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ABSTRACT 

 

To determine if oregano plant can accumulate heavy metals like Cu, Cd, Ni, Pb and Zn and  assess the 

relative safety or potential health risks oregano from  the selected areas  in Nueva Ecija and Occidental 

Mindoro based on the World Health Organization (WHO) standard limits, oregano leaves were collected 

in five sampling sites in Nueva Ecija and Occidental Mindoro.  Multi element analysis was carried out on 

the oregano plant materials through Microplasma-Atomic Emission Spectroscopic (MP-AES) technique. 

MP-AES is a powerful and quick multielement analytical tool with high sensitivity. Digestion of the plant 

materials were done prior to heavy metal analysis. Content of metal per sample was expressed as µg/g. 

Heavy metals (Cu, Cd, Ni, Pb and Zn) which are potentially toxic elements were present in the oregano 

leaves samples.  All the oregano leaves samples exceeded the WHO permissible limits of heavy metals in 

medicinal plants. 

 

Keywords: Coleus aromaticus  Benth, heavy metals,  Microplasma-Atomic Emission Spectroscopic (MP-

AES) 

 

 

1. INTRODUCTION 

 

The early civilization was known to have relied on the power of herbal medicines. Even the modern world 

has adopted some of their practices and herbal concoctions in utilizing this alternative medicine (Domingo, 

2017).Dghaim et al.  (2015) mentioned in their study that World Health Organization (WHO) estimates 

nearly 70–80% of the world population mainly depends on herbal plants. 

 

With the rising interest in the healing benefits of herbal products, there has been an increasing worry over 

the safety and toxicity of natural herbs and formulations available in the market. There is a general 

misconception that natural herbs and plants are inherently safe; however, there have been a number of 

reports on occurrence of toxicity and undesirable effects linked to the utilization of herbal plants and their 

formulations in different parts of the world. Plants are associated with the transfer of heavy metals from the 

contaminated soil to humans. Heavy metals have a tendency to accumulate in the food chain and have low 

excretion rates through the kidney which could result in damaging effects on humans even at very low 

concentrations. Metals such as Zinc, Copper, Iron, Manganese, and Chromium are essential nutrients; they 

are essential for the physiological and biological functions of the human body. However, an increase in 

their intake above certain allowable limits can become toxic (Korfali et al. 2013).   

 

Medicinal herbs can be easily contaminated with heavy metals from the environment (soil, water, or air) 

during growth and the manufacturing processes when the ready-made products are produced.  Other sources 

of heavy metal contamination are fertilizers, atmospheric dust, rainfall, and plant protective agents. The 

level of essential elements in plants is conditional, the content being affected by the geochemical 
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characteristics of the soil and by the ability of plants to selectively accumulate some of these elements 

(Darwish, 2009). 

 

Generally, a number of health problems were linked to too much uptake of dietary heavy metals including 

a decrease in immunological defenses, cardiac dysfunction, fetal malformation, impaired psychosocial and 

neurological behavior, gastrointestinal cancer, and many others (Mahan et al.  2012 ; Singh et al. 2011). 

The heavy metal contamination of herbal remedies has been reported earlier in several Asian, South 

American, and African herbal products in different countries (Rahimi, et al.2012; Harris, et al. 2011; Saeed, 

et al. 2011; Alwakeel, 2008). 

 

In the Philippines where herbal plants species are abundant, it is usual for the Filipinos to use them in 

treatment of minor illness such as cough, colds, flu, infections, and other skin infections.   Though there are 

still many Pinoys who still question the effectiveness of these plants, medical researches and studies have 

already recognized their importance in the world of medicine (Domingo, 2017). 

 

One of the common medicinal plants used by Filipinos is oregano (Coleus aromaticus Benth). Other 

botanical names of Oregano are Coleus suganda Blanco , Spreng,  Coleus amboinicus Lour ,  Plectranthus 

amboinicus (Lour), and  Plectranchus aromaticus Roxb. This plant has strong aromatic characteristics, with 

leaves and stems which are fleshy. Its leaves are heart-shaped with toothed edges. Oregano grows up to 

nine meters in length.  In other countries, the plant is mainly used as a cooking ingredient.  On the other 

hand, in the Philippines, it is identified as herbal medicine because of its strong anti-oxidant properties.  

The most helpful parts of this plant are its leaves. The extracts and juices of such are used for asthma, 

chronic coughs and bronchitis. The leaves can also relieve painful swellings, boils, and sprains when 

applied directly to affected area.   Moreover, crushed fresh leaves are applied externally to burns.  

 

The oregano plant was thoroughly consumed by the general public particularly in Nueva Ecija and 

Occidental Mindoro and it is the need of the day to investigate the chemical compositions of these plants 

and make known their impact on public health. The objectives of this study were to determine if oregano 

plant from selected towns in Nueva Ecija and Occidental Mindoro can accumulate heavy metals like Cu, 

Cd, Ni, Pb and Zn and assess the relative safety or potential health risks oregano from the selected areas in 

Nueva Ecija and Occidental Mindoro based on the World Health Organization (WHO) standard limits. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Sample Collection and Preparation 

Samples of oregano leaves collected from selected sites in Nueva Ecija and Occidental Mindoro were 

cleaned using tap water, and then air dried for about one week.  The leaves were then chopped into small 

pieces, ground, and pulverized using the blender.  

 

2.2. Digestion of oregano leaves  

Initially, 10 mL of 1:1 Nitric Acid, was added to 1.00 g of air dried and powdered oregano leaves sample 

in a 25 x 150 mm glass digestion tube.  The samples were then heated to 95 ± 10 0C for about 15 minutes.  

When cool, 5 mL of Nitric acid, was added and heat was applied for another 30 minutes.  The digests were 

again allowed to cool, before 2 mL of milli-Q water and 3mL of  30 % Hydrogen Peroxide was added and 

heated 95 ± 10 0C.  After the digests were cooled again, another 1 mL 30 % Hydrogen Peroxide was added.  

Heating continued until sample volumes reduced to approximately 5 mL.  The digests were then allowed 

to cool again before being diluted to 50 ml with Milli-Q water.   
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Multi - element analysis was carried out on the digested oregano plant materials and soils through 

Microplasma-Atomic Emission Spectroscopic (MP-AES) technique. 

 

3. RESULTS AND DISCUSSION 

Table 1 shows the heavy metals like Cu, Cd, Ni, Pb and Zn analysis of oregano leaves. Copper is an essential 

trace element which is necessary for many enzymes. It is needed for the normal growth and development. 

High concentration of Cu causes metal fumes fever, hair and skin discolorations, dermatitis, respiratory 

tract diseases, and some other fatal diseases in human beings (Khan et al., 2008).  All tested samples 

contained the amount of Cu. The highest level (33.30 µg/g ) of Cu was found in the leaves of oregano from 

San Jose, Occidental Mindoro. The lowest Cu concentration was from the Oregano leaves in Cabanatuan, 

Nueva Ecija. The World Health Organization’s permissible limit of Copper in medicinal plants is 10mg/kg, 

while its intake in food is 2- 3mg/day (Shah et al., 2013). This means that oregano leaves from San Jose, 

Occidental Mindoro exceeded the permissible limit of Copper in medicinal set by WHO. 

 

This was similar to the findings of Dghaim et al. (2015) who analyzed the Copper content of oregano leaves.  

They found that oregano samples had an average concentration of 41.64 mg/kg which exceeded the 

regulatory limit (20 µg/g) for herbal medicines in China.  

 

However, Rout et al. (2010) reported that Copper was present in Coleus aromaticus at 0.11 ppm which was 

within the permissible limit. Moreover, in the analysis performed by Thenmozhi et al. (2011) Copper was 

found in to be in considerable amount. 

 

Table 1.  Heavy metals Analysis of Oregano leaves from selected areas in Nueva Ecija and Occidental 

Mindoro. 

Sampling Site  Cu 

(µg/g) 

Cd 

(µg/g) 

Ni 

(µg/g) 

Pb 

(µg/g) 

Zn 

(µg/g) 

Aliaga, Nueva Ecija 5.07 0.84 6.86 0.08 26.36 

Cabanatuan, Nueva Ecija 3.46 0.57 43.97 8.41 25.36 

Munoz, Nueva Ecija 8.17 0.61 10.03 37.16 43.28 

San Jose City, Nueva Ecija 5.83 0.58 12.26 13.95 35.50 

San Jose, Occidental Mindoro  33.30 0.58 20.51 22.84 25.48 

WHO Permissible Limits in µg/g : Cu= 10, Cd = 0.3, Ni= 1.5, Pb= 10, Zn=50 

 

Cadmium is a non essential heavy metal. It is very toxic even at low concentration that causes learning 

disabilities and hyperactivity in children.  The experimental results showed that Cd concentration in leaves 

samples occurred between the range of 0.57and 0.84 µg/g .  The Aliaga, Nueva Ecja oregano leaves had 

the highest level (0.84 µg/g) while the oregano leaves sample from Cabanatuan City, Nueva Ecija had the 

least content (0.57 µg/g) of Cd. The WHO recommended level of cadmium in medicinal plants is 0.3mg/kg 

≈ 0.3 µg/g. This indicates that all the oregano leaves samples exceeded the permissible Cadmium level. 

This supports the results obtained by Dghaim et al. (2015) that oregano samples exceeded the permissible 

limits (PL) for cadmium in medicinal herbs and plants.  

 

However, Criste et al. (2013) determined the concentration of heavy metals in plants such as Origanum 

vulgare (another scientific name of Oregano), Vaccinium Myrtillus L ( Bilberry), and Tribulus Terrestris  

(Caltrop) to propose these plant species as natural sources of microelements in the animal diet.   The results 

showed that the amount of Cadmium in Oregano plant was 0.11 + 0.01 which was less than the maximum 

limit ( 1 mg Cd/ kg)  set by the Romanian Legislative. Likewise,  Thenmozhi et al., (2011) treated the 

Coleus aromaticus leaves under crude and soxhlet methods by using aqueous and alcohol.  Analysis 

revealed that heavy metal Cadmium, was not present in the aqueous extract. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
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Nickel is also vital element for plants and animals. In small quantity, nickel is essential for the regulation 

of lipid contents in tissues and for the formation of red blood cells. But at high level, it becomes poisonous 

and causes severe diseases like loss of body weight, loss of vision, and heart and liver failures, plus skin 

irritation. The experimental data revealed that Ni concentration in oregano leaves samples occurred in a 

range of 6.86-43.97 µg/g. The oregano leaves from Cabanatuan, Nueva Ecija had the highest level (43.97 

µg/g), while the Aliaga, Nueva Ecija oregano leaves  had the least content(6.86 µg/g) of Ni. WHO’s 

permissible limit of Nickel in medicinal plant is 1.5mg/kg ≈1.5 µg/g, while its routine requirement for 

mankind is 1mg/day (Shah et al. , 2013). This indicates that all the samples were beyond the allowable limit 

of Nickel.  

 

On the other hand, in the report of Rout et al. (2010), Nickel was absent in the chloroform extract of Coleus 

aromaticus leaves. In addition, Thenmozhi et al., (2011) carried out heavy metal analysis to check the 

presence of toxic metals in the Coleus aromaticus leaves from Trichy Districts of Tamilnadu in India using 

atomic absorption spectroscopy. They found out that Nickel was not present in the leaves. Their analysis 

showed absence of heavy metals and presence of minerals such as iron, copper, zinc and chromium.  

Therefore, they recommended for high throughput research in the process of drug development for several 

diseases. 

 

Lead is an unnecessary heavy metal that causes oxidative stress and contributes to the pathogenesis of lead 

poisoning by disrupting the delicate antioxidant balance of the mammalian cells. High level buildup of Pb 

in body causes anemia, colic, headache, brain damage, and central nervous system disorder (Shah et al., 

2013).  The oregano leaves from Munoz, Nueva Ecija  had the highest level (37.16 µg/g ) of Pb, while the 

oregano leaves from a Aliaga, Nueva Ecija  had the lowest concentration (0.08 µg/g). WHO’s allowable 

limit of lead in medicinal plant is 10 mg/kg ≈ 10 µg/g.  Oregano leaves from Munoz and San Jose City 

Nueva, Ecija and San Jose Occidental Mindoro were above the permissible limit set by WHO.   

 

Similarly, in Middle Eastern countries, high concentration of Lead above permissible limits in medicinal 

plants and herbs has been reported. Ninety percent of oregano samples showed concentrations of Lead 

higher than 10 mg/kg (Dghaim et al., 2015).   

 

In contrast, Criste et al. (2013) determined the  Lead concentration in origanum vulgare spices because this 

plant will be included in a future animal feed study. The results showed that the average content of Pb was 

1.60 + 0.31 which is below 10 mg Pb/kg - the maximal limits imposed by Romanian Legislative. Moreover, 

the chloroform extract of Coleus aromaticus leaves had no trace of the heavy metal Lead (Rout et al., 2010). 

In addition, in heavy metal and mineral analysis conducted by Thenmozhi, et al. (2011), Lead was not 

present in the aqueous extract. 

 

Zinc is the basic component of a large number of different enzymes and plays structural, regulatory, and 

catalytic functions. It also has very important role in DNA synthesis, normal growth, brain development, 

bone formation, and wound healing. At high level, Zinc is neurotoxin ( Adelekan & Abegunde, 2011). The 

oregano leaves from Munoz, Nueva Ecija  had the highest contents (43.28 µg/g  ) of Zn, while the oregano 

leaves  of San Jose, Occidental Mindoro  had the least concentration (25.48 µg/g) of Zn. WHO’s 

recommended limit of zinc in medicinal plant is 50mg/kg  ≈ 50µg/g, while its intake in food is 11mg/day 

(Khan et al., 2008). This indicates that no samples exceeded the permissible level for Zinc.  

 

This finding conformed with the result of the study obtained by Dghaim et al. (2015)  which  revealed that 

the maximum concentrations of Zinc in oregano was 37.28 mg/kg  which did not go beyond the standard 

limit. This result coincided with the findings of Rout et al. (2010) who reported that Zinc content in Coleus 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052183/#CR46
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aromaticus was 0.03 ppm which was within the permissible limit. Moreover, Wadikar (2012) conducted a 

mineral analysis of Coleus aromaticus leaves using Inductively Coupled Plasma Optical Emission 

Spectrometer (ICP/OES) and revealed the presence of Zinc only in trace amount. Additionally, the heavy 

metals analysis carried out by  Thenmozhi et al., (2011) revealed the absence of Zinc in the leaves of Coleus 

aromaticus. 

 

4. CONCLUSION  

 

In conclusion, heavy metals (Cu, Cd, Ni, Pb and Zn) which are potentially toxic elements are present both 

in the oregano leaves from the selected areas in Nueva Ecija and Occidental Mindoro. There is a potential 

health risks on the utilization of oregano as medicinal plant because majority of the oregano leaves from 

the selected areas in Nueva Ecija and Occidental Mindoro contained  heavy metals concentration which 

exceeded the World Health Organization (WHO) standard limits in medicinal plants. This study 

recommended that it is essentially required that every medicinal plant should be checked for the 

concentration of heavy metals  before processing it for further pharmaceutical purposes or for local human 

consumption. Further studies may be conducted to determine the presence of toxic metals and to assess 

their long-term cumulative risk on consumer health. 
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ABSTRACT 

 

Chlorella vulgaris is a green plant-like, unicellular and spherical microscopic algae. The extract from C. 

vulgaris contains antioxidant and antimicrobial compounds (Dalton 2002). This study was conducted to 

assess the potential of C. vulgaris extracts as an alternative preservative for an antacid suspension. The 

antioxidant property of C. vulgaris was determined using the method of Yen and Chen (1995). Hexane, 

ethyl acetate and aqueous extracts of C. vulgaris (p=0.000) at 500 ppm, 100 ppm, 50 ppm, and 25 ppm 

exhibited incomparable antioxidant property with BHT. Ethyl acetate extract (500 ppm) showed the highest 

antioxidant activity while hexane extract (25 ppm) showed the lowest antioxidant activity, 12.65% and 

3.23%, respectively. Still, most of the extracts exhibited inferior antioxidant activity compared with BHT. 

The formulated antacid suspension with aqueous extracts of C. vulgaris prevented the growth of S. aureus 

and E. coli up to 28 days as compared to propylparaben. Ethyl acetate and hexane extracts of C. vulgaris 

also showed reduction in bacterial growth. The decrease in the number of S. aureus and E. coli at 14th and 

28th day indicates that C. vulgaris is a potential antimicrobial preservative. C. vulgaris conformed to the 

preservative standards of Category 4 products (USP 51). 

 

Keywords: antacid suspension, antioxidant property, Chlorella vulgaris (Chlorellaceae), preservative 

property, BHT (butylated hydroxytoluene) 

 

1. INTRODUCTION 

 

Preservatives are commonly used as additives or excipients in pharmaceutical products, food and cosmetics. 

Preservatives play an important role in enhancing the quality of pharmaceutical preparations. It also 

prolongs shelf-life of the product due to its antimicrobial, antioxidant and chelating properties (Arollado et 

al. 2017). Antioxidants such as Butylated hydroxyanisole (BHA) and Butylated hydroxytoluene (BHT), are 

agents that prevent oxidation of active pharmaceutical ingredients. Antimicrobial agents on the other hand 

acts on gram positive and gram negative microorganisms which play a role in pharmaceutical degradation. 

These includes benzoates, sodium benzoate, sorbates, propionates and nitrites. Whilst chelating agents form 

complex with pharmaceutical ingredients and prevent the degradation of formulation. Examples of 

chelating agents includes disodium ethylenediaminetetra-acetic acid (EDTA), polyphosphates and citric 

acid (Shaikh et al. 2016).  

 

Synthetic preservatives are available in the market and are usually utilized by pharmaceutical companies. 

Persistent use of these synthetic compounds resulted to various adverse effects. Nitrates can cause loss of 

consciousness and death especially to infants. Nitrates can react with proteins in the stomach and produce 

nitrosamines, a carcinogen. Sulfites can cause severe allergic reactions and exacerbation of asthma. 

Parabens can cause neurological damage in rats and are potent irritants and allergens. Parabens have been 

shown to be responsible for rare immunoglobulin E-mediated reactions that occur after the use of local 

anesthetics (Furrer et al. 2002; Soni et al. 2005). These are just some of the adverse effects of synthetic 

preservatives. Hence, the development of alternative preservatives is necessary to maintain the vital 

functions of pharmaceutical preparations while minimizing these adverse effects.  
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Researchers of this study were particularly interested with Chlorella vulgaris because of its antimicrobial 

and antioxidant properties. In-vitro free radical quenching and total antioxidant activity of C. vulgaris 

extracts were investigated with 1, 1-diphenyl-2- picrylhydrazyl (DPPH), and compared with cathequin and 

gallic acid. In most cases, results showed a significant association between the antioxidant potency and the 

total phenolics content. Antimicrobial activities were carried out using disc diffusion assays and the broth 

dilution method against gram-positive and gram-negative bacteria (Dantas et al. 2015).  

 

With such bioactivities, these algae can be a potential source of natural preservative. In this study, aqueous, 

hexane and ethyl acetate extracts of Chlorella vulgaris were assessed for its potential preservative capability 

in an antacid.suspension. 

 

2. MATERIALS AND METHODS 

 

2.1 Collection and Extraction of C. vulgaris  

Pure agar culture of C. vulgaris was acquired from the MSU –Naawan Phycology laboratory. Samples were 

inoculated in a TMRL (Tung Kang Marine Res. Lab) medium to produce 10000 liters of sample. The algal 

cells were grown for 20 days to reach the early stationary phase with a cell density of 3.46 x 107 cells/ml. 

The biomass was collected by chemical flocculation and filtration (Song et al. 2018). About 170g of algal 

biomass was macerated with the 95% ethanol for 3 days. One hundred fifty milliliters of each organic 

solvent such as hexane (nonpolar), ethyl acetate (semi-polar) and distilled water (polar) were used. 

Respective solvents were reduced and recovered from the extracts using the rotary evaporator (IKA RV10 

digital) at 40°C (Hosseinizand et al. 2017). Each extract were completely dried and weighed (Adhoni et al. 

2016). 

 

2.2 Phytochemical Analysis  

All extracts of C. vulgaris were subjected to phytochemical screening for the determination of bioactive 

compounds using the methods of Guevara (2005). The algal extracts were tested for the presence of 

secondary metabolites.  

 

2.3 In-vitro Antioxidant Assay: DPPH (1,1-diphenil-2-picrylhydrazyl) free-radical scavenging 

activity  

The antioxidant activity of C. vulgaris extracts determined using the method of Yen and Chen (1995). A 

2.0 ml of aliquot of test samples was added to 2.0 ml of 0.16 mM DPPH methanolic solution. The mixture 

was vortexed for 1 min and then left to stand at room temperature for 30 min in the dark. The absorbance 

of all the sample solutions was measured using UV-VIS spectrometer (Lasany Double Beam L1-2800) at 

517 nm. BHT (C15H24O) was used as the reference standard. The scavenging effect (%) was calculated 

by using the formula given by Duan et al. (2006). 

 

2.4 Preparation of Antacid Suspension  

Aqueous, hexane and ethyl acetate extracts of the algal samples were used to replace the synthetic 

preservative, propylparaben, in the formulation. Special and meticulous processing and handling of the 

formulations was observed to limit microbial load. The composition of the suspension was aluminum 

hydroxide, sorbitol, syrup, glycerin, xanthan gum, propylparaben (replaced with algal extracts), mint, 

purified water (Allen and Ansel 2014). 

 

2.5 Antimicrobial Preservative Effectiveness Test  

The preservative potential of C. vulgaris on the formulated suspensions was evaluated following the 

guidelines of antimicrobial effectiveness testing of the USP 51 (USP 2015). Escherichia coli and 

Staphylococcus aureus were used as test microorganisms, and each was diluted with 0.9% sterile saline 
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solution to a density of 0.5 McFarland standard, equivalent to 1x108 (cfu)/mL. One ml inoculum was 

transferred to the suspensions and mixed thoroughly. The resulting solutions was incubated at 22.5 ± 2.5°C. 

One ml aliquot of each solution was sampled at 0, 14 and 28 days and diluted with sterile saline solution. 

The solution was transferred to soybean casein digest agar using pour-plate method and was incubated at 

32.5 ± 2.5°C for 24 hours. Colony forming units per ml was then determined. The formulated suspension 

containing propylparaben as antimicrobial preservative was used as positive control. For the product to 

conform with the USP standard for product category 4 (aqueous antacid suspension), there should be no 

increase of bacterial count at 14th and 28th day of sampling.  

 

2.6 Statistical Treatment  

The data that were gathered from antioxidant and antimicrobial preservative effectiveness tests were 

recorded. The number of cfu/mL from the antimicrobial preservative effectiveness test was converted to 

log values. Log reductions was computed based on the change in log values for each sampling day and at 

day 0, and were used to compare the preservative activity of the positive control and the algal extract 

formulations (Arollado et al. 2017). Significant differences between the positive control and algal extracts 

were determined by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Results 

were considered statistically significant when p<0.05 

 

3. RESULTS AND DISCUSSION 

 

3.1 Phytochemical Screening  

Phytochemical analysis of different extracts of C. vulgaris and revealed the presence of alkaloids, 

flavonoids, steroids, reducing sugars and cyanogenic glycosides. 

 

3.2 Antioxidant Assay: DPPH free-radical Scavenging Activity  

Antioxidant activities of hexane, ethyl acetate and aqueous extracts of C. vulgaris were measured on the 

basis of the ability of the extracts to scavenge the stable DPPH. BHT 500 ppm (0.036±0.002) exhibits the 

highest antioxidant property followed by BHT 100 ppm (0.136±0.004) with an antiradical activity of 

96.21% and 85.82%, respectively. The results revealed that C. vulgaris extracts possess inferior antioxidant 

property compared with BHT (positive control). Ethyl acetate extracts 500 ppm (0.838±0.005) and 100 

ppm (0.849±0.004) showed antiradical activities of 12.65% and 11.50%, respectively. 

 

ANOVA shows significant differences in antioxidant properties of BHT, hexane, ethyl acetate and aqueous 

extracts of C. vulgaris 500 ppm, [f(3,12) = 6830.57, p=0.000)]; 100 ppm, [f(3,12) = 7172.36, p=0.000)]; 50 

ppm, [f(3,12) = 11098.81, p=0.000)]; and 25 ppm, [f(3,12) = 19136.87, p=0.000)]. Individual between-

treatment comparisons revealed that antioxidant properties between BHT and hexane extracts (p=0.000); 

BHT and ethyl acetate extracts (p=0.000); and BHT and aqueous extracts (p=0.000) differed significantly. 

The significant differences between extracts and positive control in terms of antioxidant property implies 

that C. vulgaris extracts is not comparable with BHT as an antioxidant preservative. Ethyl acetate extract 

(500 ppm) showed the highest antiradical activity while hexane extract (25 ppm) showed the lowest 

antiradical activity, 12.65% and 3.23%, respectively. Still, most of the extracts exhibited antioxidant 

activity below the positive control BHT.  

 

3.3 Antimicrobial Preservative Effectiveness Test  

Table 1 presents the ethanolic plant extracts which were used as preservatives in antacid suspension against 

Escherichia coli and Staphylococcus aureus with propylparaben as positive control. The formulated antacid 

suspension with aqueous extracts of C. vulgaris prevented the growth of S. aureus and E. coli up to 28 days 

as compared to propylparaben. Ethyl acetate and hexane extracts of C. vulgaris also showed reduction in 
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bacterial growth. The decrease in bacterial count at 14th and 28th day indicates that C. vulgaris is a potential 

antimicrobial preservative. C. vulgaris conformed to the preservative standards of Category 4 products. 

 

Table 1. Antimicrobial preservative effectiveness test on C. vulgaris extracts 

C. vulgaris extracts Microbial count x 104, cfu/ml Increase from initial count 

 Day 0 Day 14 Day 28 Day 14 Day 28 

S. aureus      

Negative 1.33E+06 1.37E+06 1.25E+06 + - 

Propyl paraben 9.90E+05 1.20E+05 3.00E+04 - - 

Hexane 3.00E+04 2.00E+04 1.00E+04 - - 

E. acetate 3.10E+05 4.00E+04 3.00E+04 - - 

Aqueous 2.00E+04 NR NR - - 

E.coli      

Negative 1.90E+05 3.50E+05 3.90E+05 + + 

Propyl paraben 1.00E+04 2.00E+04 3.00E+04 + + 

Hexane 5.00E+04 1.00E+04 NR - - 

E. acetate 2.00E+04 1.00E+04 1.00E+04 - - 

Aqueous NR NR NR - - 

NR- No recovery 

 

4. CONCLUSION 

 

The hexane, ethyl acetate and aqueous extracts of C. vulgaris exhibit lower antiradical activity compared 

to BHT (positive control) indicates that C. vulgaris is not an effective antioxidant preservative for an antacid 

suspension. However, C. vulgaris extracts prevented the increase of bacterial growth at 14th and 28th days, 

this proves that C. vulgaris is an effective antimicrobial preservative for an antacid suspension. Aqueous 

extracts even revealed no growth even after 3-5 days incubation period. 
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ABSTRACT 

 

The Philippines ranked third of the countries that is vulnerable to climate change causing  increased 

susceptibility to various diseases due to sudden change of weather brought by monsoon rains. Supplements 

are consumed to resist infections and meet the health needs. This research is focused on the development 

of an immunity booster utilizing the calamansi, carrots and broccoli which all contains restorative properties 

both known in the field of nutrition and culinary. Process involved selection of raw materials, extraction, 

freeze drying, formulation, tableting, packaging and labeling.  The product was evaluated by 50 panelists 

to determine the product’s general acceptability using hedonic rating scale. Laboratory testing results 

showed that product yields 52 calories per 15 grams of serving with 12.30mcg Vitamin A, 109.20mg 

Vitamin C, 5.10mg Vitamin D, 17.40mg Vitamin E, and 4.90mg Zinc, therefore exceeds the required 

nutrient intake per day as set by PDRI, except for Zinc that only attained 88%. Product also has very low 

moisture content and free of pathogens that proved it is safe and can last for a month at room temperature. 

Sensory evaluation obtained a mean rating of 8.06 or “Like Very Much” by the respondents; therefore, 

product is acceptable and promotes good immune system.   

Keywords:  Immunity boosters, supplements, freeze drying, tableting, immune system 

1. INTRODUCTION 

 

Food supplements provide nutrients to those who have inadequate and need quantities of it. It can be 

vitamins, minerals, amino acids, fatty acids, and other substances in the form of pills, tablet, capsules and 

also powders added to water (Maixent, 2012). In the European Union, it is regulated as foods and not as 

drugs. There should be sources of nutrients to it with a nutritional, immunologic and physiological effect 

and not just only by adding another ingredient. Furthermore, it is also proven that food supplements are 

widely used by millions of people around the world to meet their health needs. Likewise, Immunity Booster 

is one of the food supplements for keeping our immune system healthy.   

 

Immunity Booster is a food supplement that helps your body to lift up the health of the immune system. 

Based on the Academy of Nutrition and Dietetics, there are top five essential nutrients needed to boost and 

strengthen the immunity of the body, it includes Vitamin A, D, C, E, and Zinc (Terrie, 2017). Moreover, 

the human immune system is also an interface across which many climate changes sensitive exposures can 

affect health outcomes (Swaminathan, Lucas, Harley & McMichael, 2014). An important determinant of 

climate change from various illnesses caused by pathogens and parasites in human populations, diarrhea, 

enteric diseases and certain waterborne diseases as stated by the World Health Organization (n.d). 

Therefore, low immunity is a significant threat to human life's that may lead to death.  

 

Climate change is happening now. It is one of the most fundamental challenges ever to confront humanity. 

The Philippines experienced natural disasters enough to place it among the countries that are most 

vulnerable to the adverse effects of climate change (World Health Organization, 2019). According to the 

Time Magazine article in 2013, More than 20 storms enter in the Philippine Area of Responsibility every 

year. It could be one of the reasons why there is low immunity since this weather in the Philippines brings 

health risks to our bodies.  
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The World Health Organization estimated that over 150,000 people died yearly because of climate change 

and environmental pollutants for the past 30 years (Patz, Lendrum, Holloway, & Foley, 2005). A recent 

survey by HSBC Climate Research, 2018, India ranked first as the most vulnerable to climate change, 

second the country of Pakistan, then the Philippines ranked as third followed by Bangladesh. Pakistan, 

Bangladesh, and the Philippines are susceptible to extreme weather events, such as storms and flooding 

(Flores, 2018). Due to these cases, people are still starting to get ill that caused to decrease their immunity 

levels.  

 

The world has been warned about dangerous changes in the atmosphere for more than three decades. Until 

there is such time that there are uncertain predictions and warnings regarded to possible problems in the 

future (Tacio, 2010). It was Hansen (2005), of the US National Aeronautics and Space Administration 

(NASA), who first raised the problem of global warming. He told that the greenhouse effect is changing 

our climate now. The warming of our atmosphere It is likewise evident that Philippines has been affected 

by climate change, and one devastating effect is an increase in the number of tropical cyclones and storms. 

When heavy rains pours, excessive high flood peaks, and generalized flooding occur, the stagnant pools of 

flood water serve as ideal breeding grounds for pathogens that result in diarrhea and water-borne diseases. 

Therefore, the Department of Health accurately calls these changes of weather as WILD diseases. W.I.L.D. 

stands for waterborne diseases, Influenza, Leptospirosis, and Dengue. To avoid the outbreak of these 

diseases, the DOH recommends drinking potable water, avoiding wading in floods, reducing extensive 

collections of water, and maintaining a robust immune system.   

Hence, to address the low immunity due to monsoon weather, the researchers proposed a new variety of 

immunity booster in effervescent tablet form that helps to improve the immune system, made from readily 

available fruits and vegetable using freeze-drying technology.   

2. MATERIALS AND METHODS 

 

Product Development 

The research study was focused on the development of an immunity booster drink in effervescent tablet 

form using the local produce namely: calamansi, carrots, and broccoli. The natural medicinal properties of 

these crops can intensify the immunity of individuals who tend to have lower resistance due to changes in 

climate. The product contains five essential nutrients needed to boost the immunity such as vitamins A, C, 

E, Zinc. Vitamin D, on the other hand, is added synthetically called Vitamin D3 since this nutrient is 

naturally acquired from sun. The effervescent tablet creates a fizzy effect upon dilution in a cup of water 

which ease the nutrient absorption in the body. It is clear juice drink with a prominent citrus flavor. Finished 

product undergoes laboratory testing such as microbiological, proximate, and nutritional analyses to ensure 

safety, as well as identification of the nutritional value of the food before the conduct of sensory evaluation. 

Moreover, the study employed the consumer preference test as to be perceived by 10 trained professionals 

and 40 random students to determine the product acceptability through sensory evaluation further using 9-

point Hedonic Scale assessing the product attributes in terms of appearance, flavor, texture, aroma and 

general acceptability.   
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Methodology 

 

The whole process of making the product is presented in this section. The major process flow chart 

illustrated the procedures that were applied to the calamansi, carrots and broccoli.  

 

 

 

 

 

Figure 1. Process Flow Chart initially includes the selection and preparation of the raw materials. Each 

main ingredient was extracted separately, contained in a food grade material, then subjected to freeze 

drying using manifold freeze dryer to produce powdered substances. Formulation requires additives to 

prolong its shelf life, facilitate the tableting, and achieve the desired product outcome. Lastly, the final 

product is packed in a clear blister primary packaging, packed in cartons (secondary package) then labelled 

in accordance to the mandatory Food and Drug Administration requirements.  

 

 

 

 

 

 

Figure 2 Product Label Layout (Front and back) illustrated the parts of the label design for the Immunity 

Booster Tablet. The Front label has the product’s name at the center, beside is the product description, net 

weight on the lower right side, then yield is written oppositely. At the back of the label includes the 

ingredients, instruction upon usage, manufacturer's name, manufacturer's address, barcode, nutritional 

facts and manufacturing date and its expiry.     

  

J 

A. Product’s Name                F. Instruction    

B. Number of tablets             G. Ingredients    

C. Product description           H. Manufacturing date and expiry    
D. Net Weight in grams         I. Barcode    

E. Supplement Facts              J. Manufacturer and address 

 

 

Selection and 
Preparation of 
Raw Materials

Extraction
Freeze 
Drying

Formulation Tableting 
PPackaging and  

Labeling
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3. RESULTS AND DISCUSSION 

 

a. Test Results 

Table 1 Nutrition Facts of the Immunity Booster Tablet  

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 Immunity booster tablet yields 52 calories per 15 gram of serving containing exceeding amounts 

of Vitamin A, C, D, E based on the PDRI table for male and female aged 19-29. The amount of Zinc of 

attained only 88% of the recommended nutrient intake per day .  Overall, the product can intensify the 

immune system. 

   Table 2 Summary of Results of Proximate and Microbiological Analyses of Immunity Booster Tablet 

 

Proximate Analytes/ 

Parameters 

Results Methods 

Ash  8.32 % Gravimetric 

Moisture 4.19 % Air-Oven 

Crude Protein 18.17% Kjeldahl 

Crude Fat   0.1  % Soxhlet 

Staphylococcus negative  BAM Chapter 12 

Escherichia Coli <1.1 MPN/g BAM Chapter 4 

 

Analyses result shows that the product contains very low moisture content and capable to last for a 

month if stored under proper storage conditions. Much lower moisture content with approximately 2% will 

be ideal for long term storage of effervescent tablets. On the same table, microbial tests revealed that 

product is safe to consume. 
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b. Sensory Evaluation  

Table 3 Summary of Mean Results of 50 Evaluators 

 

Quality Attributes Mean Descriptive 

Appearance  7.70 Like Moderately 

Texture 8.00 Like Very Much 

Flavor 7.70 Like Moderately 

Aroma 7.46 Like Moderately 

General Acceptability 8.06 Like Very Much 

 

The product is evaluated by 10 trained panelists from The Maya Kitchen Culinary Arts and 40 students 

ranging from 19-29 years old. The evaluation determined the acceptability of the product in terms of its 

quality attributes where results revealed that appearance obtained a mean of 7.7 or "Like Moderately," 

texture with a mean rating of 8.0 or "Like Very Much," flavor with a mean rating of 7.7. aroma with a mean 

of 7.46  or both interpreted as "Like Moderately". Lastly, general acceptability with mean rating 8.06 or 

“Like Very Much”. The evaluators commented that Immunity Booster Tablet dissolved in water has a 

refreshing flavor. 

 

4. CONCLUSION 

 

Based on the results of the evaluation conducted the following findings were derived: Processing the 

raw materials through freeze-drying retains much of its nutrients essential for the product formulation; clear 

blister packaging helps to preserve the attributes of the product and label is directly printed on the folded 

cartons for the product information and convenience; analyses show that the product is safe for consumption 

and contains ample amount of nutrients needed to boost immune system; lastly, the product attained an 

overall mean of 8.06 interpreted as  "Like Very Much" thereby, indicates that the product is acceptable. 
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ABSTRACT 

Power outage is one of the problems when calamity occurs. It causes delay in search and rescue operation 

because of the lack in communication. It takes much time for the power to be restored after the rescuers 

damage is done after the disaster struck. The developed study is a possible solution to in averting power 

shortage during the natural calamity or disaster strike. The Disaster Power Station was developed through 

the fabrication of stainless-steel base and enclosure. It is controlled by a microcontroller, it is capable of 

detecting movement on the ground and send signal to alarm that there is an earthquake and it will activate 

the charging station as soon as the earthquake detected. Lamp is also provided in case earthquakes occur at 

night. Charging system will function and will be monitored to what was intended for the project. It is 

concluded that based on the evaluations, the prototype will be used in case of disaster. It is evaluated by It 

is evaluated by 1 professionals and 15 students using the TUP Evaluation Instrument and rated with an 

overall mean of 4.38 with the descriptive rating of "Very Good". The system developed performs the 

operation needed and was rated objectively. A manual is also implemented for the instructions. 

Keywords: Power Outrage, Solar Panel, Power Station, Microcontroller, Disaster 

 

 

1. INTRODUCTION 

 

According to Stewart (2016), the natural disaster can occur instantly without any signs or warnings. One 

example of this is an earthquake, Scientists know where earthquakes are likely to strike for years. However, 

predicting when will it going happen, and their magnitude is proving a lot more difficult for them. 

Velasquez (2015) said that a potential earthquake is not a prediction over a specified time, but for sure it 

will happen. No one knows when and how strong it will be. Between two different subduction zones, the 

Philippine is the Eurasian plate subduing Luzon along the Manila trench and the Philippine sea plate 

subduing westward along the eastern Luzon trench. These zones explain high seismic activity in Luzon 

(Sabillo, 2015). Philippine Institute of Volcanology and Seismology (2016) stated that, the valley fault 

system showed that a big earthquake will strike through the dense of Metro Manila area and can shake the 

neighboring provinces in Luzon. 

 

The Power outage is one of the common problems that people face after an earthquake strike, or due to 

natural calamity occurrences. Electric power network tends to fail, that can cause severe and widespread 

societal and economic disruption, in this kind of disaster Emergency rescue teams will ensure the safety 

and assistance of their people through communication according to Manoukian, (2016). Emergency 

response unit will be active to respond in this situation, but power services took hours or days to be restored 

depending on the onslaught caused by this disaster. 

 

Large parts of the Philippines remained without electricity days after a 6.5 magnitude quake shook the 

Visayas region, according to Fuentabella, (2017) part of the Leyte and the surrounding islands of Samar 

and Bohol were affected of power outage repairs were still being conducted. He also added, "In three to ten 

days, we will see a tremendous improvement in ensuring that there will be basic electrical service available 

in the region.” 
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 Developing a Disaster Power Station is intended to provide emergency power supply in case of disaster 

especially earthquake that disrupts electricity. This study offers to charge phone and charge portable 

emergency flashlights. To increase community resilience and support effective, efficient response and 

recovery from natural hazard situation the project will provide warning and alarm for the evacuees to be 

informed to go to the nearest evacuation area for safety. 

 

2. MATERIALS AND METHODS 

 

 
Figure 1 The design, this is an emergency power supply for cellphone that is programmed to be used in 

case of a power shortage after a calamity occur particularly earthquake. The casing was made out of 

stainless plate and stainless bar that has a body dimension of 274 cm height, 51.5 cm width and 51.5 cm 

length and an iron steel frame for the frame of the solar panel. The microcontroller used was an Arduino 

Uno, this sends and receives data through GSM and drive a relay array that control the two (2) USB port, a 

siren and a lamp. For the sensor an accelerometer is mounted inside the project to distinguish the change of 

axis, this component is used for the detection of an earthquake. A solar panel was used for the charging of 

the battery, which is used to supply the whole circuitry of the project. 

 

3. RESULTS AND DISCUSSION 

 

The evaluation procedure was conducted in a questionnaire type of process and  

testing. The project is assessed base on seven criteria, specifically,  

Functionality, Aesthetic, Workability, Durability, Economy, Safety, and Salability. 

 

Table 2 Summary of Evaluation Results 

 Criteria                                         Mean                                       Descriptive Rating 

 Functionality                                  4.48                                              Very Good 

 Aesthetic                                        4.22                                              Very Good 

 Workability                                    4.25                                              Very Good 

 Durability                                       4.44                                              Very Good 

 Economy                                        4.31                                              Very Good 

 Safety                                             4.46                                              Very Good 

 Salability                                        4.50                                              Very Good 

 Overall Mean                                 4.38                                              Very Good 
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Table above shows the summary of the evaluation results: Functionality gain a mean rating of 4.48 and 

described as “Very Good”. Aesthetic results with a mean of 4.22 and described as “Very Good” it means 

that the project is attractive. Workability results a mean of 4.25 and described as “Very Good”, it means 

that project is working efficiently. Durability scored a mean of 4.44 and described as “Very Good”, this 

shows that the project is sturdy enough to last a long time. Economy scored a mean 4.31 and being described 

as “Very Good”, it shows that the project does not require large amount of money in the fabricating. Safety 

scored a mean of 4.46 and described as “Very Good”, this proves that the project is safe in operating. 

Salability mean result is 4.50 and described as “Very Good”, that means the project was marketable and in 

demand. Results shows that the overall mean is 4.38 and falls in the descriptive rating “Very  Good”. It 

proves that the project is acceptable and is capable to perform what it is designed to do. 

 

4. CONCLUSION 

 

The following conclusions where derived based on the concerns stated by the objective of the study and 

results of the evaluation: (1) The project was designed based on the objective given by the research adviser: 

a) enclosure and its base have a square body made out of stainless steel and fully welded to prevent rusting, 

b) bypass door on the right side, is also made out of stainless steel sheet that holds the Maximum Power 

Point Tracker, c) charging station door panel in front side, holds the mobile phones and other portable 

devices, d) adjustable pole for solar panel can reach up to 6 ft. and can be rotate 360 degrees, e) front side 

has acrylic sheet for monitoring devices, a liquid crystal display and a voltmeter, f) detects movements from 

the ground by using accelerometer; (2) The battery bank is fabricated as preferred by the thesis adviser; 

(3)The disaster power station undergoes testing in order to prove the functionality, aesthetic, workability, 

durability, Economy and Safety; and *4)An average numerical rating of 4.38, with an equivalent descriptive 

rating of “Very Good,” was given by the evaluators to the project most likely because safety is one of the 

important objectives of this project. 
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