not 

significantly different. (P > 0.05) 

For colour analysis, the colour was observed by using CIEL* a* b* scale under 

controlled glass specifically used for colour analysis collected on Figure 4 to 7. Each sample 

was tested on the same glass to avoid an indeterminate error. However, the sample was tested 

and collected weekly to observe colour change. For statistical analysis, R- program version; R 

2.15.3 was used together with RCBD, Independent T-test (row) and Duncan (column) design 

at 95% significant level as shown in Table 5. 

According to Figure 4- 7, the graphs showed the colour differences among lightness, 

red-green and yellow-blue and overall colour difference as Delta E. On the other hand, Table 

5 presented quantitative statistical analysis to compare the colour of each sample in the same 

week and between initial week (week 3) and after 8 weeks. Conforming to graph 4, the 

lightness of all samples decreases after 3 weeks, this was because the polysaccharides of the 

AV gel began to decay and active compounds such anthroquinones started to degrade at room 

temperature, showing the gel to be thickening and become translucent (Tatsuya Nishiyama, 

2014). At the beginning of the study, the colour of AV gel Al was white turbid and other 

samples showed more yellow due to the presence of vitamins and mangoesteen extract, 

diversely, the colour of AS and A6 sample which intensified the concentration of mangosteen 

extract at higher percentage had changed during 3-8 weeks from bright yellow to dark reddish 

yellow. In similar circumstance, the colour of A2 had only 0.5% w/v ascorbic acid and no 

mangosteen extract had changed to darkest reddish yellow as shown in Figure 5 and Table 5. 

On the other way, AV gel A3 which had low concentration of mangosteen extract as 0.5% w/v 

and no ascorbic acid, and A4 which had 0.5% w/v mangoesteen extract and 0.5% w/v of 

ascorbic acid could demonstrated similar lightness as its original colour indicating that A3 and 

A4 showed the most stable colour among all samples, thus it could be ensured by the overall 

colour differences comparing to control or ~E which both of them showed the most closest 
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overall colour difference comparing to A2, AS and A6. This could be implied that the high 

concentration of mangosteen extract with other vitamins presenting in AV gel could interrupt 

its stability as they could be oxidised easier resulting in colour change. 

4. % Moisture content 
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Figure 8: Moisture content on encapsulated AV gel 
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Figure 9: The overall% Moisture content on encapsulated AV gel after 8 weeks 
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Table 6: The comparison between Moisture content of AV gel Al to A6 at different 

time periods 

Moisture content 

Initial week After 8 weeks 

Al 97.6S ± 0.03 8 b 99.28 ± 0.09Aa 

A2 98.21 ± 0.30Aa 97.46 ± 0.21 Bb 

A3 97.6S ± 0.03 8
a 97.36 ± 0.428 a 

A4 97.60 ± 0.048 a 97.17 ± 0.128 b 

AS 96.19 ± 0.02Ca 9S.71 ± 0.03Cb 

A6 9S.70 ± 0.06Da 9S.38 ± 0.07Ca 

Remark: Same Capital letter (A-B) in the same column are not significantly different. 

(P > O.OS) 

Same small letter (a-b) in the same row are not significantly different. (P > O.OS) 

Moisture content was tested in order to observe the water content of each AV gel 

sample. 2-3 ml of sample was put in a moisture can and weighed. Then, the sample was dried 

in the oven at 6S°C for 3 hours. The weight of sample before and after drying was measured to 

calculate the moisture content. For statistical analysis, R- program version; R 2.1 S.3 was used 

together with RCBD, Duncan as column and Duncan design as row at 9S% significant level. 

Based on Figure 8 and 9, moisture content was found to be nearly the same for all 

samples. From statistical analysis, the A3 and A6 sample showed no significant difference (P 

> O.OS). Yet, A2, A4 and AS showed a little decline. However, Al showed a slightly increase 

which was different from other S samples. As results, the appearance of A3 to A6 after drying 

were seemed to be dark brown colour as intensifier as more ratio of mangosteen extract. 

The study showed that the sample appeared to be an increase in moisture content or 

water content which was oppositely against the rest of the samples. This result could possibly 

obtain from something like a phenomenal of such proteins leaching out into rehydration water 

as it was in the oven (Margarita Miranda, 2009). The reveal of dark brown colour appeared as 

tannin in mangosteen extract started to react with other pounds or high temperature to produce 

such a dark brown colour via Maillard reaction. (Perera, C.O., 200S). 
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Table 7: Evaluation of AV gel A 1 to A6 after 8 weeks 

Transparency pH % Moisture loss Microbial 

growth 

Al Translucent 7.16 ± .041A 99.28 ± 0.09A p 

A2 Translucent 3.34 ± 0.09s 97.46 ± 0.2ls -

A3 Translucent 3.57 ± 0.07s 97.36 ± 0.42s -

A4 Translucent 3.48 ± 0.08s 97.17±0.128 -
AS Translucent 3.26 ± O.lOs 95.71 ± 0.03c -

A6 Translucent 3.49 ± 0.2ls 95.38 ± 0.07c -

#Note: P =Possible 

Remark: Same Capital letter (A-B) in the same column are not significantly different. (P > 

0.05) 

The Table 7 shows the overall evaluation of sample Al to A6 after 8 weeks on transparency, 

pH, % moisture loss and microbial growth. The data was interpreted based on human eyes, pH 

meter, moisture content and physical appearance, respectively. 

In the study on transparency, all samples showed translucent property which varied on 

colour differences affecting from ratio of vitamins and mangosteen extract providing different 

lightness and shade of colour. Respect to pH, excepted for A 1, A2 to A6 showed the pH range 

between 3.25 - 3.60. However, pH of Al was distinctive to others because of an auto

degradation or an oxidation of active compound that might take place during storage. Moisture 

content of some sample like A3 and A6 had no significant difference. However, the rest had 

little change on moisture content. 

According to microbial activity, the change of physical appearances showed in the sample 

could come from various sources. It might be from AV auto-degradation of polysaccharides, 

oxidation of phenolic compound possible involving in defence reactions (Esteban et al., 2001) 

or mannose-rich polysaccharides relating to rheological behaviour of the mucilage of the gel 

being responsive to its flow and viscoelastic properties (Chandegara, Dr. Vallabh, 2013). 

However, A2 to A6 contained various antimicrobial compounds; such from AV gel itself, 

sodium benzoate, and some of existing ascorbic acid and mangosteen extract presented in the 

sample. 
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5. % DPPH inhibition 
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Figure 10: Antioxidant activity of AV gel Al to A6 
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Figure 11: Antioxidant activity of AV gel Al to A6 at different time periods 
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Table 8: The comparison of DPPH inhibition of AV gel Al to A6 on initial week and after 8 

weeks passed. 

Al 

A2 

A3 

A4 

A5 

A6 

Remark: 

% DPPH inhibition 

Initial week After 8 weeks 

44.68 ±10.80Ca l 6.06±2.99Eb 

21. 76±2.87Da 8.53± l .49Fb 

61.39±4.60Ba 35.59±5.82Db 

70.03±2.12Bb 83.02±1.59Ba 

65.52±2.09Ba 63.27 ± 0.74Ca 

85.48±2.46Aa 91.52 ± 2.97Aa 

Same Capital letter (A-F) in the same column indicating percentage of 

scavenging effect different comparison between samples; Al to A6 on specific 

time period are not significantly different. (P > 0.05) 

Same letter (a-b) in the same row indicating percentage of scavenging effect 

different comparison of the same sample between initial week and after 8 weeks 

are not significantly different. (P > 0.05) 

The study of antioxidant activity was divided into two techniques; DPPH assay and 

Total phenolic content. DPPH is well-known for its rapid and short time consuming method. 

Its principles was to detect antioxidant properties of the sample by which addition of specified 

concentration of DPPH that would act as radical nature with less reactive property. So, DPPH 

radicals would be quenched by more reactive components. The colour could change from deep 

violet to pale yellow or even colourless when neutralised. The reaction could be seen upon 

human eyes' monitoring. To determine% scavenging effect, the solution must be measured by 

using spectrophotometer at absorbance of 520nm. The DPPH assay of sample A 1 to A6 was 

performed after week 4 and week 8 with O.lmM DPPH solution. For statistical analysis, R

program version; R 2.15.3 was used together with RCBD, Duncan as column and Independent 

T-test design as row at 95% significant level. 

According to Figure 10 and 11, the graphs were demonstrated the antioxidant activity 

on % DPPH inhibition of Al to A6 samples after 0, 4 and 8 weeks of the study. At the 

beginning, A6 significantly showed the maximum amount of antioxidant properties towards 

reacting with DPPH solution as 85.48±2.46 % inhibition followed by A4, A5 and A3. 
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However, A3 to A5 showed no significant different between these samples (P > 0.05). The 

lowest DPPH inhibition was presented in A2 appearing to have lowest antioxidant properties 

towards others as 21.76±2.87 % inhibition. After 4 weeks, most samples showed the increase 

in% DPPH inhibition such A2, A3, A4, A5 and A6 excepted Al showing downhill results, 

while on week 8, 5 out of 6 samples showed a decrease in% DPPH inhibition. Based on Figure 

10-11 and Table 8, A6 exhibited the highest antioxidant activity and A2 had the lowest 

antioxidant activity. From the beginning, ascorbic acid without mangosteen extract in AV gel 

did not enhance antioxidant activity and thus, reduced it. However, 0.5 %w/v and 1 % w/v of 

mangosteen extract presented as no significant difference between samples meaning that they 

had the same level of enhancing the antioxidant properties. Plus, 2% w/v mangosteen extract 

showed the most effective result of enhancing antioxidant properties comparing to other 

samples. After 8 weeks, 2% w/v mangosteen showed the highest antioxidant property and had 

no significant difference from week 0. The second follow-up was A4 showed the increase in 

antioxidant activity from week 0 to week 8 from 70.03±2.12 to 83.02±1.59 % inhibition. The 

third follow-up was A5 showed no significant difference between week 0 and week 8. 

Contradictorily to said samples, Al to A3 fell double the% inhibition in 8-week periods. To 

be concluded, AV gel alone, AV gel without mangosteen extract and ascorbic acid showed 

unstable conformation relating to antioxidant property during 8 weeks. With the addition of 

0.5% w/v of each vitamin and mangosteen extract appeared to be most stable with enhancement 

property. On the other hand, AV gel with intensified concentration (1 % & 2% w/v) of 

mangosteen extract exhibited no enhancement or diminution as there was no significant 

difference between week 0 and week 8. 

AV gel had rich of antioxidant such polyphenols; anthraquinone and aloin. However, 

the stability of those two bioactive compounds was poor. Based on Pellizzoni (2011 ), it had 

been reported that neither ascorbic acid nor other antimicrobial agents could increase 

disappearance time of polyphenols in AV gel. That could be the reason why antioxidant activity 

of A2 was lower than A 1 and other samples. Furthermore, temperature could be more effective 

in reducing polyphenols degradation, though all samples showed significantly increase in % 

DPPH inhibition after 4 weeks. Because of secondary metabolites from oxidising aloin such as 

aloe amodin and aloesin, the antioxidant activity become richer. Even though % DPPH 

inhibition of all samples increased after 4 weeks, 5 out of 6 samples' antioxidant activity 

decreased after 8 weeks. On the other hand, % DPPH inhibition of A4 increased as its 

components could possibly stabilise the antioxidant compounds in AV gel. 
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6. Total Phenolic content (µg/ml) 
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Figure 12: Total phenolic compounds (µg/ml) on AV gel Al to A6 
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Figure 13 : Total phenolic compounds (µg/ml) of AV gel A 1 to A6 at different time periods 
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Table 9: The comparison between Total Phenolic compounds (µg/ml) of AV gel Al to A6 at 

different time periods 

Al 

A2 

A3 

A4 

AS 

A6 

Remark: 

TPC (µg/ml) 

Initial After 8 weeks 

48.84 ±0.29Ca 0.60±0.23Fb 

129.64±11.96Aa 92.48±0.44Ab 

62.17± 1.298 a 23.88±1.89Db 

141.34±4.89Aa 12.27±1.46Eb 

129.l 7±1.76Aa 60.S9 ± l .688 b 

131.81±10.6SAa 49.66 ± 1.748
c 

Same Capital letter (A-B) in the same column indicating Total Phenolic 

Compound (µg/ml) presenting different comparison between each sample on 

specific time period are not significantly different. (P > O.OS) 

Same letter (a-b) in the same row indicating percentage of scavenging effect 

different comparison of the same sample between initial week and after 8 weeks 

are not significantly different. (P > O.OS) 

Phenolic content was tested by Folin-Ciocalteu (FC) method. 0.1 N of FC solution and 

0.7M Na2CQ3 were used as reagents. After 2 hours, the spectroscopy was used for measuring 

absorbance of the solution at 760nm. The samples were done in triplicate with monthly 

observation. As well as measuring samples' phenolic content, the standard curve of gallic acid 

had been constructed to evaluate the phenolic content of AV gel samples as equivalent to µg 

Gallic acid/ml (µg/ml). For statistical analysis, R- program version; R 2.1 S.3 was used together 

with RCBD, Duncan as column and Independent T-test design as row at 9S% significant level. 

As stated in Figure 12-13, the graphs presented the total phenolic content for Al to A6 

samples on week 0 (initial), week 4 and week 8. At the beginning of the study, A4 showed the 

highest amount of phenolic compound as 141.34±4. 89 µg/ml followed by A2, AS and A6 as 

129.64±11.96 µg/ml, 129.17±1.76 µg/ml and 131.81±10.6S µg/ml respectively. The results 

showed that A4 consisted of the highest amount of phenolic compounds, however, in statistical 

term, there was no significant difference among A2, A4, AS and A6 (P > O.OS). On the other 

hand, Al showed the least amount of phenolic compounds presented along with A3 as 48.84 
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±0.29 µg/ml and 62.17±1.29 µg/ml. After 4 weeks, the phenolic content of all samples was 

decreasing. Yet, A3 , A4 and A6 still witnessed little change from 62.17 ± 1.29 µg/ml to 60.91 

± 1.11 µg/ml, 141.34 ± 4.89 µg/ml to 134.36 ± 4.88 µg/ml and 122.16 ± 7.0S µg/ml. 

Nevertheless, A 1, A2 and AS showed a moderate to high decrease in phenolic content. After 8 

weeks, A4 which previously showed a remarkable result, showed uncommon decline of 6-fold 

from week 4, together with Al revealed a sudden drop of phenolic content. Inspire of the 

sudden drop, A3 , AS and A6 showed a double decline value. As these results, A2 appeared to 

be more stable in the phenolic content indicating from the least decrease among all samples. 

As expected with the report of "Stability of the main Aloe fractions ... " (Pellizzoni, 

2011) the polyphenols compound had been accelerating to disappear with the addition of 

ascorbic acid and other antimicrobial agents such as sodium benzoate, especially found in A3 

and the other samples. To be concluded, mangosteen extract did not show good stability in 

existing of phenolic compounds in the sample that it might be affected with temperature and 

time even presenting together with other vitamins and preservatives as sodium benzoate. Only 

A2 formulation with only ascorbic acid presented, it showed good stability of phenolic 

compounds in the sample. 

7. Antibacterial effect 
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Figure 14: The inhibition zone of each sample (Al to A6) based on two specific 

bacteria; E. coli & S. aureus after 8 weeks using 6 mm-diameter filter paper 
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Table 10: The average and standard deviation diameter of inhibition zone of each 

samples (Al to A6) based on two specific bacteria; E.coli & S aureus after 8 weeks using 6 

mm-diameter filter paper. 

Zone of inhibition (mm diameter) 

Sample E.coli S. aureus 

Al 6.00 ± 0.00 6.00 ± 0.00 

A2 6.00 ± 0.00 6.00 ± 0.00 

A3 6.00 ± 0.00 6.90 ± 0.89* 

A4 6.00 ± 0.00 7.20 ± 1.30* 

AS 6.00 ± 0.00 7.30 ± 1.40* 

A6 6.00 ± 0.00 7.00±1.17* 

Remark: * in the same row indicating inhibitory effect different comparison between each 

sample are not significantly different. (P > 0.05) 

Zone of inhibitions of gram negative and gram positive pathogenic bacteria; E.coli & 

S. aureus were tested in disc diffusion technique. Two bacteria were obtained from 

Microbiological laboratory and cultured in sterile TSA and NA agar respectively. 3-layers of 

6 mm-diameter filter paper soaked with a sample were overlaid on the surface of a media. The 

test was done in quintuplicate and antimicrobial result was observed as a diameter of inhibition 

zone (mm) a day after. Water and ampicillin were used as negative and positive control 

respectively. For statistical analysis, R- program version; R 2.15.3 was used together with 

RCBD and Duncan design at 95% significant level. 

Based on the table 10, it can be indicated that all samples could not exhibit clear zone 

of inhibition on the growth of E. coli after 8 week periods. Contrarily to anti-E. coli, anti-S. 

aureus signified a visible inhibitory effect within sample A3 to A6 with an trivial range of 

l .9mm to 2.20mm long. As a result, it showed that the added ascorbic acid could be degraded 

before 8 weeks. However, the presence of panthenol did not obviously showed on both two 

human pathogens. In contrast to the addition of ascorbic acid and panthenol, mangosteen 

extract showed the most effectiveness towards gram- positive bacteria like S. aureus but not 

gram- negative bacteriaE. coli. This could be due to the difference in cell wall of gram- positive 

and negative bacteria. Even though A3 to A6 showed an inhibitory effect, there is no significant 

difference among those four samples (P > 0.05). 

Impressively, bioactive compounds in mangosteen extract like flavonoids, tannins and 

xanthone helped acting as effective antibacterial that played a role in inhibiting or in preventing 
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bacterial cells from growing. Diversely, the longer time distance consume, the shorter time AV 

gel started to degrade reducing metabolites on AV gel component consisting mainly saponins 

and anthraquinone that had antibacterial activities. (Reynolds T, 1999) & (Darioush G., 2015) 

Despite to mangosteen extract and ascorbic acid, panthenol or B5 had little effect on the growth 

of both E. coli & S. aureus. (Chohnan S., 2014) However, the similar study was proved by 

Mbajiuka C. Stanley, 2014 that different extraction method could lead to lowering active 

compound of AV gel alone affecting the antimicrobial effect. 

Conclusion 

Aloe Vera gel of A. barbadensis Miller species exhibited various pharmacological 

activities such antioxidant, antimicrobial and other beneficial property with the additional 

vitamins, extracts and preservatives. Thus, it is quite promising for each formulation to retain 

their bioactivities as the vitamin and plant extracts required specific conditions such as storage 

at low temperature ( 4 °C) to provide highest stability as well as to preserve vitamins which are 

easily be destroyed. However, the efficiency of antioxidant property was related to ratio of 

vitamins and mangosteen extract in AV gel. Some physiological property of gel like colour 

originally based on gel itself which was presented as powdery mildew relating to the spoilage 

of AV gel after a period of time or oxidising of mangosteen extract. According to physical 

characteristic of all samples Al to A6, it could be concluded A3 and A4 could keep their 

stability at the optimum condition and shared the similarity between each other such pH, 

transparency, moisture content and a sign of microbial activity. On chemical characteristic, A4 

to A6 showed a significance on DPPH inhibition however, A4 was still be the best of all with 

gradual increase within 8 weeks. Contrast to TPC, A2 showed the highest amount of phenolic 

compounds for experiment period along with A5, A6 and A4 respectively. Last but not least, 

antibacterial activity among all samples showed no sign of inhibiting E.coli but A2 to A6 

showed an antibacterial activity to S. aureus instead. To the end, A4 was the best formulation 

in term of good stability in physical properties and chemical properties. However, further 
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research is needed in order to optimise the stability of antioxidant property of A4 which in this 

experiment, it was high until week 4 and sudden drop on a later week. 
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Appendix 

1. pH 

Table 11: pH of A 1 to A3 on 10 week period 

Week/ Al A2 A3 A4 AS A6 

type 

3 5.96 ± 0.10Ae 3.35 ± 0.05Ba 3.58 ± 0.02Bab 3.57 ± 0.03Bab 3.41±0.05Bab 3.39 ± 0.04Bbc 

4 6.80 ± 0.06Ac 3.12 ± 0.05Bab 3.55 ± 0.05Bb 3.50 ± 0.03Bab 3.31±0.07Bbcd 3.33 ± 0.06Bcd 

5 6.89 ± 0.23Ac 3.12 ± 0.05Bab 3.55 ± 0.05Bb 3.48 ± 0.08Bab 3.27 ± 0.15Bcd 3.33 ± 0.03Bcd 

6 6.41 ± 0.42Ad 3.24 ± 0.63Bab 3.37 ± 0.13Bc 3.57 ± 0.41Bab 3.33 ± 0.17Babcd 3.28 ± 0.03Bde 

7 7.01 ±0.45Ac 2.93 ± 0.39Bb 3.42 ± 0.06Bc 3.42 ± 0.07Bb 3.23 ± 0.06Bd 3.23 ± 0.06Be 

8 7.16 ± 0.41Ac 3.34 ± 0.09sca 3.57 ± 0.07Bab 3 .48 ± 0.08Bab 3.26 ± O.lOCcd 3.49 ± 0.21Ba 

9 7.52 ± 0.07Ab 3.44 ± 0.18Ba 3.65 ± 0.02Ba 3.65 ± 0.0laa 3.46 ± 0.01Ba 3.46 ± 0.0laab 

10 8. 72 ± 0.26Aa 3.34 ± 0.24Ba 3.37 ± 0.13Bc 3.41 ± 0.05Bb 3.39 ± 0.14Babc 3.46 ± 0.02Bab 

Remark: 

0.05) 

Same Capital letter (A-B) in the same row are not significantly different. (P > 
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Same small letter (a-e) in the same column are not significantly different. (P > 

0.05) 

2. Microbial growth 

Table 12: Microbial growth of All -A26 on 8 week periods 

All -Al3 Al4-Al6 A21-A23 A24-A26 
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Table 13: Microbial growth of A31 - A46 on 8 week periods 

A31-A33 A34-A35/36 A41-A43 
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Table 14: Microbial growth of A51 -A66 on 9 week periods 

Sam A51-A53 A54-A56 A61-A63 

pie 

no. 

A44-A46 

A64-A65/66 
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Table 15: The overall microbial growth of A 1 to A6 on 9 week periods 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 

Al 

A2 
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A3 

A4 

AS 

A6 

3. Colour 

Table 16: The colour L *, a* and b* of A 1 to A6 samples on 8 weeks 

Week General human Colour analyser eyes 

eyes 

Week Week Week Week Week Week Week Week Week 

Sample N 1 2 3 4 5 6 7 8 9 

Al L* 15.00 27.70 55 .82 54.51 54.58 54.86 53.39 53 .11 52.48 

±0.18 ±0.69 ±0.30 ±0.81 ±1.01 ±1.18 ±1.35 ±1.57 ±2.18 

a* -2.09 -1.06 -1.66 -1.69 -1.56 -1.62 -1 .26 -1.18 -1.17 

±0.21 ±0.06 ±0.16 ±0.27 ±0.37 ±0.31 ±0.53 ±0.54 ±0.91 

b* 8.31 3.47 5.82 6.71 7.10 7.12 7.52 7.81 7.85 

±0.55 ±0.14 ±0.39 ±1.7 ± 1.53 ±1.56 ±1.56 ±1.57 ±1.7 

AE 17.28 27.27 56.15 54.97 55.09 55.36 53.95 54.11 53.08 

±0.15 ±0.69 ±0.28 ±0.67 ±0.81 ±0.90 ±1.07 ±1.03 ±1.11 

A2 L* 15 .92 27.35 39.97 24.97 19.79 16.32 ± 17.17 16.84 17.05 

±0.52 ±0.19 ±0.58 ±0.47 ±0.90 3.56 ±3 .69 ±3.88 ±3.59 

a* -2.60 -1.51 9.78 26.68 27.18 28.47 27.12 27.94 27.51 

±0.04 ±0.07 ±0.11 ±0.31 ±0.33 ±1.16 ±2.86 ±2.90 ±2.50 
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b* 7.10 7.10 58.80 42.81 33.97 28.13 29.57 28.27 ± 28.24 

±0.70 ±0.62 ±0.39 ±0.81 ±1.54 ±1.94 ±6.34 3.18 ±3.27 

AE 17.64 28.30 71.76 55.64 48.70 43.48 44.33 44.82 42.95 

±0.18 ±0.30 ±0.26 ±0.74 ±1.19 ±4.58 ±4.68 ±4.42 ±4.80 

A3 L* 12.70 26.09 52.40 52.70 53.22 53.18 53.00 52.81 53.01 

±0.51 ±0.21 ±0.21 ±0.50 ±0.48 ±0.55 ±0.90 ±0.49 ±0.4 

a* -2.02 -2.52 -3.87 -4.09 -4.13 -4.11 -4.03 -4.01 -4.00 

±0.50 ±0.11 ±0.09 ±0.13 ±0.17 ±0.31 ±0.43 ±0.29 ±0.09 

b* 20.92 12.90 17.90 18.32 18.51 18.34 20.05 20.48 20.05 

±0.69 ±0.19 ±0.41 ±1.36 ±1.52 ±2.60 ±1.19 ±1.52 ±1.19 

AE 24.68 29.22 55.51 55.96 56.51 62.69 46.97 51.18 56.82 

±0.89 ±0.20 ±0.15 ±0.18 ±0.41 ±1.43 ±0.45 ±0.96 ±1.16 

A4 L* 12.75 26.42 53.62 45.00 54.21 ± 54.24 54.08 54.52 54.08 

±0.43 ±0.26 ±0.73 ±0.49 0.54 ±0.78 ±0.75 ±0.91 ±0.85 

a* 1.76 -2.50 -3.84 -3.37 -4.07 -4.06 -3.95 -3.82 -3.79 

±0.28 ±0.08 ±0.07 ±0.14 ±0.22 ±0.37 ±0.26 ±0.36 ±0.51 

b* 21.06 12.62 16.28 13.96 17.16 16.88 17.59 17.52 17.14 

±0.58 ±0.48 ±0.8 ±1.28 ±2.05 ±2.87 ±1.70 ±2.11 ±1.98 

AE 24.68 29.39 56.17 47.24 57.04 57.01 56.83 57.02 55.84 

±0.73 ±0.13 ±0.52 ±0.26 ±0.29 ±0.32 ±0.35 ±0.30 ±0.45 

AS L* 11.00 26.04 46.81 33.34 31.92 29.63 ± 32.89 33.91 32.18 

±0.23 ±0.40 ±0.28 ±1.61 ±1.99 0.96 ±2.60 ±2.81 ±2.51 

a* 0.59 -2.69 -0.35 16.80 19.73 22.76 20.41 20.01 20.00 

±0.07 ±0.07 ±0.19 ±1.83 ±2.74 ±1.77 ±2.66 ±3.51 ±1.81 

b* 18.58 17.68 46.00 56.08 54.21 50.69 55.54 54.18 54.01 

±0.37 ±0.31 ±0.68 ±2.30 ±2.90 ±1.55 ±3.64 ±3.18 ±3.27 

AE 21.60 31.59 66.51 67.40 66.01 62.69 68.81 63.27 65.97 

±0.43 ±0.28 ±2.17 ±2.22 ±2.59 ±1.43 ±4.52 ±2.44 ±2.68 
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A6 L* 11.52 25.43 40.28 27.19 28.09 30.58 ± 32.10 

±0.20 ±0.32 ±0.45 ±2.74 ±2.27 2.54 ±2.25 

a* 2.43 -2.40 7.74 22.48 22.61 22.45 18.92 

±0.33 ±0.18 ±0.74 ±2.31 ±2.23 ±1.52 ±2.50 

b* 19.63 24.63 61.77 35.97 48.09 49.21 54.48 

±0.33 ±0.58 ±0.52 ±3.19 ±3.71 ±2.19 ±3.31 

AE 22.89 35.49 74.15 58.15 60.10 59.96 53.69 

±0.39 ±0.31 ±0.39 ±2.00 ±3.16 ±3.06 ±4.38 

Calculation 

Example: Al Week 3 

t;:,.E =-j(L *) 2 +(a *) 2 + (b *) 2 = -j(SS.82) 2 + (-1.66) 2 + (5.82) 2 = 56.15 

Table 17: Colour of Al to A6 on L *,a*, b* and !;:,.E 

Week (3 & 9) 

31.82 31.18 

±2.18 ±2.14 

19.45 19.07 

±1.85 ±1.76 

50.75 50.18 

±3.18 ±2.76 

54.88 62.08 

±3.01 ±3.42 

Sample L *week 3 L *week 9 a*week 3 a* week 9 b*week 3 b*week 9 /;:,.Eweek3 /;:,.Eweek 9 

Al 

A2 

A3 

A4 

AS 

A6 

55.82 52.48 -1.66 -1.17 5.82 7.85 ±l.7a 56.15 53.08 

±0.30a ±2.l 8b ±0.16a ±0.9la ±0.39b ±0.28a ±1.llb 

39.97 17.05 9.78 27.51 58.80 28.24 71.76 28.24 

±0.58a ±3.59b ±0.1 lb ±2.50a ±0.39a ±3.27b ±0.26a ±3.27b 

52.40 53.01 -3.87 -4.00 17.90 20.05 55.51 56.82 

±0.2la ±0.4a ±0.09a ±0.09a ±0.4lb ±l. l 9a ±O. l5b ±l. l6a 

53.62 54.08 -3.84 -3.79 16.28 17.14 56.17 55.84 

±0.73a ±0.85a ±0.07a ±0.5la ±0.8a ±l .98a ±0.52a ±0.45b 

46.81 32.18 -0.35 20.00 46.00 54.01 66.51 65.97 

±0.28a ±2.5lb ±O.l 9b ±l.8la ±0.68b ±3.27a ±2.l 7a ±2.68a 

40.28 31.18 7.74 19.07 61.77 50.18 74.15 62.08 

±0.45a ±2.l4b ±0.74b ±l.76a ±0.52a ±2.76b ±0.39a ±3.42b 

Remark: small letter (a-b) must be looked within a sample in between week comparison of a 

specific colour or lightness difference. (P > 0.05) 

4. Moisture content 
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Table 18: Moisture content of Al to A6 on 8 weeks period 

Week Sample Rep Empty can Initial Wt. can Final Moisture Average± SD 

wt. +gel after wt. content 

drying 

Al 1 16.2382 2.9997 16.3081 0.0699 97.6698 97.65 ± 0.03 

2 16.5638 3.012 16.6337 0.0699 97.6793 

3 16.9362 3.0363 17.0086 0.0724 97.6155 

A2 1 16.9284 3.0356 16.9876 0.0592 98.0498 98.21 ± 0.30 

2 17.1779 3.013 17.2378 0.0599 98.0119 

3 17.2147 3.0286 17.2585 0.0438 98.5538 

A3 1 16.2382 2.9997 16.3081 0.0699 97.6698 97.65 ± 0.03 

Initial 2 16.5638 3.012 16.6337 0.0699 97.6793 

3 16.9362 3.0363 17.0086 0.0724 97.6155 

A4 1 16.2335 3.0131 16.306 0.0725 97.5938 97.60 ± 0.04 

2 20.2362 3.0118 20.3095 0.0733 97.5662 

3 15.7752 3.0434 15.8468 0.0716 97.6474 

A5 1 16.4933 3.0403 16.6086 0.1153 96.2076 96.19 ± 0.02 

2 20.1571 3.0402 20.273 0.1159 96.1878 

3 15.3544 3.0125 15.4699 0.1155 96.1659 

A6 1 16.2984 3.0095 16.4292 0.1308 95.6538 95.70 ± 0.06 

2 15.6102 3.044 15.7417 0.1315 95.6800 

3 16.6353 3.038 16.7638 0.1285 95.7702 

Al 1 16.0972 2.9798 16.6574 0.5602 81.2001 80.71 ± 0.59 

2 16.2165 2.9861 16.8121 0.5956 80.0543 

3 16.1566 3.109 16.7514 0.5948 80.8684 

A2 1 16.6892 3.0415 16.9926 0.3034 90.0247 88.56 ± 3.69 

2 15.5884 3.016 15.8512 0.2628 91.2865 

3 16.2303 3.0125 16.7015 0.4712 84.3585 

A3 1 17.1303 2.9958 17.3912 0.2609 91.2911 88.28 ± 2.89 

4 2 16.5976 2.9914 17.0308 0.4332 85.5185 

3 17.759 3.0255 18.1215 0.3625 88.0185 
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A4 1 16.7678 

2 16.2676 

3 16.3606 

A5 1 16.7691 

2 16.2647 

3 16.5011 

A6 1 17.0004 

2 16.1307 

3 16.6174 

Al 1 17.3118 

2 15.8772 

3 16.1854 

A2 1 16.3 

2 16.556 

3 16.5882 

A3 1 16.8605 

8 2 16.4391 

3 16.2087 

A4 1 16.83 

2 16.616 

3 16.3589 

A5 1 16.5765 

2 17.7736 

3 15.961 

A6 1 17.1065 

16.0934 

2 16.401 

Calculation 

Ex. Al rep 1 

Moisture content 

3.0328 17.0215 0.2537 

3.0379 16.4026 0.135 

3.0028 16.6121 0.2515 

3.0492 16.9154 0.1463 

2.9924 16.3972 0.1325 

3.0211 16.6232 0.1221 

3.0324 17.1384 0.138 

3.0078 16.2627 0.132 

3.0058 16.7492 0.1318 

2.0396 17.3286 0.0168 

2.049 15.891 0.0138 

2.156 16.1997 0.0143 

2.33 16.3648 0.0648 

2.2836 16.611 0.055 

2.3152 16.6442 0.056 

2.2019 16.9234 0.0629 

2.4385 16.4917 0.0526 

2.0367 16.268 0.0593 

2.1575 16.8914 0.0614 

2.5514 16.691 0.075 

2.4171 16.424 0.0651 

2.051 16.6647 0.0882 

2.2666 17.8713 0.0977 

2.1903 16.0543 0.0933 

2.4305 17.2202 0.1137 

2.3741 16.2035 0.1101 

2.1572 16.4991 0.0981 

Initial "':~.-Final wt.x l OO 
Initial wt. 

91.6348 92.94 ± 2.27 

95.5561 

91.6245 

95.2020 95.58 ± 0.38 

95.5721 

95.9584 

95.4491 95.56 ± 0.09 

95.6114 

95.6151 

99.17631 99.28 ± 0.09 

99.3265 

99.33673 

97.21888 97.46 ± 0.21 

97.59152 

97.5812 

97.14338 97.36 ± 0.42 

97.84294 

97.08843 

97.15411 97.17 ± 0.12 

97.06044 

97.30669 

95.69966 95.71±0.03 

95.68958 

95.74031 

95.32195 95.38 ± 0.07 

95.36245 

95.45244 
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16.2382-0.0699 x 100 = 97.6698 
16.2382 

Table 19: The overall data of moisture content of Al to A6 

Moisture content 

Initial week After 4 weeks After 8 weeks 

Al 97.6S ± 0.03a 80.71 ± O.S9b 99.28 ± 0.09 

A2 98.21 ± 0.30a 88.S6 ± 3.69b 97.46 ± 0.21 

A3 97.6S ± 0.03a 88.28 ± 2.89a 97.36 ± 0.42 

A4 97.60 ± 0.04a 92. 94 ± 2.27b 97.17 ± 0.12 

AS 96.19 ± 0.02a 9S.S8 ± 0.38b 9S.71±0.03 

A6 9S.70 ± 0.06a 9S.S6 ± 0.09a 9S.38 ± 0.07 

Remark: Same small letter (a-e) in the same row are not significantly different. (P > O.OS) 

5. Antioxidant (DPPH) 

Table 20: Absorbance of Al to A6 on DPPH assay on 3 periods of weeks 

No. Absorbance at 760nm 

Initial week After 4 weeks After 8 weeks 

Rep 1 Rep2 Rep 3 Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Control 0.713 0.730 0.616 0.871 0.880 0.880 0.6S2 0.692 0.661 

Al 0.4S6 0.308 0.37S O.SS2 O.S20 O.S38 O.S61 O.S81 O.S61 

A2 O.SlS O.SS3 O.S43 O.S82 O.S91 O.S88 0.621 0.601 0.612 

A3-BG 0.242 0.301 0.2S2 0.364 0.2SO 0.124 0.4S8 0.403 

A4-BG 0.194 0.201 0.222 0.164 0.267 0.189 0.106 0.121 0.320 

AS-BG 0.231 0.2S3 0.226 0.219 0.226 0.200 0.242 O.OS8 0.249 

A6-BG 0.092 0.119 0.088 0.101 0.027 0.031 0.041 0.079 O.OSO 

#BG: background absorbance 

Table 21: % DPPH inhibition of Al to A6 on week 0. 4 and 8 

At absorbance S l 7nm 

Sample Initial week After 4 weeks After 8 weeks 

no. % inhibition Avg+ SD. % inhibition Avg+ SD. % inhibition Avg+SD. 

All 33.S7 44.68 19.S7 33.81 16.0S99 16.06 
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- 55.12 ± 24.24 ± 13.0673 ± 

A13 45.36 10.80 21.61 1.83 19.0524 2.99 

A21 24.96 21.76 15.20 33.07 7.0823 8.53 

- 19.43 ± 13.89 ± 10.0748 ± 

A23 20.88 2.87 14.33 0.52 8.4289 1.49 

A31 64.74 61.39 46.96 71.95 35.59 

- 56.14 ± 63.57 ± 31.4713 ± 

A33 63.28 4.60 81.93 13.69 39.7007 5.82 

A41 71.73 70.03 76.10 76.43 84.1397 83.02 

- 70.71 ± 61.10 ± 81.8953 ± 

A43 67.65 2.12 72.46 6.13 1.59 

A51 66.34 65.52 68.09 75.48 63.7905 63.27 

- 63.14 ± 67.07 ± ± 

A53 67.07 2.09 70.86 1.53 62.7431 0.74 

A61 86.60 85.48 85.28 97.26 93.8653 91.52 

- 82.66 ± 96.07 ± 88.1796 ± 

A63 87.18 2.46 95.48 1.01 92.5187 2.89 

Calculation 

All initial week; Absorbance = 0.456 

Control absorbance (average)= 0.6863 

A -A 
DPPH scavenging effect (inhibition) = [( 

0 
Ao 

1
)x100) 

0.6863 - 0.456 
DPPH scavenging effect (inhibition) = [( 0.

06863 
)x100) 

% inhibition = 33.57% 

Table 22: % scavenging effect of Al to A6 on week 0 and 8 

% Scavenging effect 

Week/Sample Al A2 A3 A4 AS A6 

Initial week 44.68 ±10.80a 21.76±2.87a 61.39±4.60a 70.03±2.12b 65.52±2.09a 85.48±2.46a 

After 8 weeks l 6.06±2.99b 8.53±1.49b 35.59±5.82b 83 .02± l .59a 63 .27 ± 0.74a 91.52 ± 2.97a 
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6. Antioxidant (Phenolic content) 

Table 23: Standard curve of gallic acid 

Concentration OD765 
µg/ml 1 2 3 

AVG 

100 1.706 1.698 1.742 1.715 
50 0.957 0.96 0.964 0.960 
25 0.5 0.503 0.503 0.502 

12.5 0.251 0.254 0.241 0.249 

6.25 0.114 0.126 0.117 0.119 
0 0 0 0 0 

2.000 

1.800 

1.600 

y = 0.0172x + 0.0356 
R2 = 0.9957 ..... .. .. 
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Figure 15: gallic acid standard curve (µg/ml) 

Table 24: Concentration of TPC Al to A6 on week 0, 4 and 8 

100 

No. Absorbance at 760nm 

Initial week After 4 weeks 

Rep 1 Rep2 Rep3 Rep 1 Rep2 Rep3 

Al 0.870 0.877 0.880 0.046 0.049 0.052 

A2 2.086 2.22 2.49 1.814 1.959 1.736 

A3 1.13 1.098 1.087 1.084 1.102 1.064 

A4 2.558 2.392 2.450 2.250 2.39 2.400 

120 

After 8 weeks 

Rep 1 Rep2 Rep 3 

0.042 0.046 0.050 

1.628 1.633 1.618 

0.418 0.482 0.439 

0.270 0.220 0.250 
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A5 2.244 2.236 2.292 

A6 2.508 2.156 2.244 

Sample Initial week 

no. Cone. (µg/ml) Avg+SD. 

All 48.51 48.84 

- 48.92 ± 

Al3 49.09 0.30 

A21 119.21 129.64 

- 127.00 ± 

A23 142.70 11.96 

A31 63.63 62.17 

- 61.77 ± 

A33 61.13 1.30 

A41 146.65 141.34 

- 137.00 ± 

A43 140.37 4.90 

A51 128.40 129.17 

- 127.93 ± 

A53 131.19 1.76 

A61 143.74 131.81 

- 123.28 ± 

A63 128.40 10.65 

Calculation 

Total phenolic content (µg/ml) 

Based on gallic acid; Y = mx + c 

1.952 1.782 1.908 1.072 1.052 '1.109 

2.242 2.004 2.164 0.857 0.896 0.916 

At absorbance 760nm 

After 4 weeks After 8 weeks 

Cone. (µg/ml) Avg+ SD. Cone. (µg/ml) Avg+SD. 

0.60 49.66 0.37 0.60 

0.78 ± 0.60 ± 

0.95 0.17 0.84 0.23 

103.40 104.69 92.58 92.48 

111.83 ± 92.87 ± 

98.86 6.58 92.00 0.44 

60.95 60.91 22.23 23.88 

62.00 ± 25.95 ± 

59.79 1.11 23.45 1.90 

128.74 134.36 13.63 12.27 

136.88 ± 10.72 ± 

137.47 4.88 12.47 1.46 

111.42 107.27 60.26 60.59 

101.53 ± 59.09 ± 

108.86 5.13 62.41 1.68 

128.28 122.16 47.76 49.66 

114.44 ± 50.02 ± 

123.74 7.05 51.19 1.74 

Absorbancesample = O.Ol 72(Total phenolic content (µg/ml) + 0.0356 

Sample Al month initial; absorbance average= 0.8757 

0.8757 = 0.0l 72x + 0.0356 
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x = 
0.8757-0.0356 

0.0172 
48.84 µg/ml 

Table 25: TPC Al to A6 of week 0 and 8 

Week/ Total Phenolic content (µg/ml) 

Sample Al A2 A3 A4 AS A6 

Initial week 48.84 ±0.29a 129.64±1 l.96a 62.l 7±1.29a 141.34±4.89a 129.17±1.76a 13 l.81±10.65a 

After 8 0.60±0.23b 92.48±0.44b 23.88±1.89b 12.27±1.46b 60.59 ± l .68b 49.66 ± l.74b 

weeks 

Remark: * in the same column are not significantly different. (P > 0.05) 

7. Antibacterial effect 

Table 26: Antibacterial property of Al to A6 on E. coli and S. aureus 

E. coli AVG+SD. S. aureus AVG+SD. 

Replicate( s )/ Replicate( s )/ 

diameter (mm) diameter (mm) 

1 2 3 4 5 1 2 3 4 5 

Al 6 6 6 6 6 6.00 ± 0.00 6 6 6 6 6 6.00 ± 0.00 

A2 6 6 6 6 6 6.00 ± 0.00 6 6 6 6 6 6.00 ± 0.00 

A3 6 6 6 6 6 6.00± 0.00 7 6 8 6 7.5 6.90 ± 0.89 

A4 6 6 6 6 6 6.00 ± 0.00 6 9 8 7 6 7.20 ± 1.30 

A5 6 6 6 6 6 6.00± 0.00 6 9 8.5 7 6 7.30 ± 1.40 

A6 6 6 6 6 6 6.00 ± 0.00 6 8 8.5 6.5 6 7.±1.17 
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Table 27: Disc diffusion plate of Al to A6 
--,.----: 
:. coli 

ureu 
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Sample E. coli S. aureus 

Al 6.00 ± 0.00 6.00 ± O.OOb 

A2 6.00 ± 0.00 6.00 ± O.OOb 

A3 6.00 ± 0.00 6.90 ± 0.89a 

A4 6.00 ± 0.00 7.20 ± l .30a 

A5 6.00 ± 0.00 7.30 ± l .40a 

A6 6.00 ± 0.00 7.±l.17a 

Table 28: Antibacterial effect of Al to A6 on two human pathogens 

Figure 16. Inhibition zone of E.coli with sample A l-A6 
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Figure 17. Inhibition zone of S. aureus with sample A l-A6 

TRI! ASSUMPTION UNIVERSITY LIBRARY 48 




	Cover and Title Page
	Acknowledgement
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	Chapter  1 :  Introduction
	Chapter  2 :  Objectives
	Chapter  3 :  Literature Review
	Chapter  4 :  Methodology
	Chapter  5 :  Result & Discussion
	Chapter  6 :  Conclusion
	References
	Appendix

