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Abstract 

 

The role of plant-growth promoting rhizobacteria (PGPR) in 
sustaining organic crop production system is indispensable. As such, this 
study characterized and evaluated the rhizobacteria isolated from the 
rhizospheres of wild lily sp. and sugarcane in the City of Batac, Ilocos 
Norte, Philippines. Initially, 15 bacterial isolates were purified and 
characterized morphologically. However, isolates with similar 
characteristics were discarded and only six were evaluated to determine 
their effect on the early growth of glutinous corn (Zea mays L.) through a 
pot experiment.  Promising isolates were biochemically characterized to 
determine their classification.   

Corn plants inoculated with bacterial isolates were significantly taller 
than the control from 14 to 28 days after planting (DAE). At 28 DAE, the 
heights of the corn plants inoculated with LR10 (44.50cm), SC5 (43.00cm), 
SC4 (42.50cm), LR9 (42.33), and LB1 (40.67cm) were comparable to 
those inoculated with LR (39.33cm) but significantly taller than the control 
(35.37cm). The total biomass of corn plants inoculated with LB1 produced 
the heaviest (3.20g) followed by those inoculated with LR1 (2.57g) and 
SC4 (2.40g). Results of biochemical characterization indicate that isolate 
LB1 is classified as Paenibacillus polymyxa, LR1 as Bacillus subtilis, and 
SC4 as Bacillus subtilis. 
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Introduction 

Synthetic fertilizer is indispensable in 
providing adequate nutritional needs of crops 
to attain higher yields.  However, with the 
goal of providing the needs of the fast-
growing population in Asia, particularly in the 
Philippines, synthetic fertilizer and pesticide 
application needed in producing crops had 
increased tremendously causing 
groundwater contamination (Gumtang et al, 
1999) and natural ecosystems degradation 
(Tilman et al, 2002). Prolonged use and 
excessive application of synthetic fertilizer 
destroys soil crumbs-mixture of humus and 
clay that resulted to a highly compacted soil 
with reduced drainage and air circulation due 
to depletion of organic materials and trace 
nutrients. Furthermore, the soil becomes 
more acidic, which jeopardizes the 
microorganisms that are both beneficial to 
soil health and eventually the plants.  

As such, development of alternative 
technologies that would revitalize or 
rejuvenate soil health and sustain production 
of safe and quality food like organically-
grown crops is imperative. Growing organic 
products is a holistic management system 
that avoids the use of synthetic fertilizers, 
pesticides, and genetically-modified 
organisms.  Likewise, it minimizes air, soil, 
and water pollution and optimizes soil health 
and productivity of interdependent 
communities of plants, animals, and people 
(FAO, 2007). In implementing Republic Act 
10068 (popularly known as the Organic 
Agriculture Act of 2010), all sectors are 
obliged to improve soil fertility, in order to 
increase farm productivity, reduce pollution 
and environmental destruction. However, its 
promotion had faced many challenges like 
inadequate production support, policy gaps, 
as well as fragmented and inadequate 
research and development among others. 
Thus, the need to develop inquiry-based 
technologies that produce organic inputs is 
crucial for the successful program 
implementation. 
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The roles of plant growth-promoting 
rhizobacteria (PGPR) in crop production are 
essentials. PGPR are free-living soil bacteria 
that, when inoculated on seedlings before 
planting, would effectively colonize the root 
system and then enhance the growth and 
yield of the host plants (Kumar et al, 2014).  

Moreover, PGPR are commonly 
isolated in the plant rhizosphere, a narrow 
zone closely surrounding the roots  
(Sivasakthi, 2013) that is characterized by 
intense microbial activities stimulated by the 
root exudates. Afshan et al (2015) described 
various ways that have been hypothesized to 
elucidate how PGPR benefit the host plant. 
These include the ability to:  a) manufacture 
plant growth regulators or phytohormones 
such as indole acetic acid (IAA), cytokinins, 
and gibberellins (Glick, 1995; Haque and 
Dave, 2005; Marques et al, 2010); b) 
increase asymbiotic N2 fixation (Sahin et al, 
2004; Khan, 2005); c) solubilize inorganic 
phosphate and mineralize organic phosphate 
and/ or other nutrients (Glick, 1995; 
Lazarovits and Nowak, 1997; Jeon et al., 
2003); and d) antagonize the effect against 
phytopathogenic microorganisms by 
producing siderophores, the synthesis of 
antibiotics, enzymes, and/or fungicidal 
compounds, and competing with detrimental 
microorganisms (Dey et al, 2004; Lucy et al, 
2004).  

Meanwhile, plants such as wild lily 
and sugarcane are known for their resilience 
to biotic and abiotic stresses that might be 
due to the synergistic effect of the microbial 
communities associated with them such as 
Psuedomonas (Botelho and Mendonça-
Hagler, 2006) and Bacillus species.  Both of 
which are known for their biocontrol and 
biofertilizer properties.  

The information generated herein 
regarding the functional diversity of PGPR 
associated with the rhizospheres of lily and 
sugarcane is crucial for understanding their 
ecological role and potential utilization in 
sustainable crop production. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B23
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B9
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B28
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B43
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B43
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B22
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B9
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B18
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B18
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B8
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B25
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362341/#B25
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Generally, the study isolated, 
characterized, and evaluated the growth 
promoting activity of bacteria isolated from 
the rhizospheres of sugarcane and wild lily.  
Specifically, it isolated plant growth-
promoting rhizobacteria from the 
rhizospheres of sugarcane and wild lily; 
morphologically characterized the selected 
bacterial isolates; evaluated the plant                 
growth-promoting activity of bacterial isolates 
on the early growth stage of corn; and 
biochemically characterized isolates having 
plant growth-promoting activity.  

Methodology 

Sample Collection, Isolation                                    
and Purification of Bacteria 

Roots and bulbs of wild lily and roots 
of sugarcane were carefully collected by 
uprooting the root system and then placed in 
a plastic bag and cooler ready for 
transporting to the laboratory. Samples 
weighing 20g of the lily roots (LR), peels of 
the lily bulbs (LB), and sugarcane roots (SR) 
were taken after gently washing with distilled 
water. They were separately placed in 
250mL flasks containing 90mL sterile distilled 
water and shaken (120rpm) in an orbit 
motion for 30min. Ten-fold serial dilutions for 
each sample were made and 0.1mL aliquots 
from the 10-6 to 10-10 were spread onto plates 
containing nutrient agar. The plates were 
incubated for 36hr at 30°C and only plates 
with 25-250 colonies were counted and 
considered for characterization (Breed and 
Dotterrer, 1916; Tomasiewicz et al, 1980). 
Five bacterial isolates from LR, LB, and SR 
were selected. Different colonies appearing 
on the medium were isolated for 
characterization such as size, color-
pigmentation, form, margin, elevation, 
surface, texture, and opacity as described by 
Somasegaran and Hoben (1994). The Gram 
reaction was performed as described by 
Vincent and Humphrey (1970).  

Plant Inoculation  

Effect of bacterial inoculation on plant 
growth was examined on glutinous corn 
since grasses are generally sensitive to 
nitrogen deficiency and responsive to 
supplemental N applications, through a pot 
experiment under screen-house condition. 
Seeds were planted on pots containing 1.5kg 
sterilized soil and were pre-germinated for 
four days with two seedlings per pot. Two 
days after germination, 5mL inoculum was 
applied at the base of the seedlings per pot. 
Six distinct bacterial isolates plus a negative 
control were used as treatments and set-up 
in Complete Randomized Design (CRD) with 
three replications per treatment. Plants were 
harvested 30 days after emergence and data 
sets were recorded for plant height, shoot 
and root dry weight, and total biomass.  

Biochemical Characterization                               
of Promising Isolates  

Isolates LB1, LR1, and SC4 which 
showed plant growth-promoting activity were 
submitted to the Nueva Viscaya State 
University DNA-Based Indexing Laboratory 
for biochemical characterization using plate 
technique.  

Statistical Analysis 

 Data on plant height, shoot biomass, 
root biomass, and total biomass were 
subjected to analysis of variance (ANOVA) 
and differences among treatment means 
were compared using least significant 
difference (LSD) test at 5% level using 
Statistical Tool for Agricultural Research 
(STAR) version 2. 

Results and Discussion 

Evaluation of Isolated Colonies 

Population count of the 15 bacterial 
isolates ranged from 8 x 107 to 4.8 x 1012 cfu 
g-1 of rhizosphere samples (Table 1). The 
high number of colonies observed from the 
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different samples implies greater microbial 
activities and higher possibility of PGPR 
isolation.     

Table 2 presents the morphologic 
characteristics of the 15 bacterial isolates. 
Results indicate that 67% of the bacterial 
isolates were gram positive bacteria. 
Generally, most gram positive bacteria are 
beneficial whereas gram negative bacteria 
are pathogenic. All of the isolates were white 
to off-white, circular, with raised elevation, 
and had sharply-defined edges. 

Screening for PGPR Activity on Corn 
Plants 

 Out of the 15 isolates subjected to 
morphological characterization, only six 
distinct isolates were evaluated for plant 
growth-promoting activity on corn plants. 
Table 3 shows that no significant differences 
on height were observed among treatments 
at 7 DAE. However, significant differences on 
height among the treated plants and the 
control were observed starting from 14 DAE 

to 28 DAE At 14 DAE, the height of corn 
plants inoculated with LR1 (34.90cm); LR3 
(34.40cm), LR5, SR4 (34.37cm), and LB1 
(33.70cm) was statistically the same, but 
SR5 (31.43cm) and the control (28.40cm) 
were significantly different.  The relative 
increase in height of the inoculated plants 
over the control ranges from 7.15 – 22.89%. 
At 21 DAE, corn plants inoculated with LR5 
(42.47cm), LR3 (40.93cm), and SR4 
(39.30cm) were the tallest but comparable to 
those inoculated with SR5 (38.77cm), LB1 
(37.43cm) and LR1 (37.23cm). The 
uninoculated corn plants were the shortest 
(34.03cm). At this stage, the relative increase 
in height of the inoculated plants over the 
control ranged from 9.40 to 24.80%. At 28 
DAE, the same trend was observed except 
for LB1 (40.67cm), which was statistically the 
same as LR5 (44.50cm), SR5 (43.00cm), 
SR4 (42.50cm), and LR3 (42.33cm).  The 
relative increase in height of the inoculated 
plants over the control ranged from 11.20 to 
25.81%. Tiwari and Thrimurthy (2007) and 
Deepa et al (2010) suggests that PGPR can 
directly increase plant growth via different 
processes such as the following: 
atmospheric nitrogen fixation; siderophores 
production that chelates iron and makes it 
available to the plant roots; increased uptake 
of nitrogen, phosphorus, and potassium; and 
synthesis of phytohormones, indole acetic 
acid, gibberlic acid, and auxin.  

On the other hand, significant 
differences were observed on the shoot 
biomass, root biomass, and total biomass of 
the test plants (Table 4). Corn plants 
inoculated with LB1 isolate produced the 
heaviest biomass (2.23g), which is 81.30% 
heavier than the control. Relative increase of 
shoot biomass of inoculated corn plants over 
the control ranged from 3.25 to 81.30%. In 
terms of root biomass, corn plants inoculated 
with LR1 obtained the heaviest with LR1 
(1.03g), which was similar to those 
inoculated with LB1 (0.97g) and SC4 (0.87g) 
with relative increase of 74 – 106%. Others 
were comparable to the control,                        
which ranged from 0.47 – 0.53g.    For  the  

    ISOLATE 
POPULATION 

COUNT 
Sugarcane   

SR1 8.0 x 107 
SR2 1.7 x 109 
SR3 7.0 x 109 
SR4 5.7 x 1011 
SR5 4.0 x 1012 

Lily Bulb   
LB1 3.3 x 108 
LB2 7.0 x 108 
LB3 2.2 x 1010 
LB4 2.0 x 1010 
LB5 1.5 x 1012 

Lily Root   
LR1 4.9 x 108 
LR2 2.5 x 109 
LR3 2.7 x 109 
LR4 5.3  x 1011 
LR5 4.8 x 1012 

Table 1. Population count of bacterial 
isolates from the rhizospheres and 
bulbs of sugarcane and wild lily 

Plant Growth Promoting Rhizobacteria   DS Bucao & DRM De Leon 
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Table 2.   Morphologic characteristics of selected bacterial isolates from the bulb and 
rhizospheres of wild lily and sugarcane 

 

Table 3. Plant height (cm) of corn plants from 7 days to 28 DAE as affected by the 
bacterial isolates 

In a column, means followed by the same letter are not significantly different using LSD at 5%.  
CV – Coefficient of variations 
ns – not significant   * - significant at 5% level **- significant at 1% level  
 

ISOLATE 
GRAM 

REACTION 
        MORPHOLOGICAL CHARACTERISTIC 

Sugarcane     
SR1 + White, punctiform, raised colonies with entire margin 
SR2 - White, large circular, flat colonies with entire margin 

SR3 + Off-white, circular, flat colonies with entire margin 
SR4 + White, punctiform, raised colonies with entire margin 
SR5 - White, irregular, raised colonies with undulate margin 

Lily Bulb     
LB1 + Cream, filamentous, convex colonies with filiform margin 

LB2 - White, circular, flat colonies with entire margin 

LB3 + Off-white, punctiform, convex colonies with entire margin 

LB4 - White, circular, flat colonies with entire margin 

LB5 + White, irregular, convex colonies with undulate margin 
Lily Root     

LR1 + Off-white, circular, convex colonies with entire margin 

LR2 - White, circular, flat colonies with entire margin 

LR3 + White, irregular, flat colonies with undulate margin 

LR4 + White, filamentous, convex colonies with filamentous 

LR5 + White, irregular, flat colonies with entire margin 

TREATMENT 

PLANT HEIGHT (cm) 

7 DAE 14 DAE 21 DAE 28 DAE 

ns ** * * 

Control 14.33 28.40 c 34.03 b 35.37 b 

LR1 16.47 34.90 a 37.23 ab 39.33 ab 

LR3 15.27 34.40 a 40.93 a 42.33 a 

LR5 13.87 34.37 a 42.47 a 44.50 a 

SR5 15.13 30.43 b 38.77 ab 43.00 a 

SR4 16.77 34.37 a 39.30 a 42.50 a 

LB1 14.37 33.70 ab 37.43 ab 40.67 a 

CV (%) 8.63 5.61 7.00 6.64 
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Table 4. Shoot, root and total biomass of corn plants at 28 DAE as affected by the 
bacterial isolates 

Means followed by the same letter in a column are not significantly different using LSD at 5%.  
         CV – Coefficient of variations 

** - significant at 1% level  

TREATMENT 

BIOMASS (g) 

Shoot Root Total 

** ** ** 

Control 1.23 c 0.50 b 1.74 d 

LR1 1.53 bc 1.03 a 2.57 b 

LR3 1.57 b 0.53 b 2.10 c 

LR5 1.53 bc 0. 50 b 2.03 c 

SC5 1.27 bc 0.47 b 1.73 d 

SC4 1.53 bc 0.87 a 2.40 b 

LB1 2.23 a 0.97 a 3.20 a 

CV (%) 10.99 14.98 10.42 

total biomass, corn plants inoculated with 
LB1 produced the heaviest with 3.20g that 
was significantly different from LR1 (2.57g) 
and SC4 (2.40g) that gave an increase over 
the control by 83.90%, 47.70% and 37.93%, 
respectively. Dey et al (2004) and Gray and 
Smith (2005) reported that rhizobacteria 
produce indole acetic acid, which is needed 
in root initiation, cell division, cell 
enlargement, and root surface area 
expansion, as well as, the consequent 
access to soil nutrients via enhanced root 
formation. Poonguzhali et al (2008) reported 
that the PGPR from the rhizosphere of 
Brassica campestris can produce 6.02–29.75 
μg/ml of IAA. The variations in the ability of 
PGPR to produce IAA among plant growth-
promoting bacteria were also reported earlier 
(Mansour et al, 1994; Zahir et al, 2000).The 
variations were due to the following:  
countless biosynthetic pathways; location of 
the genes involved; regulatory sequences; 
and the presence of enzymes to convert 
active free IAA into segmented forms, which 
are beneficial to the host plants (Patten and 
Glick, 1996). 

Biochemical Characterization 

 Results of biochemical tests are 
presented in Table 5. They confirmed that 
the three promising bacterial isolates were 
gram positive.  Their colony colors ranged 
from creamy white to dirty white. Nitrate 
reduction test was positive in all of the three 
isolates. This means that these bacteria are 
able to perform nitrification on nitrate and 
nitrite to produce molecular nitrogen. 
Reduction of either nitrate or nitrite provides 
energy for the growth of the bacteria in the 
absence of oxygen, with nitrate reduction to 
nitrite via nitrate reductase contributing more 
significantly to proton motive force (energy 
production), than nitrite reduction (Berks et 
al, 1995; Zumft, 1997).  

Meanwhile, urease test showed 
negative reaction, which indicates that the 
bacteria cannot degrade urea via the enzyme 
urease.  

Moreover, the citrate utilization test 
showed a positive reaction, which indicates 
that the bacteria can utilize citrate as their 

Plant Growth Promoting Rhizobacteria   DS Bucao & DRM De Leon 
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sole carbon source. They use the enzyme 
citrase or citrate-permease to transport the 
citrate into the cell. These bacteria also 
convert the ammonium dihydrogen 
phosphate to ammonia and ammonium 
hydroxide, which creates an alkaline 
environment in the medium.  

The three bacteria showed a positive 
reaction to the catalase test, which manifests 
that the bacteria are either aerobic or 
facultative anaerobes and could convert 
hydrogen peroxide into water and oxygen. 
Further, the starch hydrolysis test showed a 
positive reaction to the three bacteria, which 

means that the bacteria can produce certain 
exoenzymes, including a-amylase and oligo-
1,6-glucosidase to degrade the starch into 
subunits for the organisms  to utilize.  On the 
other hand, sucrose and galactose tests 
showed negative reaction by the bacteria. 
However, Manitol tests showed positive 
reaction indicating that the bacteria are 
motile and can be used in the fermentation 
process. The positive reaction of the bacteria 
to xylose test indicates that they belong to 
the genus Bacillus (Sharma et al, 2013). 
Only isolate LB1 showed positive reaction to 
lactose, cellobiose, and fructose tests. 
Isolate LB1 can breakdown the cellobiose,  

Table 5. Biochemical characteristics of the three promising plant-growth promoting 
bacteria 

BIOCHEMICAL  
CHARACTERIZATION 

BACTERIAL ISOLATE 

LR1 SR4 LB1 

Gram staining + + + 

Colony color Creamy white Creamy white Dirty white 

Nitrate reduction + + + 

Urease + + + 

Citrate utilization + + + 

Catalase + + + 

Acid processed from       

Sucrose - - - 

Galactose - - - 

Mannitol + + + 

Xylose + + + 

Lactose - - + 

Glucose + + + 

Mannose + + + 

Cellociose - - + 

Fructose - - + 

Maltose + + + 

Trehalose + + + 

Identification Bacillus subtiltis Bacillus  subtiltis Paenibacillus polymyxa 
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which is characterized by a disaccharide 
derived from the condensation of two 
glucose molecules linked in a bond. Based 
on the tests conducted, the promising 
isolates of LR1 and SR4 are Bacillus subtilis, 
as well as LB1, which is Paenibacillus 
polymyxa.  

Reports revealed that Bacillus 
species showed yield increase in rice (Sudha 
et al, 1999), barley (Çakmakçı et al, 2001; 
Fahin et al, 2004), wheat (de Freitas, 2000; 
Çakmakçı et al, 2007), maize (Pal, 1998), 
sugar beet (Çakmakçı et al, 1999), and 
sugarcane (Sundara et al, 2002). Similarly, 
Bacillus strains increased the total bacteria 
and the PSB population, and/or root and 
shoot dry weight, as well as the total N and P 
uptake by plants (Canbolat et al, 2006). Plant 
growth responses were variable and 
dependent upon the inoculant strain, soil 
organic matter content, growing stage, 
harvest date, and growth parameters 
evaluated (Çakmakçı et al, 2006).  

On the contrary, Paenibacillus 
polymyxa has a range of reported properties, 
including nitrogen fixation (Coelho et al, 
2003; Çakmakçı et al, 2006), phosphorus 
solubilization (de Freitas et al, 1997), 
antibiotic production (Rosado and Seldin, 
1993), cytokinin production (Timmusk et al, 
1999), and increased root and shoot growth 
(Sudha et al, 1999).  

Conclusion and Recommendation  

The study successfully isolated, 
characterized, and evaluated the growth-
promoting activity of bacterial isolates from 
the rhizospheres of sugarcane and wild lily. 
Among the six gram-positive bacterial 
isolates evaluated on the early growth stages 
of corn, LR1, SR4, and LB1 showed positive 
effects as revealed by the increased height 
(from 11.2-25.81%) of the inoculated plants 
at 28 DAE over the control.  In addition, they 
increased the total biomass over the control 
by 37.93%, 47.70%, and 83.90%, 
respectively. Biochemical tests revealed that 

LR1 and SC4 are Bacillus subtilis and LB1 is 
Paenibacillus polymyxa; all of which are 
reported to have plant growth-promoting 
activity. However, molecular characterization 
should be done to confirm the identification 
of the promising bacterial isolates before 
they could be packaged as biofertilizers and 
be used in support to the organic agriculture 
program of the Department of Agriculture.   
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Abstract 

 

Water balance and hydrological processes under changing climate, 
land-use, and land cover at various scales (temporal and spatial) were 
investigated upon at the Quiaoit River Watershed (QRW) in Ilocos Norte, 
Philippines. Dependable groundwater and surface water supply vis-a-vis 
water demand for agricultural, domestic, environmental, and commercial 
purposes were assessed and examined. Data sets were gathered using-
field based monitoring at the point, reach, and catchment scales. 

 
Results indicate that water demand for all uses within the QRW is 

138,865m3/day, which is around 42% of the estimated Total Resource 
Capacity of 336,100.8m3/day. This implies that water supply is presently 
adequate to meet existing agricultural (172,065.1m3/day) and domestic 
(10,370.4m3/day) needs. Nonetheless, supply is coming under pressure 
from changing land-use and urban development. In addition, land cover 
has changed drastically in the QRW, which imposes a negative impact on 
its water resources. The built-up area has almost doubled (391.24 to 
743.69ha) in seven years. As such, the area of inland water decreased 
from 257.95ha to 33.50ha due to the increasing extraction of water for 
agricultural use. 
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Introduction 

Inherent in the growth of a community 
are the disturbing issues of its water 
resources. The peculiarity is derived from a 
combination of factors; among them is the 
interaction of sustained increase of 
population and activities with water and land 
over limited space. The increase in 
population per unit area necessitates a 
proportionate increase in water demands 
from agricultural, environmental, industrial, 
and domestic purposes. With limited water 
resources among competing users, the trend 
of development has been reoriented to 
protect the economic, social, and 
environmental needs for future generations 
and to provide secure and equitable access 
to water for all users. 

Population pressure and continuous 
denudation of the watersheds exacerbated 
the declining water resources availability of 
a locality. In fact, water resources are the 
most important condition for agricultural 
development heading to economic 
development and progress of a society. This 
necessitates an efficient planning and 
management of the watershed in a locality 
to maintain a reliable and adequate water 
supply. There is an increasing awareness 
that water resources exist in limited 
quantities, and available supply varies 
considerably in a year. Hence, the 
management process of water resources 
must prevent and resolve conflicts among 
different users (Lilburne et al, 1998; Salman 
et al, 2001). 

Demand pressure on the existing 
vital water resources from agriculture, 
domestic, environment, and industry is 
anticipated to rise progressively and soar up 
dramatically in the next decade. With the 
increased water requirements for social and 
economic activities, possible water shortage 
which has already been experienced by 
other localities elsewhere, may pose serious 
threats. 

The Quiaoit River Watershed (QRW) 
is a sample case, because it is the major 
source of domestic water supply and 
irrigation for thousands of Ilocanos in the City 
of Batac and the towns of Paoay and 
Currimao. While water resources in the QRW 
maybe considerable, they are not infinite. To 
know the reliable and dependable water, it is 
indispensable to determine the water 
balance of the QRW vis-a-vis the number of 
its users.  

Due to the constraints of available 
information, the study assessed the extent of 
water supply availability in the QWR, Batac 
City, Ilocos Norte, as well as its capability 
and sustainability in coping with future water 
demands. Likewise, it looked into empirical 
data as bases for developing a transparent 
process that will serve as anchor in 
formulating effective and efficient water 
resources management policies. Specifically, 
the research quantified water supply and 
water demand/requirements in the 
agricultural, domestic, environmental, and 
commercial sectors of the QRW. Through the 
findings, policy makers would have a basis in 
evaluating responses to potential shortfalls of 
water supply in the future. 

Methodology 

Locale and Description of the Study Area 

The QRW has a total land area of 
190.18km2 covering the City of Batac and the 
municipalities of Paoay and Currimao, Ilocos 
Norte (Figure 1). About 70% of the total 
watershed area is located within the city 
itself.  It is located in the northwest corner of 
the island of Luzon, about 11km (6.8mi) from 
the eastern shores of the South China Sea. It 
summits as high as 520m above sea level. 
The watershed falls within latitude 17° 07’ 
north and longitude 120° 32’ to 120° 28’ east. 
The area is about 18km to Laoag City, the 
province capital; 225km to the regional 
center (San Fernando, La Union), and about 
472km to Metro Manila. 

http://en.wikipedia.org/wiki/South_China_Sea
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 The climate is Type I, with two 
pronounced seasons - dry (from Nov to Apr) 
and wet (during the rest of the year). The 
average annual rainfall is 2550mm (100.39 
inches). Great seasonal temperature ranges 
befall the area. The highest temperature is 
recorded in Apr and May with an average of 
as high as 34.1oC. The area is exposed to 
southeast monsoon and cyclonic storms. 
Frequently, 30% of the weather 
disturbances, which hit the Philippines every 
year, dash across the project area. However, 
it is shielded from the northeast and trade 
winds by the mountain ranges of the 
Cordilleras. The average relative humidity of 
the area is 78.4%. Climatological data were 
obtained from the MMSU Agromet Station 
and from PAGASA-Laoag Station. 

At present, the pattern of cultivation is 
closely related to the slope or landform. The 
level lowland areas are intensively cultivated 

and planted to rice during the wet season. 
During the dry season, corn, tobacco, and 
vegetables are planted. On the upland and 
hilly areas, agricultural activities are also 
common along the river, tapping its water for 
irrigation especially during the dry season. 
Most of the commercial activities are 
concentrated in the central and western parts 
of the watershed. 

Demographic Characteristics 

Demographic attributes of the study 
area such as population size, growth rate, 
number of households, as well as the age 
and sex structure, educational attainment, 
income, sources of income, etc. of the 
resident-respondents were gathered. The 
descriptive method of research was used. 
Structured questionnaires were primarily 
used to gather needed demographic data. 
Meanwhile, supplemental information was 
gathered from secondary data and through 
interviews.    

Water Resources Inventory and Estimation 
of Water Supply 

Water supply is the amount of water 
available for use from the discharge of 
surface water and groundwater sources. 
Series of water resource assessments in the 
study area were conducted to estimate water 
supply availability.  

A. Surface Water 

Streamflow data sets were gathered 
from the network of automatic stream 
gauging stations that were installed for this 
study. The class interval method was 
followed in constructing the flow duration 
curves for monthly and seasonal streamflow 
data. The 80%-time availability of flow was 
taken as the dependable proportion for 
agricultural and domestic purposes. 

Further, a survey of all currently 
available reservoirs and water impounding 
structures in the area was done. Their 

Fig.1. Quiaoit river watershed boundary 
showing the administrative boundaries 
covered and its relative location in the 
province of Ilocos Norte 

Hydrological Capacity of QRW VJP Manzano Jr and NR Alibuyog 
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capacity and other technical characteristics 
were recorded. 

B. Groundwater Supply 

Groundwater characteristics such as 
Transmissivity (T), Hydraulic Coefficient (K), 
and Storage Coefficient (Sc), which served 
as basis for the ability of groundwater to 
meet the required current and projected 
water demand were determined using 
pumping tests. 

Likewise, the safe water yield and 
approximate volume of water withdrawal 
from groundwater resource were estimated 
from actual aquifer testing. Existing shallow 
and deep wells in the study area were 
randomly selected as the test wells. 
Meanwhile, additional groundwater 
information was obtained from the Shallow 
Tubewell (STW) Irrigation Project – 
Department of Agriculture-University of the 
Philippines Los Baños. 

Hydrological Capacity of QRW VJP Manzano Jr and NR Alibuyog 

Fig. 2. Climate of the Quiaoit River Watershed  

Recharge Estimation 

The watertable fluctuation method 
(Healy and Cook, 2002; Risser et al, 2005) 
was used to estimate the recharge. This 
method was based on the premise that the 
rise in groundwater levels in unconfined 
aquifers was due to the recharging water at 
the water table. Recharge was calculated 
using the formula:  

    

Where:  R = recharge rate, 
 Sy = specific yield, 
   dh = change in water level,  and 
    dt = change in time. 

 

Groundwater fluctuations were 
monitored twice a month in each of the 
established observation wells. 

t

hh
S

dt

dh
SR yy
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Estimation of Current and Future Demand 

This activity involved estimating the 
current and projected water demand for 
domestic and agricultural purposes in the 
study area.  

Domestic water demand  

Population data (10-15 years record), 
per capita consumption, levels of economic 
productivity, and the like were gathered from 
the Socio-Economic Profile filed at the City 
Engineering and Planning Office of Batac 
City. Additional data sets were gathered 
through interviews and questionnaires.  

On the other hand, domestic water 
demand was determined through this 
formula: 

Domestic Water Demand (lpd) = per capita 
consumption X population 

Projection of future population 
estimates was computed using a) Short 
Term Estimate (Geometric Growth Method) 
and b) Long Term Forecasting (Mathematical 
Logistic Curve Method). 

Different scenarios of water demand 
were formulated to analyze the 
corresponding effects of each scenario on 
water supply availability in the future. 

Agricultural Water Demand (including 
Livestock and Poultry)  

Crop water requirements.  Monthly water 
requirements of the crops in the area were 
determined using a simple formula. The crop 
area is multiplied by the reference 
evapotranspiration (ET), with an additional 
multiplicative crop coefficient (Kc), indicating 
plant requirements relative to ET. Rainfall 
was then accounted for by estimating the 

share of average precipitation that is likely to 
contribute to crop needs. The net 
requirement was corrected according to soil 
permeability (some water is lost by 
percolation), as well as via an efficiency 
coefficient that considers the plot irrigation, 
which is conducive to some water loss at the 
drainage end (http://www.fao.org/docrep/
s2022e/s2022e07.htm). 

Evapotranspiration (ET). Actual water 
consumption (evapotranspiration) of crops 
planted in the QRW was estimated using the 
Fao-Penman Monteith equation. It was 
adapted from the FAO Irrigation and 
Drainage Paper No. 56.  

Influencing factors that determined 
the amount of evapotranspiration include the 
climatic factors (air temperature, humidity, 
radiation, cloud cover, and wind) and the 
nature of the plants together with their growth 
stages. Influence of the amount of moisture 
in the soil at the time (soil moisture tension) 
was also considered. On the other hand, the 
major factors that estimated the irrigation 
water requirements are as follows: 1) 
evapotranspiration; 2) crop growth stages; 3) 
water available within the root zone of the 
soil; and 4) soil drainage and water lost 
through seepage and deep percolation.  

Inventory of livestock and poultry 
farms. Actual survey and inventory of 
livestock and poultry farms were done. The 
point location of these establishments were 
noted using GPS.  

Mapping 

The GIS programs, such as ArcInfo 
and ArcView, were used to generate needed 
maps to show the location, boundaries, and 
water users of the study area. 
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Results and Discussion 

Water Supply 

The water sources are surface and 
groundwater. Surface water in the study area 
is extracted for irrigation and other purposes 
using pumping systems. The latter is readily 
being tapped through shallow tubewells and 
is the major source of irrigation and other 
purposes during low flows of surface water, 
normally during the dry season. All in all, the 
QRW has around 2000 shallow tubewells, 
two Small Water Impounding Projects 
(SWIPs), and several watercourse extraction 
points.   

The usable supply of ground and 
surface water is the proportion of water 
suitable for a particular purpose, which can 
be efficiently. This should be available over a 
long period and its withdrawal should be 
ecologically acceptable (Schiller, 1992; 
Evans and Evans, 2011). The daily available 
water supply is shown in Table 1. Usable 
water progressively dropped as the dry 
season advances following the lowering of 
the magnitude of rainfall, which is already 
very minimal in the second month (Nov) of 
the dry season. This decrease in usable 
water supply is compounded by higher 
evapotranspiration. Groundwater and surface 
water supplies begin to be replenished at the 
onset of wet season (normally in late May) 
and reach a peak corresponding to the 
highest magnitude of rainfall. 

The volume of groundwater that can 
be safely withdrawn across seasons is 

259,292.40m3/day. On the other hand, the 
daily available surface water supply amounts 
to 59,303.63m3/day and 17,504.81m3/day for 
the wet and dry season, respectively. Given 
these flow rates, it is not surprising that it 
easily runs dry during the dry season. 

The total amount was estimated to be 
336,100.84m3/day. Logically, if the quantity 
of water taken from QRW exceeds the 
usable supply, the river will die off and will 
run dry eventually. 

Estimated Groundwater Recharge                    
and Safe Yield 

Groundwater recharge in the QRW is 
due almost exclusively to aerial recharge 
from precipitation and its magnitude is 
controlled by groundwater evapo-
transpiration. As shown in Table 2, 
calculated groundwater recharge was 
529,381.95m3/day corresponding to 51.81% 
of the annual rainfall.  

On the other hand, nothing can be 
said about the long-time record of the annual 
change in water table level and annual draft 
in the study area for safe yield computation. 
This reflects one limitation of the study. 
Nonetheless, based on the generally-valid 
criteria  that water withdrawal should not 
exceed the natural recharge amounts, the 
safe yield was taken as 60% of the long-term 
natural groundwater recharge (volume 
basis). Additionally, the safe yield percentage 
was based on the groundwater resources 
studies by Burgh (1975) and Pastor (1998), 
who suggested that at least 67% of the 

SOURCE   
ESTIMATED AMOUNT (m3/day) 

TOTAL   Wet Season Dry Season 

Surface water 59,303.63 17,504.81 76,808.44 

Groundwater (Safe Yield) 143,632.20 115,660 259,292.40 
TOTAL 202,935.83 133,165.01 336,100.84 

Table 1.  Usable supply of surface and groundwater 

Hydrological Capacity of QRW VJP Manzano Jr and NR Alibuyog 
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potential recharge amount is the 
recommended limit to be extracted to avoid 
undesirable effects like groundwater ‘mining’. 
Furthermore, the assumption of safe yield 
was implied by its definition: Safe yield is the 
amount of naturally-occurring groundwater 
that can be withdrawn from an aquifer on a 
sustained basis, economically and legally, 
without impairing the native groundwater 
quality or creating undesirable effect such as 
environmental damage (Fetter, 1994). With 
this, computed safe yield was 317,629.17 
m3/day. 

If the water discharge is higher than 
its recharge, it would lead to water table 

Hydrological Capacity of QRW VJP Manzano Jr and NR Alibuyog 

drawdown and subsequent water extraction 
from the lower aquifer, which may deteriorate 
the water quality. 

Water Demand: Domestic and Agricultural 

The map of major water users in the 
QRW is shown in Figure 3. The biggest 
chunk of water demand was tied up with 
agriculture. On the other hand, a 
considerable portion was attributed to 
domestic demand, while commercial 
establishments imposed a negligible 
demand. 

Table 2.  Estimated recharge rate and volume, and safe yield in the QRW 

 

LOCATION 
RECHARGE 
AREA (ha) 

RECHARGE (Based on Water Balance) 
SAFE YIELD 

(m3/day) Rate (%) Volume (m3/day) 

QRW 18,229.75 51.81 529,381.95 317,629.17 

Fig.3. Map of major water users in the QRW 
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Domestic Water Use 

Domestic water was used primarily 
for drinking, cooking, washing, bathing, and 
doing other household chores.  It is a basic 
need required in the QRW. The present 
domestic demand, as shown in Table 3, was 
found to be 10,370.36m3/day based on an 
average per capita daily consumption of 
145L. It was observed that the average daily 
requirement per person was influenced by 
his/her standard of living, consumption 
habits, and water availability, which means 
that consumption levels varied widely.  

The expected increase in population 
per unit area proportionately increases with 
domestic water demand.  In 2025, the 
projected water demand was 13,637.16m3/
day. 

Agricultural Water Use 

Ganotisi and Cruz (1996) stressed 
that water is important to agricultural 
production. Water availability in the farms 
can spell the difference between desolation 

and hope. The QRW streamflow (70%) and 
groundwater (80%) have been predominantly 
used for agricultural purposes. Due to large 
upstream diversions for agriculture and the 
absence of policies to protect in-stream 
flows, QRW flows are routinely low by 
midsummer. At that time, groundwater is 
tapped via shallow tubewells. As reflected in 
Table 4, water for agricultural use is 
172,065.10m3/day. Assuming a 50% 
increase in an area planted with crops and 
used for raising animals, agricultural demand 
would become 258,097.7m3/day. 

Crop Water Requirements and Irrigation 

The total water requirement is 
distributed unevenly across the study area 
with irrigated crops distributed based on 
access to good quality water, topography, 
micro-climate, land ownership, and zoning. In 
addition, different crop types require different 
amounts of water. Likewise, water 
requirement occurs unevenly across the 
year, with peak requirements for most crops 
occurring during the summer months, 
generally coinciding with low rainfall.  This 

Table 4. The existing and projected agricultural water demand from the study area 

Table 3. The existing and projected domestic water demands from the QRW 

USER 
PRESENT 
DEMAND 
(m3/day) 

PROJECTED INCREASE IN WATER DEMAND (m3/day) 

10% 20% 30% 40% 50% 

Agricultural 
(crops and 
animals) 

172,065.1 189,271.7 206,478.2 223,684.7 240,891.2 258,097.7 
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temporal variation in water extraction for 
irrigation can create problems even if the 
annual requirement may be within the annual 
capacity of the resource.  One of which is 
excessive short-term drawdown in 
groundwater systems due to the 
concentration of extraction within a short time 
frame. Moreover, drawdown is greatly 
influenced by aquifers with low 
transmissivity. Generally, when the discharge 
rate is higher  than the recharge rate, it 
would lead to water table drawdown; 
eventually, further extraction of water from 
lower aquifer may deteriorate the water 
quality.  

CROP 
CROP  WATER DEMAND 

m3/season m3/day 

Rice 4,352,184.00                43,521.84 
Corn (white)        2,494,213.45              33,256.18 
Corn (hybrid) 4,035,038.74  47,471.04 
Tomato    915,296.60      12,203.95 
Garlic 266,640.00                     3,555.20 
Onion  160,703.20   2,142.71 

Eggplant        1,025,032.80 6,833.55 
Ampalaya 254,368.80 3,391.58 

Pepper (F/B) 1,063,666.65  11,818.52 
Mungbean 90,619.20                     1,208.26 

String beans 197,778.72 2,637.05 
Upo              32,978.72 439.72 
Tobacco 130,012.81  1,733.50 
Cotton          6,071.10 80.95 
Sorghum 38,167.00                 508.89 
Squash              39,361.70 524.82 
Patola              10,638.30 141.84 
Water melon 5,344.15 71.26 
Sweet potato              18,270.00 243.60 
Peanut              10,231.20 136.42 

TOTAL 1,5146,617.14 171,920.89 

As shown in Table 5, rice (25.31%) 
and corn (19.34%) had the biggest water 
demand. Water on rice farms within the 
QRW has been used to meet several 
essential requirements. The most important 
of these include the following: a) preparing 
the land for crop establishment; b) meeting 
the evapotranspirational demand of the 
atmosphere on the crop yield; and c) 
maintaining adequate moisture in the soil 
and around the roots to allow uptake of soil 
nutrients. 

Meanwhile, even with the advent of 
modern irrigation technologies, most farmers 

Table 5.  Crop water demand from the QRW 
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are still using the traditional methods of 
irrigation from the QRW. Generally, water is 
pumped from the river or shallow tubewell 
and delivered to the field through a series of 
PVC pipes. Irrigation time is based on “just 
enough” principle. In the context of 
potentially-decreasing availability of water 
resources and deteriorating water quality, a 
sustainable irrigation scheme is needed.  

Water Requirements of Poultry, Swine, 
Livestock and other Farm Animals 

The water requirements of poultry, 
swine, livestock and other farm animals are 
shown in Table 6.  The estimated total daily 
water requirement is 144.25m3/day. 

Dependable Water Supply vs Domestic 
and Agricultural Water Demand 

 Table 7 reveals that dependable and                 

conjunctive water supply (336,100.84m3/day)  

was adequate to meet the rather low demand 
(182,435.5m3/day).  A significant portion of 

Table 6. Water requirements of poultry, 
swine, livestock and other farm 
animals from the QRW 

TYPE OF USE POPULA-
TION 

AVERAGE 
USE 

(m3/day) 

Broiler 151,034 52.86 

Native chicken 1500 0.53 

Fighting cocks 300 0.11 

Turkey 100 0.06 

Swine/Piggery 1500 30.00 

Cow 300 34.50 

Goats 100 0.80 

Sheep 300 2.40 

Carabao 200 23.00 

TOTAL   144.25 

this water was tied up in agriculture with a 
daily demand of 172,065.1m3/day. Moreover, 
present drinking water supply did not pose 
any major problems. Assuming that a 50% 
increase in agricultural production will occur 
in 2025, the projected water demand will 
amount to 271,734.9m3/day, which is still 
lower than the dependable and conjunctive 
water supply. Groundwater resources are 
adequate and require only simple 
disinfection. However, dependable water 
from the QRW is a scarce commodity during 
the dry season, which may create pressure 
in the future from the two major competing 
users-agricultural and domestic.   

During the dry season, rational water 
allocation and the balance between supply 
and demand is needed. All reasonable water 
demands should be met as far as possible. 

Conclusions and Recommendations 

Water demand for all uses within the 
QRW is 138,865m3/day which, is around 
42% of the estimated Total Resource 
Capacity of 336,100.8m3/day. This implies 
that water supply is presently adequate to 
meet agricultural (172,065.1m3/day) and 
domestic (10,370.4m3/day) needs. 
Nevertheless, supply is coming under 
pressure from changing land-use and urban 
development. Land cover has changed 
drastically in the QRW, which imposes a 
negative impact on its water resources. 
Moreover, there is a glaring decrease in the 
area of inland water from 257.95ha, to 
33.50ha which was attributed to the 
increasing water extraction for agricultural 
uses.  

Water resources management then is 
becoming more important at the QRW as the 
demand for water increases. Based on the 
result of the study, crafting of sustainability 
policies must be prepared to facilitate the 
realization of parallel development plans and 
programs. It is envisaged that these policies 
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would significantly improve and maintain 
reliable and adequate water supply for the 
future.  
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Abstract 

 

This inquiry produced cost efficient protocols of 95% fuel-grade 
hydrous bioethanol sweet sorghum syrup and evaluated the physico-
chemical properties and mechanical performance of biofuels from various 
hydrous gasohol blends. Consequently, it improved the efficiency of 
previous processes, including that of reducing the yeast activation period 
from 4-6hr to 1hr and improved the sugar conversion efficiency of ethanol 
from 70-76% to as high as high as 85%. 

 Specifically, fuel grade hydrous azeotrope ethanol was produced 
from various feedstock sources such as sugar cane jaggery and sweet 
sorghum syrup using Saccharomyces cerevisiae for fermentation and reflux 
distillation system to purify the ethanol. The formulated hydrous gasohol 
blend, which is the MMSU hBE-20 (consisting of 20% azeotrophic 
bioethanol and 80% anhydrous E-10 gasoline) was tested to run a 
stationary 4-stroke engine.  At loads of 4, 6, and 8kg, MMSU hBE-20 was as 
efficient as the commercial XCS E-10. Gasohol blends containing hydrous 
ethanol up to 40% generally showed comparable performance with MMSU 
hBE-20 and XCS E10 in terms of physical, chemical, and mechanical 
properties. Higher blends (50-90% hydrous ethanol) can still run the 
stationary 4-stroke test engine without discernible mechanical problems but 
with slightly reduced performance and efficiency. Expanded mixtures of the 
gasohol blends that were as high as 90% hydrous ethanol; 20% XCS E-10 
showed no phase separation at room temperature.   

As such, producing MMSU 95-hBE at the village level can be highly 
profitable whether marketed for fuel or for bioethanol-based consumer 
products.  
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Introduction 

Results of experiments previously 
conducted informed the framework of this 
research. Since 2009, integrated studies 
including: a) fermentation of sugar cane 
juice, sweet sorghum jiggery, and molasses; 
b) reflux distillation using fermented 
hydrolysates from different feedstocks to 
produce the Mariano Marcos State University 
hydrous bio-ethanol (MMSU 95-hBE);  and  
c) formulation,  characterization, and testing 
of hydrous gasohol blends using MMSU 95-
hBE and Petron XCS-10 have been 
conducted. In these subsequent studies, 
fermentation conditions have been optimized 
for more cost effective and efficient 
processes. New biofuel formulations have 
also been developed, characterized, and 
tested. 

Previous fermentation experiments 
(Agrupis, et al, 2009) used ordinary baker’s 
yeast that was activated under aerobic 
conditions for 4-6hr before pitching into 
separate anaerobic fermentation vessels 
containing four different first generation 
feedstocks (sugarcane molasses, sweet 
sorghum syrup and jaggery, and Ilocos basi 
from sugarcane).  Those processes yielded 
71-76 % ethanol conversion efficiency in 18-
24hr, giving ethanol yields of 12-14% (v/v), 
which is close to the maximum ethanol 
tolerable limit (15%v/v) of yeast.  

In purifying ethanol, reflux distillation 
processes were developed using different 
column packing materials that gave 95-100% 
ethanol recovery with 90-95% ethanol purity. 
Ethanol collected with less than 95% purity 
was redistilled to attain azeotrope hydrous 
ethanol purity. Initial tests on the chemical, 
physical, and mechanical properties of the 
hydrous ethanol and resulting gasohol 
biofuel formulations showed high potential of 
the azeotropic product. The hydrous ethanol 
was named MMSU 95-hBE, while the blend 
of 20% Ethanol and 80% XCS-10 gasohol 
biofuel was labelled as MMSU hBE-20. 

In an attempt to comply with the 
Philippine National Standards (PNS) as 
prescribed in the Biofuels Act of 2006, 
several trials were done to produce 
anhydrous ethanol at 99.6% purity.  
Specifically, benzene was used to create a 
ternary azeotrope that can be distilled off to 
leave pure ethanol. Calcium oxide and 
Zeolite were also tried as desiccants to 
remove water from the hydrous ethanol. 
Purity that was obtained was at most 96-
97%.  

Further dehydration of 95% azeotrope 
ethanol unnecessarily increases the cost of 
producing gasohol. If hydrous ethanol can 
substitute for anhydrous in biofuel 
formulations, a substantial saving can be 
achieved while alleviating the negative 
environmental impact of further removing the 
last 5% of water from the azeotrope. This 
realization formulated the MMSU 95-hBE as 
oxygenate for gasoline and successfully 
tested to run farm and fishery engine-driven 
implement, generators, and motor vehicles. 

Sweet sorghum was chosen for this 
study as feedstock over other first generation 
feedstock since it is a national priority biofuel 
crop that is grown experimentally in multiple 
sites in the country, with MMSU as lead 
institution.  

In order to develop village-adaptable 
and adoptable technologies for village-level 
bioethanol industry, the study produced, 
characterized, and tested the hydrous 
ethanol fuels using sweet sorghum syrup as 
feedstock.  

Specifically, it a) optimized 
fermentation and distillation protocols under 
laboratory and scaled up conditions;            
b) expanded and characterized gasohol 
blend formulations using MMSU 95-hBE; and  
c) evaluated the economic profitability of 
producing hydrous bioethanol for biofuel at 
the village level.  

MMSU Hydrous Bioethanol Potential... SC Agrupis, RA Ulep, MCB Birginias 
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Methodology 

Fermentation Efficiency of 
at Different Activation Periods 

  Results of concept experiments 
served as anchor in using 4-6hr–activated 
yeast before it was pitched into the 
fermentation vessels containing the sweet 
wort at 30 Brixo (Agrupis, et al, 2013) using 
sweet sorghum syrup adjunct.  ‘Sweet wort’ 
in this experiment is the starting sugar 
solution reconstituted from sweet sorghum 
syrup, while ‘adjunct’ is the fermentable 
sugar. Other terms used in this paper include 
‘fermenting wort’ (sweet wort added with 
yeast), and ‘beer’ (fermented wort). Sugar 
concentration of 30 Brixo was based on the 
works of D'Amore et al (1989). 

The study shortened the activation 
time without negatively affecting the yeast 
fermentation efficiency. Doing so would lead 
to significant process efficiencies; the least of 
which decreased the cycle time from 
fermentation to distillation.  

Four yeast activation periods were 
evaluated: 1, 2, 4, and 16hr. Yeast activation 
refers to the growing of yeast under aerobic 
condition to propagate yeast cells before 
pitching them into the fermenting vessel. 
Activation is essentially done in a smaller 
container. Here, known amount of yeast at 
0.3% concentration based on the 10L 
previously prepared 30 Brixo sweet wort was 
weighed and grown in a 1L volumetric flask 
containing 0.5L sweet wort. The flask 
containing the propagating yeast was 
continuously stirred over a moderately 
heated hot plate at 50oC for 30min. The 
temperature condition  was based on the 
work of Banat, et al (1998).  The flask was 
set to rest at room temperature to correspond 
to the different activation periods before they 
were pitched into the 13L fermentation 
vessel.   

Fermentation Efficiency of  
cerevisiae at Different Sugar 
Concentrations 

Previous experiments used 30-31 
Brixo sweet wort from sugar cane or sweet 
sorghum syrup (Agrupis, et al, 2013). 
However, after fermentation and distillation, 
waste effluent still contained high residual 
sugar. Hence, the present study evaluated 
different sugar concentrations from 15 to 
30% in 13L and 220L fermentation vessel. 
The activation time that registered the 
highest fermentation efficiency as noted in 
the previous section was followed, while 
other fermentation conditions such as hot 
plate temperature and volume of the sweet 
wort were the same as in the previous 
experiment.  Likewise, active dry yeast (Y1) 
performance and its combination with instant 
dry yeast (Y2) were also evaluated. 

Scaled-up Reflux Distillation System 

In the previous experiments, the 
ethanol present in beer with concentrations 
ranging from 13 to 15% v/v was recovered  
at 90-104% efficiency using a 13L capacity 
reflux distiller. The recovery efficiency 
considered the 5-7% water that was retained 
in the 93-95% hydrous ethanol collected from 
the system; hence, efficiency over 100% was 
possible.  

In these subsequent studies, the 
laboratory scale distiller was set to 241L. The 
efficiency was tested at half and full capacity. 
The amount of wood fuel used and the time 
required to finish the process were recorded. 
The efficiency of the distiller with and without 
heat insulator was also evaluated in terms of 
net energy input/output. 

Formulation, Characterization and Testing 
of the MMSU 95-hBE Gasohol Blends  

The ethanol azeotrope (95% ethanol) 
collected and purified from fermentation and 

MMSU Hydrous Bioethanol Potential... SC Agrupis, RA Ulep, MCB Birginias 
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distillation of sweet sorghum syrup was used 
to formulate different gasohol blends. The 
blends contained 20, 30, 40, 50, 60, 70, 80, 
and 90% MMSU 95-hBE combined with XCS 
E10. Pure 95% hydrous ethanol and XCS 
E10 served as controls.  The gasohol blends 
were tested for the different chemical, 
physical, and mechanical tests using a 4-
stroke stationary test engine.  

Chemical, Physical and Mechanical 
Testing Protocols 

 Fermentable sugar was determined 
using a hand-held refractometer (Atago 
Master-M). Specifically, the refractometer 
measures the refractive index and Brix with 
automatic temperature compensation.  
Specific glucose content was determined 
using the DNS method described by Miller 
(1959) with some modifications based on the 
procedure established by Nam Sung Wang 
of the University of Maryland.  

 Physical and mechanical tests of the 
hydrous ethanol blends were adapted from 
ASTM standards like D4052, D445, D 240 for 
density, kinematic viscosity, and heating 
value, respectively. Performance of hydrous 
biofuel blends using a 16HP Briggs and 
Stratton engine on a Test Rig of AMTEC at 
the University of the Philippines-Los Banos, 
Laguna followed the standards set by the 
Philippine Agriculture Engineering Standard 
(PAES 117:2000, Agricultural Machinery - 
Small Engine - Methods of Test). All tests 
were repeated several times for the statistical 

means. Data emanating from the average of 
3-4 trials are reported. 

 
Results and Discussion 

Fermentation Efficiency of S. cerevisiae  
at Different Activation Periods  

Activation period is the time spent to 
allow the yeast to increase in number under 
aerobic condition.  Previous proof of concept 
experiments explored 4-6 hr activation period 
before the yeasts were pitched into the 
fermentation vessel with the sweet wort 
having 71-76% fermentation efficiency. 

Table 1 shows the fermentation 
activity of S. cerevisiae under different 
activation periods. Specifically, a much 
shorter activation period is possible and it 
can result in improved fermentation 
efficiencies at the same time. The results 
suggest that 1-hr activation of the yeast 
before pitching into the fermentation vessel is 
sufficient to achieve 86% fermentation 
efficiencies and excellent alcohol production 
rates. Likewise, the findings strongly show 
the value of time in making the system cost 
effective. Rate of ethanol production was 
1,401mL/hr and yeast deterioration activity 
decreased by half per hour when pitching 
into the fermentation vessel was delayed. A 
2hr-activation period led to 695.98mL/hr and 
decreased by half an hour after. Decreased 
fermentation efficiency after 16hr confirmed 
the utilization of sugar for yeast cell 

Table 1. Fermentation activity of S. cerevisiae under different activation periods 

 
Hydrolysate volume, 10L; Sugar conc, 32%; Theoretical ETOH, 1.632L 

ACTIVATION  
PERIOD (hr) 

FERMENTATION EFFICIENCY  
(%) 

PRODUCTION RATE 
(mL/hr) 

1 85.85 1401.00 

2 85.17 694.99 

4 85.78 349.98 

16 51.47 52.50 

MMSU Hydrous Bioethanol Potential... SC Agrupis, RA Ulep, MCB Birginias 
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production instead of alcohol under aerobic 
condition. 

The sugar feedstock concentration in 
this experiment was adjusted to 30%.  This is 
the amount of sugar that could yield the 
theoretical limit of 15% ethanol, which is also 
the maximum tolerable limit of S. cerevisiae 
in the medium (Alexandre, et al, 1994). 

 Fermentation efficiencies of 51-86%, 
however, suggest a considerable amount of 
unconverted sugar to ethanol. These results 
led to the succeeding series of experiments 
in order to establish the minimum sugar 
concentration that can give the optimum 
ethanol yield. Minimizing sugar wastage has 
the potential to save labor and time in the 
overall process.  

Fermentation Efficiency of S. cerevisiae    
at Different Sugar Concentrations  

 Prior to the conduct of this 
experiment, an evaluation of the different 
sugar concentrations (5, 10, 15, 20, 25, and 
30%) were carried out using a 1L-capacity 
fermentation vessel to determine the 
minimum amount of sugar that could give 
optimum conversion efficiency to ethanol at 
different fermentation periods from 24-96hr. 
Results showed considerable fermentation 

efficiency at 15-30% sugar in 24hr, but not in 
the lower concentrations (5 and 10%). Based 
on these results, the combined efficiency of 
using active (Y1) and instant  (Y2) 
preparations of S. cerevisiae  was further 
tested using 15-30% sugar concentrations 
using a scaled up 13L capacity fermentation 
vessel within a 24hr-observation period 
(Table 2). Ethanol yield and purity leveled up 
with the increasing sugar concentration. The 
findings suggest that sufficiently high 
concentration of sugar is needed for yeast to 
survive longer and to ferment sugar more 
efficiently. The results of this study concur 
with the work of  D'Amore, et al (1989) . 
Furthermore, the combined effect of two-
yeast preparations is more effective than 
using them singly.  

The same yeast combination was 
tested using a scaled up 220L fermentation 
vessels.  As shown in Table 3, fermentation 
efficiency and purity of the ethanol product 
declined due to CO2 suffocation brought 
about by poor aeration in the improvised 
scaled up set up.  Accumulation of CO2 gas 
in the system decreases the pH (pH 3-4) of 
the beer to a level beyond the tolerable limit 
of the fermenting organism. S. cerevisiae 
could survive in a very narrow pH range of 
4.5-5.0 (Yan, et al, 2012). 

Table 2. Fermentation activities of S. cerevisiae  at different concentrations of sugar 
feedstock in a 13L fermentation vessel 

 

      

PARAMETER 

SUGAR CONCENTRATION (%)/ YEAST (Y) 

15 20 30 

Y1 Y1+Y2 Y1 Y1+Y2 Y1 Y1+Y2 

Actual initial sugar, % 15.5 15 20.2 20 30 31 
Ethanol yield, mL 670 650 800 910 1600 1700 
Ethanol yield, % (v/v) 4.9 5.0 6.2 7.0 12.1 13.0 

Ethanol purity, % 86 87 88 89 92 93 

Fermentation efficiency, % 63.80 64.81 60.33 68.63 80.0 85.47 

MMSU Hydrous Bioethanol Potential... SC Agrupis, RA Ulep, MCB Birginias 
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Reflux Distillation Experiments  

A scaled up 241L reflux distiller was 
designed and fabricated based on the 13L 
distiller. Distillation efficiency was 
comparable with the 13L distiller in terms of 
ethanol recovery (90-100%) and ethanol 
purity (90-93%). This suggests the feasibility 
of designing even higher capacity reflux 
distillers for village-scale enterprises to 
accommodate the availability of higher 
quantities of feedstock. The use of insulator 
tremendously improved net energy of the 
system both at half-filled and at full capacity 
levels. 

Formulation, Characterization and Testing 
of Fuel Grade Gasohol Blends  

 Previous proof of concept 
experiments showed the suitability of 
hydrous ethanol in gasohol blends. The 
purity of the 95% hydrous ethanol was 
confirmed by DOST-ITDI via the Report 
Analysis No. ITDI-CHL-2010-0551. The test 
showed that there were no methyl alcohol 
and acetaldehyde in the products. Total 
acids were detected but negligible.   

The first hydrous gasohol blend 
formulated was the MMSU hBE-20. This 
blend contains a 7.5:1 ratio of E-10 and 
MMSU 95hBE.  A series of phase separation 
studies were carried out to test the stability of 

Table 3. Fermentation activities of S. cerevisiae  at different concentrations of sugar  
feedstock in a 220L fermentation vessel 

 

PARAMETER 
              FERMENTATION TRIAL 

1 2 3 

Initial sugar, % 31 30 25.5 
Actual volume of sugar feedstock, L 120 120 220 

Ethanol yield, L 12.72 13.0 19.23 

Ethanol yield, % (v/v) 10.6 10.83 8.74 

Ethanol Purity, % 92 92 91 

Fermentation efficiency, % 67.04 58.98 67.21 

Table 4. Distillation trials using upscale reflux distiller with 241L capacity  

 

PARAMETER 
WITHOUT  

INSULATOR 
WITH  

INSULATOR 
WITH 

INSULATOR 

Volume beer hydrolysate, L 120 120 220 

Fuelwood used, kg 52.4 35 37 
Energy equiv of fuelwood ,MJ
(7MJ/kg wood) 

366 245 259 

Ethanol Yield, L 12.72 13 19.23 
Energy equiv of ethanol, MJ
(21 MJ/L ETOH) 

266.12 273 403.83 

Net energy -99.88 +28 +144.83 
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the fuel under various temperature levels. 
Results of which are shown in Table 5. The 
mixture of MMSU 95-hBE and XCS E10 
consistently passed the phase separation 
test up to 90%. The lack of separation 
persisted in most of the blends even when 
stored in the refrigerator set at 40C overnight. 
Under refrigerated conditions of 4oC, only the 
80 to 90% hydrous blends (hBE-80 and hBE-
90) showed phase separation.  The result is 
in congruent with other published works 
(Korotney, 1995). This means that extremely 
high ethanol blends may pose some 
problems in areas where these low 
temperatures might prevail; however, under 
Philippine conditions, these are unlikely to 
occur. Incidentally, the phase-separation of E
-80 and E-90 disappears even without 
agitation once the formulations were taken 
out of the refrigerator.  

All gasohol blends from E-20 to E-90, 
using hydrous hBE-95 and anhydrous E-10 
at 31oC showed no evidence of phase 
separation under ambient conditions. Hence, 
different gasohol blends were pursued for 
further tests to evaluate their chemical, 
physical, and mechanical properties. Pure 
XCS E10 and pure MMSU 95-hBE served as 
controls.  

 

Table 5. Phase separation results using various blends of hydrous ethanol-gasoline 
under ambient and refrigerated conditions 

 

HYDROUS 
ETHANOL-GASOLINE 

BLEND 

AMBIENT TEMPERATURE 
+31oC  SEPARATION 

REFRIGERATED TEMPERATURE 
+4oC SEPARATION 

E-20 NO NO 

E-40 NO NO 

E-60 NO NO 

E-80 NO YES 

E-90 N0 YES 

Table 6 presents the physical and 
chemical properties of MMSU 95-hBE 
blends. Specifically, the heating value of 
higher blends is lower than that of leaner 
blends. However, the reduction in heating 
value is slight and up to a blend of 50%.  The 
decrease in heating value is less than 1%. 
During actual driving tests using an 
unmodified carburetor-type vehicle 
conducted on the 20% blend, no discernible 
effects on both mileage and performance 
were detected. The same table shows a 
dramatic reduction on the CO2 concentration 
of the exhaust gases demonstrating the 
favorable effect of higher ethanol blends on 
the environment. Reduction of CO2 during 
the combustion of the hydrous ethanol fuel 
blend is due to the increased  fuel octane 
(Karpov, 2007). 

Meanwhile, Table 7 details the 
mechanical properties of the MMSU 95-hBE 
blends. Gasohol blends containing hydrous 
ethanol up to 40% generally showed 
comparable performance with MMSU hBE-
20 and XCS E10. At higher blends (with 40-
90% hydrous ethanol), adjustments of the 
carburetor were necessary. Stationary          
4-stroke test engine fueled by higher ethanol 
blends nonetheless performed without 
discernible mechanical problems although at 
a reduced performance and efficiency.  
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Table 6.  Physical and chemical properties of MMSU 95-hBE blends in comparison                     
with the commercial XCS E-10 

Table 8 shows the mechanical 
properties of MMSU hBE-20 and XCS E10 
when tested using a 6.5HP engine at 
different loads of 6, 7, and 8kg. Just like in 
the previous tests, the performance of 
MMSU hBE-20 was as efficient as the 
Commercial XCS E-10. The same 
observation was obtained when the blend 
was tested on a motor vehicle (Toyota FX) 

Table 7. Mechanical properties of MMSU 95-hBE in comparison with commercial  
XCS E-10 

 

MMSU 95-hBE 
Blends, % 

BRAKE  
HORSEPOWER 

( HP ) @ 8kg 
load 

FUEL  
CONSUMP-

TION     
( L/HR. ) 

BRAKE 
FUEL 
RATE 

( L/HR-HP) 

BRAKE  
THERMAL  

EFFICIENCY 
( %) 

XCS  E-10 3.92 0.480  0.1224 64.76 

20 3.83  0.469 0.1225 64.47 

30 3.84  0.479 0.1247 62.53 

40 3.88  0.563 0.1451 53.17 

50 3.86  0.524 0.1358 53.17 

60 3.82  0.511 0.1338 56.74 

70 3.77  0.589 0.1562 47.98 

80 3.75  0.751 0.2003 37.14 

90 3.78  0.602 0.1593 46.35 

95 3.85  0.677 0.1758 41.48 

and on 4-stroke motorcycles. The same 
performance trials have been repeated ever 
since, which led to the same results.  These 
trials indicate that hydrous ethanol can be 
used as oxygenate and gasohol blends. 
Furthermore, they can be used at much 
higher rate than what the Biofuels Act allows 
to be used as fuel to power motors and 
engines under Philippine conditions.  
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MMSU 95-hBE 

Blends, % 

DENSITY 

(kg/m3) 

  

KINEMATIC 

VISCOSITY 

(mm2/s) 

HEATING  
VALUE 

(Btu/lb) 

CO2                                   

CONCENTRATION 

(mg/L) 

XCS E-10 735.416 0.6787 20,189.087 12.089 

20 738.968 0.7198 20,166.799 11.000 

30 750.480 0.8020 20,104.884 11.274 

40 759.148 0.9048 20,053.544 10.786 

50 765.624 1.0488 20,013.191 9.526 

60 780.152 1.2008 19,931.372 9.328 

70 790.320 1.3665 19,872.022 8.088 

80 799.028 1.5269 19,817.962 9.790 

90 807.108 1.6974 19,769.394 9.030 

95 817.068 1.8358 19,708.003 7.847 
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Table 8. Performance of a 6.5 HP engine at different loads fed with MMSU hBE-20 

 

PERFORMANCE  
PARAMETER 

FUEL TYPE 
ENGINE LOAD (kg) 

4 6 8 

Fuel Consumption, (L/hr) 
MMSU hBE-20 0.588 0.589 0.593 

Commercial E-10 0.577 0.634 0.608 

Brake Horsepower, 
(BHP) 

MMSU hBE-20 2.152 3.216 4.269 

Commercial E-10 2.159 3.209 4.271 

Brake Fuel Rate, (L/
Bhp.hr) 

MMSU hBE-20 0.273 0.183 0.139 

Commercial E-10 0.267 0.198 0.142 

Heat Value, (Btu/lb) 
MMSU hBE-20 20,243.804 20.242.388 20,245.219 

Commercial E-10 20,264.000 20,265.402 20,264.000 

Brake Thermal Efficiency, 
[BTE (5%)] 

MMSU hBE-20 27.784 42.896 56.664 

Commercial E-10 29.550 39.875 55.335 

One negative feedback on using 
hydrous ethanol in gasohol fuel blends was 
the rust formation or corrosion in older 
engines and gasoline compartments. 
Nonetheless, newer vehicles are now 
manufactured with components that are rust-
resistant or rust-proof; hence such feedback 
is addressed. 

 In fact, a theory is proposed to 
respond to rust concerns.  Figure 2 shows 
the chemical structure of a hydrous ethanol 
azeotrope. In this model, water is hydrogen-
bonded to six ethanol molecules. Although 
hydrogen bonds are not chemical in nature, 
they result in one of the most stable and 
strongest physical bonds found in nature. 
This explains why it is not easy to take out 
the remaining water in an ethanol azeotrope 
using ordinary distillation. This structure 
supports the speculation that it is not the 
water in the azeotrope that can cause rust in 
metals. The water in this azeotrope is not 
free to participate in oxidative reactions that 
bring about rust. Standard rust tests have 
been going on to evaluate the rusting effect 
of hydrous gasohol blends under laboratory 
conditions.   

Fig. 2. A proposed chemical structure of the 
distilled ethanol azeotrope showing 
water hydrogen-bonded to six ethanol 
molecules 

Profitability Analysis on the Production 
of Hydrous Ethanol  

 From the very beginning, the 
ultimate goal of production, characterization, 
testing, and evaluation of the MMSU 
hydrous bio-ethanol potential as a Village-
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scale enterprise has been to develop 
technologies that are both adaptable and 
adoptable at the village level. The use of 
improvised bioreactors (plastic water 
containers), monitoring systems (condoms), 
and common strains of yeast (bakery yeasts) 
are examples of technologies meeting the 
basic criteria for a community-based 
technology. Techniques that were deemed 
complicated or expensive were immediately 
dismissed. 

The primary reason behind 
prioritizing technologies for village-scale 
enterprise is its resistance to the vagaries of 
the economic cycle and requires much less 
capital than large-scale bioethanol models. 
The fact that only 25-30% of the ethanol 
requirement of the country can be supplied 
by industry behemoths like the San Carlos 
Biorefinery illustrates the finding difficulty for 
expensive installations. Village-scale model 
costs less than Php 150K to set up, which is 
within the means of an organized group of 
farmers.  The viability of a village-scale 
enterprise resulted in extensive 
consultations with MMSU economists.   

Profitability analysis on the 
production of hydrous bioethanol was based 
on a 241-L scale distiller using 5-gal ordinary 
water dispenser jugs as bioreactors.  Among 
the four feedstocks evaluated in previous 
experiments, sweet sorghum jaggery was 
the least expensive source of feedstock. It 

was cheaper compared with the others and it 
required lesser amounts for each production 
batch. A 241-L distiller has been used at 
MMSU, which utilizes waste bagasses and 
wood scraps as fuel to fire the furnace for the 
distillation process. Cost and return analysis 
and profitability estimates for the production 
of hydrous ethanol are presented in Table 9. 
The analysis is based on a per liter 
production of 95% ethanol from sweet 
sorghum using a 241L-capacity reflux 
distiller, which costs Php50,000. The variable 
cost to produce one liter of hydrous ethanol 
is Php20.00. However, this could vary up to 
Php24 due to fluctuations in the cost of 
energy. The selling price of ethanol per liter 
is Php53.00.  

 Scaling up the production of hydrous 
ethanol to higher-capacity distiller would give 
a cost advantage or economies of scale. The 
feasibility of scaling up a 13L-reflux distiller 
design to a 241L reflux still has been 
validated. As the project expands to higher 
level of production, bulk buying of inputs 
(e.g., feedstock) through long-term contracts 
would further reduce cost. Additionally, the 
specialization or technical skills of the 
workers (i.e., researchers and laborers) 
would increase and lead to higher efficiency 
in the long run.   

Table 9 likewise presents the profit 
derived from hydrous ethanol at four levels of 
production for comparison from a liter to 

Table 9. Profitability analysis of hydrous ethanol production using sweet sorghum                     
as feedstock 

 

PARTICULAR AMOUNT AMOUNT AMOUNT AMOUNT 

Quantity produced (liter) 1 50 100 150 

Sales (Q*P), PhP 53 2650 5300 7950 

Variable Cost, PhP 20 950 1805 2568.75 

Return Above Variable Cost, PhP 33 1700 3495 5381.25 

Fixed Cost, PhP 18.67 18.67 18.67 18.67 

Profit, PhP 14.33 1681.33 3476.33 5362.58 
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150L. A conservative estimate of the reduction 
in variable cost by 5% was used. Considering 
a 100-L production, the profit is Php3,476.33 
or Php34.76 per liter. This is about 92.58% 
higher than the variable cost per liter 
(Php18.05).  If the variable cost increases to 
Php24.00/L, the profit for a 100L production 
will be Php2,881.33 or Php28.81/L, which is 
relatively profitable. 

Conclusions and Recommendations 

Hydrous bioethanol was produced using 
the propriety fermentation and distillation 
techniques developed by the MMSU 
Bioethanol Research Team. Process 
improvements reduced the yeast activation 
period to one hour and improved the 
fermentation efficiency.  

Hydrous ethanol (95% ETOH) 
produced by MMSU was used to formulate 
gasohol mixtures containing  20 to 90% 
hydrous ethanol. The blends were tested for 
the absence of phase separation under 
ambient and refrigerated conditions. 
Chemical, physical, and mechanical 
properties of the different gasohol blends were 
rigorously tested using 4-stroke stationary 
engines. Gasohol blends up to 40% MMSU 95
-hBE performed comparably with XCS E10 
without any carburetor adjustments. At higher 
blends (50-90% hydrous ethanol), 
adjustments of the carburetor were necessary. 
Stationary 4-stroke test engines ran without 
discernible mechanical problems, although 
with slightly reduced performance and 
efficiency. Performance comparison of MMSU 
hBE-20 and XCS E10 on a 6.5 HP engine at 
different loads showed no discernible 
difference. 

Moreover, results indicate that the 
MMSU 95-hBE gasohol blend formulations 
are stable products when used under 
Philippine climatic conditions and are 

promising as engine fuel. Among the 
formulations, the MMSU hBE-20 showed the 
highest potential for immediate use in 
stationary 4-stroke engines as well as 
moving vehicles.  Suitability of the blend 
was used to run 4-stroke motorcycles and a 
Toyota FX vehicle that traveled from Batac 
City, Ilocos Norte to Metro Manila and 
Baguio City. 

Further economic analysis shows a 
high profitability of using MMSU 95-hBE as 
feedstock for value-added products. With 60
-L production daily, the profit is Php 5,957 
per day for a 185% profit margin when the 
product is used for consumer, medical, and 
research purposes. A village-level 
bioethanol industry can realistically produce 
60-L ethanol daily and can be as high as 
100L when all conditions are optimized and 
management operations are systematized.  

Commercialization of these 
technologies could open new opportunities 
for village-level ethanol production and 
would contribute significantly towards the 
implementation of several Republic Acts 
namely: the RA 9637- the Philippine 
Biofuels Act, RA 9003- Philippines’ 
Ecological Solid Waste Management, Act 
RA 9513- The Philippines Renewable 
Energy Act, and the RA 8749- The 
Philippine Air Act. 
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Abstract 

 

Antioxidants are important components in the body which play a 
vital role in eradicating free radicals. A number of antioxidants are found in 
various dietary sources such as seaweeds. Globally, several studies have 
indicated that seaweeds are rich sources of phenolic compounds and 
have antioxidant properties. As was found in several studies, seaweeds, 
when consumed as part of the diet, provide protection against several 
chronic oxidative stress-related diseases. This study determined the 
chemical constituents and comparison of the antioxidant properties of 
selected seaweeds commonly available in Ilocos Norte. 

 
Laboratory experimentation constituted the major portion of the 

investigation using standard antioxidant drug in measuring the activity of 
the samples.  The experiment focused on the following: seaweeds 
extraction, phytochemical screening, total phenolics determination using 
total phenolic content assay and antioxidant property analysis through 2,2
-diphenyl-1-picrylhydrazyl (DPPH) assay, and iron-reducing activity assay. 

 
Results showed that Codium repens, Hydroclathrus clathratus and 

Porphyra suborbiculata contain carbohydrates, proteins, phytosterols, and 
phenolics, while only Hydroclathrus clathratus had flavonoids. Among the 
seaweed crude extracts, P. suborbiculata possessed the highest total 
phenolic content. In addition H. clathratus manifested the greatest 
capacity to scavenge-free radicals and P. suborbiculata exhibited the 
strongest iron-reducing power. 

 
 
 
 
Keywords: antioxidant, phenolics, phytochemical, seaweed  
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Introduction 
 

Non-communicable diseases (NCDs) 
are already the world’s major causes of 
death, responsible for 36 million deaths in 
2008, or 63 percent of the global total, with 
78 percent of these deaths occurring in 
middle- and low-income countries (WHO, 
2011). NCDs are the primary causes of 
death in the Philippines. In 2009, seven of 
the ten leading causes of deaths are non-
communicable in etiology (Ulep, 2012). Thus, 
lifestyle-related diseases have begun to 
dominate in the leading causes of death, 
particularly heart diseases, vascular system 
diseases, malignant neoplasms, diabetes 
mellitus, and chronic lower respiratory 
diseases. 

 
Due to the increasing rate of 

degenerative diseases caused by cellular 
degradation and due to the expensive 
medication, more research studies regarding 
possible sources of effective  drugs, 
germane and inexpensive in treating 
degenerative diseases are needed. Through 
the discovery of new drugs from indigenous 
plants or marine plants, which are abundant 
in nature, pharmaceutical companies can 
provide affordable drugs.  

 
According to Othman, et al (2011), 

antioxidants have great importance in terms 
of preventing oxidative stress that may cause 
several degenerative diseases. Antioxidants 
are believed to play a very important role in 
the body defense system against reactive 
oxygen species (ROS) or free radicals, which 
are harmful by-products generated during 
aerobic activity of normal cells.  Increasing 
the intake of dietary antioxidant is believed to 
assist in keeping antioxidant adequate and 
the normal physiological function of living 
system.   

 
Several studies have indicated that 

seaweeds are a rich source of phenolic 
compounds and have antioxidant properties 
(Vinayak, 2011). Seaweed food products 

provide nutritional benefits, which account for 
their increasing presence in the Philippine 
market. Seaweed rolls and salads are 
popular in the Philippines, as well as in 
China, Korea, and Japan. Moreover, 
seaweeds are essential ingredients in some 
cosmetics, fertilizers, and medicines. 

 
Hence, this study determined and 

compared the antioxidant properties of 
selected seaweed species commonly 
available in Ilocos Norte. These seaweeds 
are Pukpuklo (Codium repens), Bal-balulang 
(Hydroclathrus clathratus), and Gamet 
(Porphyra suborbiculata). 

 
Specifically, it sought to: a) identify 

constituents of C. repens, H. clathratus, and                
P. suborbiculata crude extracts through 
phytochemical screening; b) compare the C. 
repens, H. clathratus, and P. suborbiculata 
crude extracts in terms of their total phenolic 
content; c) describe the antioxidant 
properties of C. repens, H. clathratus, and P. 
suborbiculata crude extracts measured 
through 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) assay and iron-reducing activity 
assay; d) determine whether a significant 
difference exists between the mean 
absorbance of C. repens, H. clathratus, and 
P. suborbiculata crude extracts and the 
reference standard Vitamin C through DPPH 
Assay and iron-reducing activity assay, and 
e) identify the half-inhibition concentration 
(IC50) values of the C. repens, H. clathratus, 
and P. suborbiculata crude extracts in DPPH 
assay and iron-reducing activity assay. 

 
Methodology 

 
Seaweeds Collection, Preparation                       
and Extraction  
 

Three types of seaweeds, locally 
known as Pukpuklo, Bal-balulang and 
Gamet, were obtained from the seaweed 
bank of the Crops Research Laboratory of 
the Mariano Marcos State University. The 
seaweed samples were subjected to air 
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drying, cut into small pieces, and ground into 
fine particles using a grinder, kept in an air 
tight container, and properly stored in a 
refrigerator. The extraction process was 
done following the Ismail and Hong’s method 
(2002). The ground sample was weighed and 
transferred into an Erlenmeyer flask. 
Methanol was added and stirred for one hour 
with a magnetic stirrer. The extraction 
mixture was left to sediment for at least 24 
hours before the extract was separated from 
the residue by filtration using Whatman filter 
paper #2. The  methanolic extract solvent 
was removed under reduced pressure at 40°
C using a rotary evaporator. Seaweed crude 
extracts were produced in triplicates. 
 
Phytochemical Screening 
 

Qualitative phytochemical analyses 
were done following the procedures of Kaur, 
et al. (2011) and Himesh, et al (2011). 
 
Total Phenolic Content (TPC) Assay 
 

The TPC was determined by 
spectrophotometry using gallic acid as 
standard, according to the method described 
by the International Organization for 
Standardization (ISO) 14502-1. A 0.5mL of 
the diluted seaweed crude extract was 
transferred in triplicate to separate tubes 
containing 2.5mL of a 1/10 dilution of Folin-
Ciocalteu’s reagent in distilled water. Then 
2mL of sodium carbonate solution (7.5% w/v) 
was added. The tubes were then allowed to 
stand at room temperature for 60min before 
absorbance at 765nm was measured against 
blank reagent. The TPC was expressed as 
gallic acid equivalents (GAE) in microgram/
mg extract. The concentration of phenols in 
samples was derived from a standard curve 
of gallic acid ranging from 0.05 to 0.250mg/
ml (Pearson’s correlation coefficient: r2 
=0.9626). 
 
 
 
 

Measurement of Free Radical 
Scavenging Property                                       
using DPPH Assay 
 

Antioxidant property was measured 
from the modified method of Bozin, et al 
(2006) and Nyaa, et al (2009) wherein 
different dilution extracts (25 mcg/ml – 150 
mcg/ml) amounting to 1 mL were mixed with 
2mL of 30uM DPPH solution. After a 30 
minute-incubation period at 37°C, the 
absorbance was recorded at 517nm. 
Ascorbic acid was used as a positive control 
for this assay.  The antioxidant activity is 
expressed as: 

Where: 
 
A control = Absorbance reading of the control  
A sample = Absorbance reading of the sample 
 

Half maximal-inhibitory concentra-
tion (IC50), the amount of sample necessary 
to decrease the initial DPPH concentration 
by 50%, was determined from the plotted 
graph of the percentage of radical 
scavenging activity (% inhibition) versus the 
extracts concentration [(Norshazila, et al 
(2010)]. The IC50 values were specifically 
determined using linear regression analysis. 

 
Iron-Reducing Activity Assay 
 

The iron-reducing assay was 
modified and derived from the method of 
Rana, et al (2010). The reaction mixture 
containing 1mL ortho-phenanthroline, 2mL 
ferric chloride, and 2mL seaweed crude 
extracts at various concentrations ranging 
from 25  to  150µg/mL in a final volume of 
5mL was incubated for 10min at 37°C.  The 
absorbance was recorded at 510nm. 
Ascorbic acid  was  added  and  absorbance 
obtained was taken as  equivalent to   100% 
reduction   of   all  ferric  ions.   Blank was  
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                                                As

                                       
Reduction power (%) =  1-  1- –---  x 100 
                Ac 
Where: 

 
AC = absorbance of standard at        

  maximum concentration tested  
AS = absorbance of sample 
 

carried out without drug.  Experiment was 
performed in triplicate. 
 

Half maximal inhibitory concentration 
(IC50), the amount of sample necessary to 
decrease the initial DPPH concentration by 
50%, was determined from the plotted graph 
of the percentage of radical scavenging 
activity (% inhibition) versus the extracts 
concentration (Norshazila, et al 2010). The 
IC50 values were specifically determined 
using the linear regression analysis. 
 
Statistical Treatment 
 

To show whether C. repens, H. 
clathratus, and P. suborbiculata were 
comparable with the reference standard in 
different concentrations as to absorbance 
readings through DPPH assay and iron-
reducing assay using spectrophotometer, the 
researcher employed one-way Analysis of 
Variance and further analyzed through Least 
Significant Difference. All experiments were 
performed in triplicates. 

 
Results and Discussion 

 
Phytochemical Constituents of Seaweeds 
 

As shown in Table 1, C. repens, H. 
clathratus and P. suborbiculata yielded 
positive results for the primary metabolite 
carbohydrates and proteins as confirmed by 
the Molisch’s Test and Xanthoproteic test 
where typical nutritional analyses of 
seaweeds have identified high levels of 
carbohydrates and proteins (MacArtain, et al, 
2007). 

Likewise, phytosterols and phenolics 
were present on all seaweed crude extracts 
as confirmed by Liebermann Burchard’s test 
and Ferric chloride test. Flavonoids were 
present in the extract of H. clathratus as 
manifested by the positive result in the lead 
acetate test while C. repens and P. 
suborbiculata obtained a negative result. 

 
The presence of phytochemicals 

suggests that the seaweeds possess 
antioxidant activity. For the phenolics, the 
antioxidant properties are mainly due to their 
reduction - oxidation properties, which allow 
them to act as reducing agents, hydrogen 
donators, and singlet oxygen quenchers 
(Guendez, et al, 2005). It should be noted 
that flavonoids possess antioxidant 
properties in vitro and in vivo and contain a 
number of phenolic hydroxyl groups attached 
to ring structures, which confer the 
antioxidant activity (Kong, et al 2003). 

 
Total Phenolic Content 
 

The basic mechanism of the Folin-
Ciocalteau assay is an oxidation/reduction 
reaction based on the reduction oxidation 
properties of antioxidant compounds that can 
react with the Folin-Ciocalteau reagent 
enhancing the measurement of phenolic 
concentration (Norshazila, 2010).  
 

Results of TPC assay, as shown in 
Table 2, were expressed as gallic acid 
equivalent (GAE) in microgram/milligram 
seaweed extract. P. suborbiculata had the 
highest total phenolic content of 21.520μg 
GAE/mg followed by C. repens and H. 
clathratus with 4.638 and 3.587μg GAE/mg, 
respectively. 
 

Analysis using LSD revealed that P. 
suborbiculata exhibited the highest total 
phenolic content. Due to the presence of 
phenolic compounds, seaweeds suggest to 
have multiple biological activities such as 
antimutagenicity, anticarcinogenicity, anti- 
aging, and antioxidant (Kosem, et al 2007). 
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TEST FOR CONSTITUENT 
 

 

SEAWEED CRUDE EXTRACT 

 clathratus suborbiculata 

I. Detection of Alkaloids         
 Mayer’s test Alkaloids  -  

 Dragendorff’s test Alkaloids  -  

 Hager’s test Alkaloids  -  
 Wagner’s test Alkaloids  -  

II. Detection of Carbohydrates         

 Molisch’s test Carbohydrates  + + 

 Fehling’s test Reducing sugar  -  
III. Detection of Glycosides         

 Modified Borntrager’s test   -  

 Legal’s test Cardiac glycoside  -  
IV. Detection of Saponins         

 Froth test   -  
V. Detection of Phytosterol         

 Cupric acetate test Diterpenes  -  

 Salkowski’s test Triterpenes  -  
 Liebermann Burchard’s test Phytosterols  + + 

VI. Detection of Phenolic 
compounds         

 Ferric chloride test   + + 

 Gelatin test   -  
VII. Detection of flavonoids         

 Alkaline reagent test Flavonoids  -  
 Lead acetate test Flavonoids  +  

VIII. Detection of Proteins       

 Xanthoproteic test   + + 

Table 1. Phytochemical constituents of seaweed  crude extracts 

Table 2. Total phenolic content of seaweed  crude extracts  

SAMPLE   MEAN ABSORBANCE   TOTAL PHENOLIC CONTENT  
 

Codium repens  4.638 

Hydroclathrus clathratus  3.587 

Porphyra suborbiculata  21.520 

Phytochemical Screening and Anti-Oxidant Properties  RJD Ramil 
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Table 3. Free radical scavenging activity of the seaweed crude extracts 

CONCENTRATION   SAMPLE   
MEAN  

 
% FREE RADICAL  

 

 Porphyra suborbiculata  34.307 

  Codium repens  34.307 
  Hydroclathrus clathratus  3.864 
  Ascorbic acid  86.082 

 Porphyra suborbiculata  34.653 
  Codium repens  36.412 
  Hydroclathrus clathratus  35.187 
  Ascorbic acid  91.078 

100μg/mL Porphyra suborbiculata  38.014 

  Codium repens  42.884 
  Hydroclathrus clathratus  38.611 
  Ascorbic acid  92.554 

150μg/mL Porphyra suborbiculata  38.360 

  Codium repens  52.969 

  Hydroclathrus clathratus  54.791 
  Ascorbic acid  93.842 

DPPH Assay 
 

Primary antioxidant property of the 
seaweeds was measured through DPPH 
assay, because it is one of the most effective 
methods for actively evaluating the 
concentration of radical-scavenging materials 
actively by a chain-breaking mechanism. The 
reduction capability of DPPH is determined 
by the decrease in its absorbance at 517nm 
induced by antioxidants (Norshazila, et al, 
2010). Antioxidant can be categorized into 
two main types called primary and 
secondary; each type is responsible for 
different mechanisms (Lim, et al, 2007). 
DPPH assay reaction depends on the ability 
of the samples to scavenge free radicals, 
which is visually noticeable as the color 
changes from purple to yellow due to 
hydrogen-donating ability (Ajila, et al, 2007).  

 

abcd Different superscripts within a column per level of concentration indicate significant differences and 
same letters indicate no significant difference at p < 0.05. 

In terms of the level of concentration 
of 150μg/mL among seaweeds crude 
extracts, H. clathratus had the highest 
percentage of free radical inhibition followed 
by C. repens and P. suborbiculata (Table 3). 
However, the lowest value was manifested 
by H. clathratus in the 25μg/mL level of 
concentration, while P. suborbiculata and C. 
repens had the same percentage of free 
radical inhibition. In 50μg/mL, H. clathratus 
was the highest followed by C. repens and P. 
suborbiculata while in 100 μg/mL C. repens 
reached the highest free-radical inhibition 
percentage compared with the two seaweed 
crude extracts. 

 
It can be deduced from the data that 

P. suborbiculata slightly increased the free 
radical inhibition as affected by the 
concentration, while C. repens and               
H. clathratus showed notable increase. The 
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scavenging activity of all samples on the 
DPPH radical was found to be strongly 
dependent on concentration. Thus, it can be 
noted that the lower the mean absorbance 
is, the greater the primary antioxidant activity 
or the free radical-scavenging activity takes 
place (Siddhuraju, et al, 2002).  

 
The ANOVA results revealed that 

there are significant differences (p<0.05) 
among the mean absorbance levels among 
all concentrations (p<0.05). Based on further 
analysis using LSD, the standard reference, 
Ascorbic acid, exhibited stronger antioxidant 
activity as manifested by a very high 
percentage on free-radical inhibition 
compared to the crude extracts of the three 
seaweeds. But among the seaweeds crude 
extracts, H. clathratus had the highest free 
radical-scavenging activity. 
 
Iron-Reducing Activity Assay 
 

Secondary antioxidant activities of 
the extracts were measured using iron-
reducing activity assay. It was reported that 
reducing agents, which form σ-bonds with a 
metal, are effective as secondary 
antioxidants because they reduce the redox 
potential thereby stabilizing the oxidized 
form of the metal ion (Norshazila, 2010). O-
phenanthroline quantitatively forms 
complexes with Fe+2,  which get disrupted 
in the presence of reducing agents. The 
crude extract may interfere with the 
formation of a ferrous-o-phenanthroline 
complex, thereby it may suggest that the 
extract has reducing activity.  Additionally, 
absorbance obtained was taken as 
equivalent to 100% reduction of all ferric 
ions (Rana, et al, 2010). O-phenanthroline is 
selective agent for ferrous ion. It is used for 
determining the extent of ferric ions 
reduction to ferrous ions by antioxidants 
(Qureshi, et al, 2010). 

 
As shown in Table 4, there were no 

large differences among seaweed extracts in 
their iron-reducing properties. The highest 

iron-reducing effect among the seaweed 
extracts as manifested by their mean 
absorbance was shown by P. suborbiculata 
that was followed by H. clathratus and C. 
repens in the 100mcg/mL and 150mcg/mL 
concentration. However, in the concentration 
of 25mcg/mL and 50mcg/mL, reducing effect 
of P. suborbiculata was lower than H. 
clathratus. Thus, the higher the absorbance 
is, the greater the possibility of secondary 
antioxidant activity to occur (Qureshi, et al, 
2010). 

 
Furthermore, ANOVA results showed 

that there were significant differences 
(p<0.05) among the mean absorbance levels 
across all concentrations. All seaweed crude 
extracts showed lower iron-reducing effect as 
compared with the standard Ascorbic acid, 
which obtained the highest iron-reducing 
activity as further analyzed using LSD. 
However, P. suborbiculata had the highest 
iron-reducing effect compared with the other 
seaweed crude extracts. 

Half Inhibition Concentrations (IC50) 
 

Table 5 shows the specific IC50 
values of the seaweed crude extracts. H. 
clathratus had the highest capacity to 
scavenge free radicals with 130.30μg/mL 
concentration and P. suborbiculata had the 
highest iron-reducing effect with 324.12μg/
mL concentration. Thus, a lower IC50 value 
suggests better radical scavenging activity 
and better iron-reducing power (Marijana, et 
al, 2012). 

 
Relationships among the Total Phenolic 
Content (TPC), DPPH Assay and Iron-
Reducing Activity Assay 
 

Based on the results, a negative 
relationship between the TPC and DPPH 
assay exists. TPC assay provides only a 
crude estimate on the total phenolic 
components of the seaweed extracts, 
whereby the DPPH assay is not specific to 
polyphenols but to many interfering 
compounds that may react with the reagent, 
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Folin-Ciocalteu. The responses of phenolics 
for antioxidant activity estimated by various 
methods also depend on their chemical 
structures (Zhao, et al, 2007). Furthermore, 
Tawaha, et al (2007) suggest that the 
negative correlation between TPC and 
antioxidant activity could be attributed to the 
TPC that does not necessarily incorporate all 
the antioxidants present in an extract such as 
betalain containing both phenolic and non-
phenolic structures.  Similarly, various 
phenolic compounds respond differently to 
the DPPH assay, depending on the number 
of phenolic groups they have. This explains 

Table 4. Iron reducing activity of the seaweed crude extracts  

why P. suborbiculata had the highest TPC 
and least in the DPPH assay, while H. 
clathratus had the highest percentage on the 
free-scavenging activity and the least TPC. 

 
The results further suggest that not all 

compounds in the seaweeds extracts, which 
could scavenge free radicals have favorable 
iron-reducing effects. The iron-reducing 
activity of seaweed extracts could partially 
depend on the functional groups and the 
contents of individual functional groups in 
seaweed extracts (Zhao, et al, 2007). 
Therefore, antioxidant activity of the 

CONCENTRATION   SAMPLE   MEAN  
% REDUCING                  

EFFECT   

25mcg/ml Codium repens  5.6 
  Hydroclathrus clathratus  9.6 
  Porphyra suborbiculata  6.6 
  Ascorbic acid  81.5 
50mcg/ml Codium repens  6.1 
  Hydroclathrus clathratus  12.4 
  Porphyra suborbiculata  7.1 
  Ascorbic acid  86.8 

100mcg/ml Codium repens  8.1 
  Hydroclathrus clathratus  13.7 
  Porphyra suborbiculata  18.5 
  Ascorbic acid  94.2 

150mcg/ml Codium repens  10.1 
  Hydroclathrus clathratus  18.7 
  Porphyra suborbiculata  23.5 
  Ascorbic acid   

SEAWEED DPPH ASSAY 
IRON-REDUCING                

ASSAY 

Codium repens  1,232.13 

Hydroclathrus clathratus   

Porphyra suborbiculata   

Table 5. IC50 (ug/ml) values of the seaweed crude extracts 
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seaweeds extracts could not be predicted 
based on their TPC only. This is due to the 
synergism of polyphenolic compounds with 
one another or with other components 
present in an extract that may contribute to 
the overall observed antioxidant activity 
(Ordonez, et al, 2005).  

 
Conclusions and Recommendations 

 
Anchored on the findings of the study, 

C. repens, H. clathratus, and P. 
suborbiculata contain carbohydrates, 
proteins, phytosterols, and phenolics, while 
only H. clathratus has flavonoids.  

 
Among the seaweeds crude extracts, 

P. suborbiculata exhibits the highest total 
phenolic content and the greatest ability to 
suppress the formation of free radicals as 
measured in the iron-reducing assay, while 
H. clathratus manifests the greatest capacity 
to scavenge free radicals in the DPPH assay. 
Thus, seaweeds are possible sources of 
antioxidants that help, protecting the body 
from degenerative diseases. 

 
Nonetheless, in order to gain more 

comprehensive insights on the seaweed 
antioxidant activities, further studies on 
purification, identification, and quantification 
of each phenolic compound and other 
nonphenolic compounds are indispensable. 
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Abstract 

 

With the increasing number of women entering nontraditional 
occupations (NTOs), concerns about their health and safety are growing. 
As such, this descriptive-relationship study determined the demographic 
profile and occupational hazards that influenced the safety and health 
problems of 180 women engaged in NTOs in Ilocos Norte.  A three-part 
structured questionnaire adapted from Indicator Tool, Workplace Violence 
Guide, and Basic Health Questionnaire collected the needed data.  

The overall means showed that the women never experienced 
workplace violence, sexual harassment, and strained relationships. 
Likewise, they completely understood their job roles and often exerted job 
control. They also agreed that organizational changes were communicated 
and managed and they received social support from their managers and 
peers. Moreover, they derived relatively favorable satisfaction, security, 
and rewards. However, they perceived their jobs to be seldom demanding 
and moderately stressful. They were also seldom exposed to ergonomic 
and physical hazards and seldom experienced musculoskeletal disorders 
and burnout, but they never experienced accidents. Pearson’s correlation 
(r) revealed significant relationships between occupational hazards and 
safety and health concerns. In particular, demands, relationships, sexual 
harassment, workplace violence, work-related stress, ergonomic hazards, 
and physical hazards were associated with accidents, musculoskeletal 
disorders, and burnout. These findings imply that special attention are 
needed in controlling exposure to hazards in the workplace and proactive 
initiatives in establishing protective measures for the women.  

Hence, employers should create their own occupational safety and 
health unit tasked to develop, disseminate, and implement policies and 
programs emphasizing on prevention that minimize exposures to hazards 
and risks. 

 

Keywords: hazard, health, nontraditional occupation, safety, 
working conditions 
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Introduction 

Women are indispensable 
contributors to global and national 
economies. In 2012, participation rate of 
Filipino women was 50% which was 28.5% 
of the labor force. That is less than the 
78.5% participation rate of men (Asian 
Development Bank, 2013). According to the 
Bureau of Labor Statistics, women’s share in 
wage employment in the non-agricultural 
sector from 1995 to 2011 was consistently 
below 50% with the highest share posted in 
2006 and 2010 (42%) and lowest in 1996 
(39%). This denotes that through the years, 
men have remained to have a higher share 
than women. Nevertheless, the overall trend 
showed that women’s participation has been 
slightly increasing over time, indicating that 
the traditional roles of women as 
homemakers and child-rearers have 
gradually changed (Department of Labor and 
Employment-Bureau of Labor Statistics, 
2013). 

Empowerment of women is being 
vigorously promoted in the Philippines. 
Republic Act 7172 (also known as Women in 
Development and Nation Building Act) 
recognizes the role of women in nation 
building and ensures the fundamental 
equality of men and women before the law.  
However, women workers have continued to 
be concentrated in traditionally female-
dominated occupations even recently.  Thus, 
a key focus is to increase women’s 
representation in nontraditional occupations 
(NTOs).  As defined by the U.S. Department 
of Labor Women’s Bureau (2013), an NTO 
for women is one in which women comprise 
25% or less of total employment and is often 
thought of as ‘men’s job’. Women’s share of 
employment in male-dominated occupations 
based on the 2012 Annual Averages of the 
U.S. Department of Labor showed 24.5% 
farmers, ranchers, and other agricultural 
managers, 18.9% miscellaneous agricultural 
workers,  18.5% security guards and gaming 

surveillance officers, 13.7% civil engineers,  
12.6 police and sheriff's patrol officers, 9% 
electrical and electronics engineers,  4.5% 
construction trade helpers, 4.5% mechanical 
engineers, and 3.4% firefighters (U.S. 
Department of Labor Women’s Bureau, 
2013).  In the Philippines, online or 
published statistics of women working in 
NTOs from national agencies like DOLE and 
Philippine Statistics Authority are not 
available.    

Nowadays, many programs assist 
women to explore and enter the world of 
NTOs. Increasing women's access to those 
jobs is a compelling strategy for family 
economic self-sufficiency since it is one high
-wage option that enables families to move 
out of poverty (Wider Opportunities for 
Women, 2015). Low wages and incomes 
that accompany occupational segregation by 
gender are an increasingly important 
contributor to poverty and inequality in 
society as a whole (Messing & Ostlin, 2006).  

As women continue to make inroads 
in male-dominated occupations, they 
encounter new safety and health hazards, 
which may either change or add to their 
existing occupational experience. The 
serious health and safety problems unique 
to them have a circular effect. Failing to 
recognize the risks for women can lead to 
deficiencies in workplace prevention 
programs (Messing & Boutin, 1997); 
Messing et al. (1998), cited in Messing 
(2000).  Hence, the occupational health 
system must be responsive to sexual 
differences (biological differences in 
anatomy and physiology) and gender 
differences (differential effects due to the 
socially-determined roles, attitudes, relative 
power, and influence) of workers in order to 
improve women’s occupational health 
(Fishman et al, 1999).  It is imperative to 
systematically collect sex-disaggregated 
data on exposure to occupational hazards 
and risks.  

Impact of Hazards on the Safety and Health of Women...  CDNN Obra 
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Hazards and risks are not the same 
thing. A hazard potentially causes harm or 
adverse effects (to individuals as health 
effects or to organizations as property or 
equipment losses). Meanwhile, a risk is the 
likelihood that illness, injury or even death 
might result because of the hazard. The 
hazards commonly encountered in the 
workplace are categorized as psychosocial, 
ergonomic, and physical. The psychosocial 
hazards arise from the worker’s failure to 
adapt to an alien psychosocial environment. 
Frustration, lack of job satisfaction, 
insecurity, poor human relationships, and 
emotional tension are some of the 
psychosocial factors, which may undermine 
both physical and mental health of the 
workers. On the other hand, ergonomic 
hazards include repetitive and forceful 
movements, vibration, temperature 
extremes, and awkward postures that arise 
from improper work methods and improperly 
designed workstations, tools, and equipment. 
Meanwhile, physical hazards can be one of 
the following types: heat and cold, light, 
noise, vibration, ultraviolet radiation, and 
ionizing radiation. 

The Management Standards 
developed by the Health and Safety 
Executive (HSE) represent a set of 
conditions that reflect high levels of health, 
well-being, and organizational performance. 
These conditions are split into six discrete 
but related areas, or potential stressors: 
demands, control, support, relationships, 
role, and change. Demands include issues 
such as workload, work patterns, and the 
work environment. Control refers to how 
much a person has in the way he/she does a 
certain work. Support covers the 
encouragement, sponsorship, and resources 
provided by the organization, line 
management, and colleagues. On the other 
hand, relationship includes promoting 
teamwork to minimize conflict and dealing 
with unacceptable behavior. Meanwhile, job 
role pertains to whether people understand 
their role within the organization and whether 

the organization ensures that the person 
does not have conflicting roles.  Additionally, 
change pertains to how organizational 
change (large or small) is managed and 
communicated in the organization (Kerr, 
McHugh, & McCrory, 2009). These six key 
areas of work design, if not properly 
managed, are associated with poor health 
and well-being, lower productivity, and 
increased sickness and absence (Cousins et 
al, 2004; MacKay et al, 2004). 

Prevention of stress, harassment, 
and violence in the workplace is gaining 
attention nowadays. Work-related stress is 
not an illness, but a state that develops 
because a person is unable to cope with the 
demands being placed on them. And if stress 
becomes too excessive and prolonged, 
mental and physical illnesses may develop 
(HSE, 2007). Sexual harassment, on the 
other hand, is intimidation, bullying or 
coercion of a sexual nature, or the 
unwelcome or inappropriate promise of 
rewards in exchange for sexual favors. It 
includes a range of behavior from seemingly 
mild transgressions and annoyances to 
actual sexual abuse or sexual assault 
(Boland, 2002). In contrast, workplace 
violence includes threatening behavior, 
verbal or written threats, verbal abuse, and 
physical attacks [Canadian Centre for 
Occupational Health and Safety (CCOHS), 
2015].   

If these occupational hazards are not 
properly addressed by the management and 
the workers themselves, these hazards may 
lead to safety and health concerns like 
accidents, musculoskeletal disorders, and 
burnout. An accident is an unexpected and 
unplanned occurrence, including acts of 
violence, arising out of or in connection with 
work, which results in one or more workers 
incurring a personal injury, disease or death 
(ILO, 2000). Meanwhile, musculoskeletal 
disorders (MSDs) could be structural 
damage, inflammation, or pain that results 
from injuries to nerves, tendons, muscles, 
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blood vessels, or other supportive tissues 
associated with the musculoskeletal system 
(National Research Council, 2001). On the 
other hand, burnout is a prolonged response 
to chronic emotional and interpersonal 
stressors on the job.  Its dimensions include 
exhaustion, cynicism, and inefficacy. 
Ultimately, these hazards influence the 
health of the workers and their productivity in 
generating outputs. 

At present, reliable information on 
work-related safety and health concerns in 
the Philippines is scarce due to the 
limitations in reporting systems. Thus, this 
study identified the occupational hazards 
(psychosocial, ergonomic, and physical 
hazards), and determined the prevalence of 
safety and health concerns (accidents, 
musculoskeletal disorders, and burnout) 
among women in NTOs. Moreover, it 
determined the relationships between the 
variables.  

The identification of hazards that can 
significantly affect safety and health of the 
workers, particularly women, can be utilized 
in designing timely interventions and 
programs, like regular workplace assessment 
and those that minimize women workers’ 
exposure to hazards and risks to protect and 
ensure their safety.  

Methodology 

The study utilized a descriptive-
relational research design, which determined 
the demographic profile and occupational 
hazards (independent variables), as well as 
safety and health concerns (dependent 
variables) of women employed in NTOs 
together with their relationships. 

The study was conducted in the 21 
municipalities and two cities of Ilocos Norte. 
However, most of the data sources were 
recruited in Laoag City, Batac City, and San 
Nicolas due to their fast-growing economies; 
thus, more women were employed in these 

areas. Specifically, the respondents served 
their respective workplaces for at least one 
year, done field or on-site tasks, and were fit 
and healthy. Excluded were women on 
leave, with disabilities, and physically injured. 
A written informed consent was obtained 
from the respondents. Likewise, they were 
informed that no risks would be involved in 
their participation, which is voluntary and 
confidential, and without remuneration.  

A three-part structured questionnaire 
that was content-validated by experts 
gathered the needed data. Items on 
demands, control, manager and peer 
support, role, relationships, and 
organizational changes were adopted from 
the Health and Safety Executive Indicator 
Tool, a 35-item survey containing seven 
subscales. The alpha reliabilities for the 
seven subscales ranged from 0.78 to 0.92 
(Kerr, McHugh, & McCrory, 2009). Also 
adapted were items on musculoskeletal 
conditions and burnout from the Basic Health 
and Work Questionnaire (Weel & Fortuin, 
1998), and workplace violence from the Work 
Rage in the Workplace Prevention Guide 
(CCOHS, 2013).  

Moreover,  it used 5-point Likert 
scales, namely:  a) frequency scale from 
never to always (for items on roles, content, 
control, manager support, demand, working 
relationship, sexual harassment, workplace 
violence, ergonomic hazards, physical 
hazards, accidents, MSDs, and burnout); b) 
agreement scale from strongly disagree to 
strongly agree (for items on control, manager 
support, peer support, and organizational 
change);  c) situation scale from very poor to 
very good (items on job security and 
rewards, and job satisfaction); and       d) 
stressful scale from extremely stressful to not 
at all stressful (for items on work-related 
stress), with responses coded 1 to 5, 
respectively. In deriving the scores, the 
numerical values for the items were 
realigned - 1 indicating the most unfavorable 
working condition and 5, the most favorable. 
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Thus, items under demand, relationships, 
sexual harassment, workplace violence, 
ergonomic hazards, physical hazards, 
accidents, MSDs, and burnout had their 
scoring reversed. Descriptive statistics and 
Pearson’s correlation were used for data 
analysis using SPSS for Windows, version 
13.0 (SPSS Inc., Chicago, IL). Statistical 
significance was based on p value < 0.05.  

Results and Discussion 

Demographic Profile 

All in all, 183 out of 220 women 
(83.18%) employed in NTOs in Ilocos Norte 
participated in this study.  Specifically, 75 
agriculturists and agronomists, 44 
policewomen, 16 engineers, 13 construction 
aides, 10 firefighters, 10 jail officers, 8 
foresters, and 7 security guards were 
included as samples.  

Among the groups of respondents, 
the foresters were the oldest (ẋ=51.50 years) 
and had the longest working experience 
(ẋ=28.63 years old).  On the other hand, 
security guards were the youngest (ẋ=31.57 
years old) and had the shortest working 
experience (ẋ=7.20 years). Most of the 
respondents worked on an average of five 
days per week and eight hours per day as 
legally mandated. A big majority (71.93%) of 
the respondents were married considering 
their mean ages fell within the marriageable 
age of Filipino women. Likewise, majority 
(68.93%) were college graduates and some 
pursued their graduate studies (27.12%). 
That suggests competitiveness of women 
even in NTOs as they obtained higher levels 
of formal education.  

Occupational Hazards 

As reflected in Table 1, the  
respondents were seldom exposed to 
ergonomic and physical hazards.  In terms of 
psychosocial hazards, they never 
experienced workplace violence, sexual 
harassment, and strained work relationships. 

Moreover, they always understood their roles 
within the organization, which were not 
conflicting at all.  Additionally, they often 
exerted control on what to do and how to do 
their work. They agreed that organizational 
changes were communicated and managed 
and they received social support from their 
managers and peers. Likewise, they were 
satisfied, secured, and rewarded. They also 
perceived their jobs to be seldom demanding 
and moderately stressful.  

Psychosocial Hazards 

Workplace violence. On the whole, 
the respondents never (4.91) suffered from 
violence in the workplace. That trend was 
most evident among the firefighters and 
jailers and least evident among the security 
guards. This contradicts the findings of the 
CCOHS (2015) that correctional officers or 
jailers, social services employees, public 
work employees, and municipal housing 
inspectors tend to be more at risk with 
workplace violence. On the other hand, Ben-
Ezra, Essar, and Saar (2006) and Grosswald 
(2004) found security guards to be at 
increased risk of experiencing workplace 
violence due to their shift working hours and 
the needs to interact with various people. 
Moreover, most security guards spend 
constant contact with the public, therefore, 
they are more at risk of physical and verbal 
violence and stress related to the emotional 
side of the work (Centre de Sociologie de la 
Santé, 2004). 

Specifically, the women never 
experienced physical harm (4.98), physical 
assault or attack (4.97), verbal or written 
threats (4.91), and verbal abuse (4.77). 
Moreover, majority of the respondents 
(76.57%) perceived their workplace to have 
low risk for violence. Nonetheless, they 
reported 55 sporadic incidences of violence 
in the form of verbal abuse (36), verbal or 
written threats (12), physical harm (4), and 
physical assault (3).   According to the same 
respondents, their offenders were coworkers 
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(14), superiors (11), clients (7), and others 
(2). They also cited working alone or with a 
small number of co-workers (71.68%), 
working in a community-based setting 
(66.24%), and working late at night or early 
in the morning (55.35%) as attributable 
factors. It is notable that among the verbal 
abuse victims, only 13 reported it orally (10) 
and textually (3) for fear of losing their jobs. 

Sexual harassment. Generally, the 
respondents had never (4.81) been sexually 
harassed. This evidence was most 
frequently  reported by the foresters and 
jailers and least disclosed by the security 
guards. According to the Centre de 
Sociologie de la Santé (2004), the fact that 
women security guards are a minority would 
increase the chances that they suffer from 
sexual harassment. Sexual harassment is 
more common where a single gender 
predominates than it is in those where there 
is a balanced proportion of men and 
women. Messing and Ostlin (2006), cited in 
Paoli and Merlie (2001), claimed that 
women usually suffer from discrimination 
and sexual harassment more often than 
men, especially if they get employed in 
NTOs. 

Specifically, the women were never 
threatened by sexual gestures (4.89), 
touched maliciously (4.81), and received 
sexual jokes (4.75) from their colleagues.  

Job Roles. Overall, the 
respondents always understood their work 
roles, which were not conflicting at all.  Such 
perception was primarily shared by the 
jailers. Meanwhile, the same trend was least 
evident among the construction aides. The 
jailers are cognizant of their role in keeping 
the security of the jail and in ensuring the 
safety of the prisoners. On the other hand, 
the construction aides reported directly to 
several engineers in their worksite and 
worked with construction workers 
performing tasks such as carpentry, 
plasterwork, paving, scaffolding and tiling 

and blocking.  According to Maslach et al. 
(2001), role  conflicts  arise  when  
information  about  job  performance  is  
inadequate, or job demands  conflict with one 
another.  

Specifically, the women were always 
clear on performing their duties and 
responsibilities (4.85), realizing the overall 
aim of the organization through their work 
(4.75), getting their job done (4.69), meeting 
work expectations (4.64), and  achieving 
department goals and objectives (4.64). 

Relationships. On the whole, the 
respondents never (4.38) experienced work 
conflict and questionable behavior. There 
was a marked manifestation of this trend 
towards the foresters and least evident 
among the security guards. This deviates 
with the findings of Karacan (2011) that 
private security guards have good relation 
with their superiors and get along well with 
other employees in the workplace. 

Specifically, the women never 
experienced harassment like bullying (4.67) 
and malicious words or behavior (4.58). 
Moreover, they seldom observed friction or 
anger (4.06) and strained relationships (3.95) 
among them.  

Peer support.  On the whole, the 
respondents agreed (4.14) that they received 
social support from their co-workers. That 
trend was most evident among the 
firefighters and least evident among the 
foresters. Specifically, the women agreed 
that they received the respect they deserved 
(4.13), listened to their work-related 
problems (4.09), and received needed help 
and support from them (4.04).  

Satisfaction. Generally, the 
respondents rated work satisfaction as good 
(4.10). This evidence was particularly 
disclosed by the foresters. Further, the jailers 
were particularly satisfied in terms job 
security, working conditions, and equitable 
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pay among others. In contrast, the security 
guards were least satisfied as they are 
underpaid considering the risk that goes with 
their responsibilities. According to the Centre 
de Sociologie de la Santé (2004), security 
guards have atypical time spent at work, 
which goes beyond the usual work schedule.   

Specifically, the women were 
satisfied with the leadership (4.20), 
coworkers (4.15), and available information 
or knowledge (4.12) in their organizations.  

Security and rewards.  Overall, the 
respondents had favorably perceived  (4.03)  
their sustainably gainful employment and the 
incentives given to them. Such perception 
was primarily shared by the firefighters. 
Meanwhile, the same trend was least evident 
among the security guards who claimed that 
their wage was not commensurate to the 
nature of their work, salary increases were 
irregular, and advancement opportunities 
were limited.  Most organizations use a 
military type of ranking in terms of 
advancement in position and salary (U.S. 
Department of Labor, 2009), which 
negatively affects their operations.  

Specifically, the women had favorable 
opportunity to expand their knowledge and 
experience (4.24).  Additionally, they enjoyed 
opportunities for further training (4.18), 
tenurial security (3.99), and wage increase 
(3.79).  

Manager support. Generally, the 
respondents agreed (3.84) that they received 
social support from their managers. There 
was a marked manifestation of this trend 
among the jailers and least evident among 
the foresters. Since the tasks performed by 
the jailers were very critical in maintaining 
prisoner security and protecting the public, 
management was supportive in ensuring 
effective performance of their tasks. 

Specifically, the women agreed that 
their line managers encouraged them to 
perform satisfactorily (3.98), listened to 

concerns that upset or annoy them (3.98), 
and supported them in emotionally-
demanding situations (3.77). Likewise, they 
were often supported in solving work 
problems (3.90) and given responsive 
feedback (3.76).  

Job control.  The respondents 
often (3.59) exerted control doing their 
work. That trend was most evident among 
the agriculturists and least evident among 
the foresters. Agriculturists often had control 
of their time, because it is relatively flexible. 
Inasmuch as they had field work most of the 
time, they did not need to regularly report to 
their offices five days a week. In contrast, the 
foresters had to comply with environmental 
regulations in managing, preserving, and 
safeguarding public and private forested 
lands for financial, leisure, and conservation 
purposes.  

The women agreed that their work 
schedule can be flexible (3.79). Likewise, 
they often had flexibility in their work speed 
(3.57) and the manner of doing their work 
(3.48). Moreover, they sometimes had a 
choice in deciding what to do (3.24) and 
when to take a break (3.09).  

Organizational change. On the 
whole, the respondents agreed (3.59) that 
organizational change was managed and 
communicated in their institutions. This 
evidence was strong among the jailers and 
weak among the security guards.  Jailers had 
been involved in organizational changes 
affecting the handling of prisoners. On the 
other hand, the security guards mentioned 
that they were not involved during the 
planning stages, rather, they simply followed 
the implemented changes in their 
organizations. 

In fact, the women agreed that when 
changes are infused, they understood how 
those are operationalized (3.75).  Likewise, 
they were consulted about these changes 
(3.69). However, they remained neutral in 
terms of having sufficient opportunities to 
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question managers about work changes 
(3.22).  

Job demands. Overall, the 
respondents seldom (3.47) experienced 
issues on their workload, work patterns, and 
work environment. Such perception was 
primarily shared by the jailers. Meanwhile, 
the same trend was minimally disclosed by  
the engineers. The jailers never perceived 
their work as never demanding as they were 
given sufficient time to do assigned tasks.  
Meanwhile, the engineers sometimes found 
their work demanding as they spent 40 hours 
weekly.  At times, deadlines or design 
standards bring extra pressure to the job, 
requiring engineers to work beyond the usual 
schedule (Kosky, Balmer, Keat, & Wise, 
2012). Moreover, engineers consider many 
factors in the design process, from the costs 
and expected lifetime of a project to 
government regulations and potential 
environmental hazards such as earthquakes 
and fire (US Department of Labor, 2008).  

Specifically, the women seldom had 
unachievable deadlines (3.9), demands from 
other groups to work on things that are hard 
to combine or accomplish (3.87), unrealistic 
time pressure (3.84), neglected tasks (3.84), 
insufficient breaks (3.72), and pressure on 
working for long hours (3.58). Likewise, they 
sometimes worked intensively (2.62) and 
often had to work quickly (2.58).  

Work-related stress. In general, the 
respondents found their jobs to be 
moderately stressful (3.27). There was a 
marked manifestation of this trend towards 
the jailers and least evident among the 
foresters.  Foresters found their work to be 
moderately stressful because they 
sometimes experienced demanding workload 
and sometimes had control over their work. 
Despite the palpable job stress, less than 
half of the respondents reported that their 
employers initiated moves to reduce work 
stress.  

 

Ergonomic hazards 

On the whole, the respondents were 
seldom (3.75) exposed to ergonomic 
hazards. That trend was most evident among 
the engineers and least evident among the 
security guards. The security guards seldom 
experienced inconvenience brought about by 
prolonged standing and sitting, or by 
sustained position in their work area. 

The other groups of respondents 
never experienced reaching up high (4.25) 
and bending down regularly (4.22).  
Likewise, they seldom experienced lifting or 
carrying objects (4.17), prolonged standing 
(3.70), working in sustained position (3.54), 
doing repetitive movements (3.51), and 
sitting for several hours (3.47).  

Physical hazards 

On the whole, the respondents were 
seldom (4.12) exposed to physical 
hazards which prompted the majority 
(59.2%) of them to suggest improvement in 
their working conditions.  This evidence was 
highly disclosed by the foresters and 
minimally reported by the security guards.  
The security guards were sometimes 
exposed to physical hazards such as 
excessive heat and noise as they were often 
situated in populated places. Notably among 
the agriculturists, there were concerns about 
electrical outlets, as well as exposure to 
fumes, chemicals or intoxicating substances.  

On the other hand, the other 
respondents women never suffered from the 
effects of mechanical vibrations (4.43) and 
exposure to fumes, chemicals, or toxic 
substances (4.35). Meanwhile, some others 
seldom raised their voice regularly in order to 
be heard (4.19) and experienced too much 
noise during work (3.64).  

Safety and Health Concerns 

As reflected in Table 1, the overall 
means showed that the respondents had 
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never experienced work accidents. However, 
they seldom experienced MSDs and burnout.  

Work accidents. Overall, the 
respondents never (4.63) suffered from work-
related injuries. Such perception was 
primarily shared by the foresters because 
they stayed in their offices most of the time. 
Meanwhile, the engineers faced risks from 
heavy mechanical equipment or vehicles as 
they worked on the site. Coinciding to the 
ILO (2013) report, engineers are exposed to 
injury caused by falling objects, by stepping 
on sharp objects, and by impact and collision 
with sharp or protruding objects. 

Additionally, the women workers had 
never experienced gunshot wounds (4.90), 
falling (4.77), being hit by hard objects (4.73), 
burning (4.68), stumbling over loose objects 
(4.61), slipping (4.54), and cutting body parts 
(4.44). Some of the agriculturists though 
reported cases of sporadic incidences of 
drowning, insect bites, and allergies.  

Burnout. Generally, the 
respondents seldom (3.75) experienced 
burnout. There was a marked manifestation 
of this trend towards the jailers and least 
evident among the security guards. The 
security guards sometimes experienced 
burnout as they have to work days, nights, 
and weekends in succession causing 
physical and mental exhaustion. Contributory 
to their experience of burnout are unrealistic 
or unachievable demands, poor physical 
environment, lack of authority, lack of 
encouragement, and limited opportunities to 
use their skills or initiatives. 

Specifically, the other groups seldom 
suffered from the following: poor 
concentration/focus (4.08), disrupted sleep 
(3.98), listlessness (3.84), drowsiness (3.83), 
and exhaustion (3.42).  

Musculoskeletal disorders. On the 
whole, the respondents seldom (3.52) 
suffered from musculoskeletal symptoms. 

That trend was most evident among the 
jailers and least evident among the security 
guards. The security guards sometimes 
experienced MSDs as they spend most of 
their day either sitting (behind a counter or in 
a guardhouse) or standing (either at a single 
post or patrolling buildings and grounds). 
Prolonged periods of sitting down may cause 
pain in the upper back and upper extremity. 
Regularly standing up may result in painful 
feet, swollen legs, varicose veins, low back 
pain, and neck and shoulder stiffness. 

Similarly, other groups of 
respondents seldom experienced pain or 
stiffness in their middle or upper back (3.66), 
hip, leg or foot (3.65), low back (3.61), neck 
(3.57), and shoulder, arm or hand (3.51). 
According to the Occupational Safety and 
Health Administration (2008), MSDs typically 
affect the back, neck, shoulders, and upper 
limbs but less often they affect the lower 
limbs. Upper extremity pain or stiffness is 
related to the use of computers at work. 
Meanwhile, lower extremity pain or stiffness 
is due to prolonged standing, as well as 
frequent lifting and carrying where the larger 
and stronger muscles of the hip, leg, and foot 
are activated both for maintenance of stable 
erect posture and execution of movements. 

Relationships between Socio-demographic 
Characteristics and Safety and Health 
Concerns 

 As shown in Table 2, no significant 
relationships exist between socio-
demographic characteristics and safety and 
health concerns of the women in NTOs. In 
other words, the incidence of accidents, 
MSDs, and burnout can happen to women 
workers regardless of their age, civil status, 
educational attainment, occupation, length of 
service, and working days and hours.  

Table 3 shows significant positive 
relationships between occupational hazards 
(psychosocial, ergonomic, and physical) and 
safety and health concerns (accidents, 
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MSDs, and burnout) among women workers 
engaged in NTOs. 

Occupational hazards and 
accidents. Significant positive relationships 
were found among psychosocial (particularly 
roles, control, demands, relationships, sexual 
harassment, and workplace violence), 
ergonomic, and physical hazards and 
occupational accidents. Among these, 
physical hazards had the strongest influence 
on workplace accidents. 

Similarly, job roles and accidents 
(r=.154) were significantly related. This 
implies that women workers clearly 
understand their duties and responsibilities 
and know how to get their job done are least 
likely prone to any accidents. Moreover, a 
significant relationship was found between 
control and accidents (r=.174). This suggests 
that women who are empowered in doing 
their work tend to have low risk for accidents. 
According to Swaen et al (2004), low 
decision latitude could lead to injury due to 
occupational accident.  

Furthermore, job demands had 
positive relationship with accidents (r=.280). 
This means that as the work demands 
increase, the prevalence of accidents also 
increases. This concurs with Swaen et al’s 
(2004) claim that high psychological and 
emotional job demands pose a risk in the 
form of injury and accident. If a work 
schedule is full and workers are counted on 
to do more than their share, accidents are 
possible, because they have to push 
themselves too hard for too long, most 
especially if they have outputs to deliver. In 
addition, work relationship was positively 
related with accidents (r=.367). This implies 
that promoting positive and acceptable 
behavior among the workers tends to lower 
the risk for accidents.   

Moreover, accidents had positive 
relationship with sexual harassment (r=.162) 
and workplace violence (r=.363). This 

suggests that minimal exposure to or 
absence of sexual harassment and 
workplace violence decreases the risk for 
accident. That is so, because exposure to 
the same may lead to mental torture and 
emotional anguish that diminish 
concentration, predisposing women to 
workplace accidents.  

Likewise, ergonomic hazards were 
positively related with accidents (r=.290). 
This implies that ergonomic hazards are 
associated with accidents. Prolonged sitting 
or standing, sustained postures, and 
repetitive movements may affect body 
muscles and joints resulting to discomfort, 
pain and fatigue, thus, a worker becomes 
less alert and more likely to act unsafely.  

Similarly, physical hazards had 
positive relationship with accidents (r=.377). 
This suggests that uncontrolled cold and 
heat, improper lighting, and excessive noise, 
vibration, and radiation in the physical 
environment are associated with accidents. 
Morabito, et al (2006) found that hot weather 
conditions represent a risk factor for work-
related accidents in Italy during summer. In 
addition, Cheng et al. (2010) found that 
accidents tend to occur when certain 
combinations of hazards exist – especially 
working in high places without protective 
measures, losing balance when in motion, 
forgetting to use protective equipment, as 
well as having insufficient experience and 
injurious contact with unstable structure. 

Occupational hazards and 
musculoskeletal disorders. Psychosocial 
(specifically roles, demands, relationships, 
sexual harassment, workplace violence, 
stress, peer support, security and rewards, 
and satisfaction), ergonomic and physical 
hazards were significantly associated with 
MSDs; ergonomic hazards having the 
strongest influence. 

Pearson’s r revealed that job roles 
have significant relationship with MSDs 
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Table 2. Relationships between the socio-demographic characteristics of women employed 
in NTOs and their safety and health concerns 

 

SOCIO-DEMOGRAPHIC 
 CHARACTERISTIC 

  ACCIDENT MSD  BURNOUT 

r-value p r-value p r-value p 

Age .044 .589 .015 .859 -.022 .786 

Civil status .052 .489 .058 .446 .005 .263 

Educational attainment -.085 .253 .084 .263 .084 .256 

Occupation -.041 .580 .043 .563 .112 .132 

Length of service (years) -.002 .978 -.035 .658 -.025 .747 

No. of days per week .038 .609 -.006 .931 -.089 .231 

No. of hours per day .059 .434 .069 .366 .084 .265 

Table 3. Relationships between the occupational hazards of the women employed                  
in NTOs and their safety and health concerns 

 

** Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 

ACCIDENT              MSD           BURNOUT OCCUPATIONAL  

HAZARD   
r-value p r-value p r-value p 

Psychosocial hazards 

    Job roles 

  

.154* 

  

.037 

  

.222** 

  

.003 

  

.053 

  

.478 
    Job control .174* .018 .086 .254 .056 .451 

    Job demand .280** .000 .328** .000 .468** .000 

    Work relationships .367** .000 .189* .011 .355** .000 

    Sexual harassment .162* ..028 .172* .021 .214* .004 

    Workplace violence .363** .000 .165* .028 .310** .000 

    Work-related stress .114 .129 .287** .000 .211** .004 

    Manager support .064 .391 .114 .127 .173* .019 

    Peer support .017 .823 .203** .007 .112 .131 

    Organizational change -.013 .866 .137 .068 .069 .355 
    Security and rewards .131 .078 .228** .002 .252** .001 

    Satisfaction .112 .130 .273** .000 .373** .000 

Ergonomic hazards .290** .000 .603** .000 .464** .000 

Physical hazards .377** .000 .365** .000 .364** .001 
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(r=0.222). This suggests that women workers 
who have more defined roles tend to 
experience less MSDs.  

Moreover, MSDs correlated positively 
with demands (r=0.328) and stress (r=0.287). 
This implies that demands and stress 
increase the prevalence of MSDs. This 
concurs with the findings of Zakerian and 
Subramaniam (2009) that people who face 
high demands and stress reported high 
musculoskeletal discomfort. Likewise, work 
relationship has significant relation with 
MSDs (r=0.189). According previous studies 
(Sobeih et al., 2006; Woods, 2005), negative 
social interactions are associated with MSDs.  

Sexual harassment has significant 
relationship with MSDs (r=.172) implying that 
absence or minimal exposure to sexual 
harassment lessens the incidence of MSDs. 
This is supported by studies of the European 
Commission (1998) that muscular pain and 
back-neck trouble were consequences of 
sexual harassment. Moreover, a Swedish 
national study showed that 18% of the 
harassed women reported headaches and 
muscle aches (Swedish Work Environment 
Authority, 2006).  

Workplace violence has positive 
relationship with MSDs (r=.165). That 
concurs with the findings of Miranda, et al 
(2006), who reported that violence at the 
workplace increases the risk of 
musculoskeletal pain. Further, work-related 
stress positively correlated with MSDs 
(r=.342). This is similar to the findings of Min 
Gi, et al (2013) that stress resulted to MSDs 
among Korean male firefighters.  

Likewise, peer support and MSDs 
(r=0.203) were significantly related, implying 
the existence of harmonious and caring 
relationship among workers reduce the 
incidence of MSDs. This was reinforced by 
the findings of Sobeih, et al (2006) that poor 
social support at work are associated with 
MSDs. Likewise, MSDs significantly 
correlated with security and more promising 

rewards (r=.228) and satisfaction (r=.273). 
This means that higher satisfaction and 
better security and rewards in the workplace 
tend to lower the risk of MSDs. According to 
the Centre de Sociologie de la Santé (2004), 
satisfaction and motivation have an impact 
on the workers’ well-being and physical and 
mental health.  

Meanwhile, MSDs were found to be 
significantly related with ergonomic hazards 
(r=0.603) and physical hazards (r=0.365). 
Admittedly, ergonomic risk factors (such as 
repetition, force, posture) and poor working 
environment (such as excessive light and 
noise, extreme temperatures, ultraviolet 
radiation) are the major contributors to 
MSDs. 

Occupational hazards and burnout. 
Psychosocial (particularly demands, 
relationships, sexual harassment, workplace 
violence, stress, management support, 
security and rewards, and satisfaction), 
ergonomic, and physical hazards were 
significantly related with burnout. Specifically, 
job demands had the strongest influence.  

Job demand correlated positively with 
burnout (r=0.468), as long periods of high 
demands without adequate time to rest and 
recharge could lead to burnout. According to 
Gibson, et al (1991), workers experience 
more burnout when they work for more hours 
per week and have high workloads. Other 
studies have shown that workers with highly 
demanding jobs and low job control had 
burnout symptoms.  

As likewise shown in Table 3, work 
relationships influenced burnout (r=0.355). 
This implies that workers would experience 
less burnout when organizations promote 
positive work relationships to avoid conflict. 
Furthermore, work-related stress was 
positively related with burnout (r=0.211). In 
many organizations today, almost everyone 
is doing more in less time; hence, pressures 
can build up. Low value work, flawed work 
processes, and excessive performance 
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expectations also contribute to negative 
stress, which, if unresolved, can lead to 
burnout (Ceridian Corporation, 2007).  

Furthermore, management support 
was associated with burnout (r=0.173). 
Empirical studies confirm social support from 
colleagues, supervisors, clients, and family is 
associated with less burnout. Moreover, 
security and rewards correlated positively 
with burnout (r=.252). This is supported by 
the findings of Lingard and Sublet (2003), 
which assert that when rewards provided by 
an organization fall short of what one feels 
she deserves, burnout may develop.  

Likewise, job satisfaction was 
associated with burnout (r=.373). This 
concurs with the findings of Salehi and 
Gholtash (2011) that inadequate job 
satisfaction has a negative effect on burnout. 
Moreover, the meta-analysis of Faragher, et 
al (2005) found that employees with low 
levels of job satisfaction are most likely to 
experience emotional burnout, to have 
reduced self-esteem, and to have high 
anxiety and depression levels. Many people 
spend a considerable proportion of their 
waking hours at work. If their work is failing 
to provide adequate personal satisfaction — 
or even causing actual dissatisfaction — they 
are likely to be feeling unhappy or unfulfilled 
for a long period of each working day. Those 
individuals are more vulnerable to the 
lowering of general mood and self-worth 
while at work, culminating in mild levels of 
depression and/or anxiety. If those remain 
unresolved for any length of time, they may 
eventually lead to emotional exhaustion, 
particularly if the individual is unable to 
control her feelings from spilling over into her 
home or social life.  

Lastly, burnout had significant 
relationship with sexual harassment 
(r=0.214), workplace violence (r=0.310), 
ergonomic hazards (r=0.464) and physical 
hazards (r=0.364). When these job stressors 
are allowed to predominate over time can 
contribute largely to burnout.   

Conclusions and Recommendations 

The women engaged in NTOs were 
exposed to psychosocial, ergonomic, and 
physical hazards in the workplace. In terms 
of psychosocial hazards, they never 
experienced workplace violence, sexual 
harassment, and strained relationships. They 
were also clear of their job roles and often 
had control over their work. Likewise, they 
received social support from their managers 
and peers. Further, they derived satisfaction, 
security, and rewards from their work. 
However, they perceived their jobs to be 
seldom demanding and moderately stressful. 
Moreover, they were seldom exposed to 
ergonomic and physical hazards. Lastly, they 
never had work-related accidents but seldom 
experienced MSDs and burnout.  

Meanwhile, no significant 
relationships were evident between socio-
demographic characteristics and safety and 
health concerns. However, there were 
positive relationships between occupational 
hazards (psychosocial, ergonomic, and 
physical) and safety and health concerns 
(accidents, musculoskeletal disorders, and 
burnout).  

Inasmuch as hazards are significantly 
associated with safety and health, hazards in 
the workplace must be given due attention . 
Efforts are needed to be done by the agency 
heads, line managers, and workers to 
establish protective measures for women 
working in NTOs.  

Further, the agency heads should 
establish occupational safety and health 
units tasked to develop, disseminate, and 
implement policies and programs that 
minimize exposure to hazards and risks 
activities, with emphasis on prevention. 
Moreover, the agency heads should 
institutionalize the assessment of regular 
hazard and risk activities in the workplace. In 
addition, the line managers should start 
initiating changes in the working conditions of 
the women workers in order to lessen 
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demands, stress, and eventually reduce 
ergonomic and physical hazards. The line 
managers should also encourage more 
responsive social support, better work 
relationships, and safer physical environment 
for them.  

Furthermore, the women workers 
should actively participate in all the initiatives 
undertaken by line managers to reduce work-
related stress. Lastly, other researchers can 
conduct a follow-up study that will determine 
the factors, which predict safety and health 
problems in the workplace. 
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