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[ Abstract \

The study aimed to assess the adoption of the PalayCheck System among registered rice farmers in
Bulacan. In terms of socio-demographic and farming characteristic of the rice farmer, benefits derived
from FFS participation and adoption, and the evaluation of the level of adoption of rice farmers in the
PalayCheck System were examined. A descriptive research design method was used in the study.
The respondents were drawn from the 2019-2020 TESDA RCEF-RESP graduates in Bulacan, with
a total of 82 registered rice farmers were purposively selected to act as respondents of the study.
Based on the results of this study, rice farmers were married males and older-aged adults, tilling 1.0
to 2.0 hectares of land, with more than 31 years of experience in rice farming. Rice farmers’ level of
adoption of the PalayCheck System Key Checks showed a very high adoption rate, except in Key
Check 3, “Practiced synchronous planting after a rest period” and Key Check 7 “No significant yield
loss due to pests” both gained high adoption. In addition, rice farmers experienced significant benefits
by strengthening their decision-making abilities and gaining confidence in managing and improving
their farming activities. The study recommends enhancing farmer education through a farmer-
centered approach, strengthening stakeholder collaboration with rice farmers in Bulacan, and
encouraging further research on the adoption of the PalayCheck System.

Keywords: agriculture extension, PalayCheck system, rice productivity, technology adoption

-

Introduction

Rice is the staple food crop of the Philippines and is central to the well- being of the nation. With
an average annual per capita consumption of 136 kg by a population of 111.57 million (PSA, 2022), the
annual production from 4.65 million hectares of rice land regularly requires imports of up to 1.70 million
tons annually. However, the growth in production of 19% has is failed to keep up with the increasing rice
demand from a population growth of 1.1% per annum (PSA, 2022).

Republic Act 11203 established the Rice Competitiveness Enhancement Fund (RCEF), also
known as the Rice Fund, to help boost the productivity and income of rice farmers. This was introduced
in response to the liberalization of the country’s rice trade policy, which removed quantitative restrictions
on rice imports and replaced them with tariffs, among other measures. RCEF has four major components:
rice farm machinery and equipment; rice seed development, propagation, and promotion; expanded rice
credit assistance; and rice extension services, which should be implemented in an integrated manner (DA-
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ATI, 2020).

The main implementor of the Rice Extension Service Program was the Technical Education and
Skills Development Authority (TESDA) in partnership with the different Learning Site in Agriculture (LSA).
It aims to capacitate the knowledge and skills of farmers through the conduct of Farmers Field School
(FFS). Extension services are one of the development strategies to transfer technologies that can address
these issues. According to Ison, Roling and Watson (2007), instead of technology transfer being carried
out by extension workers talking to farmers, the FFS emphasized discovery learning by groups of farmers
with the facilitation of the whole process by skilled trainers.

The PalayCheck System is an interactive rice crop management approach that highlights essential
technologies and practices called Key Checks. It allows farmers to compare their current methods with
recommended best practices and promotes continuous learning through farmers’ discussion groups to
enhance productivity, profitability, and environmental sustainability. PalayCheck is simply "learning,
checking, and sharing for best farming practices". PalayCheck covers the principal areas of crop
management such as seed quality, land preparation, crop establishment, and the respective management
of nutrients, water, pests, harvest, and postharvest (PhilRiceshop, 2022).

FFS is an extension strategy that helps farmers solve local issues by allowing them to learn from
each other's farming experience. It is conducted on a weekly basis with a curriculum on the how and why
of farming and is overseen by a facilitator. Through FFS, farmers also gain knowledge and skills in crop
management decisions and strengthen their interpersonal relationships with fellow farmers by participating
in a variety of group activities (FAO, 2016).

The RCEF-RESP (Rice Extension Services Program) aims to improve rice productivity through the
training the training and capacity-building of rice farmers on modern, science-based farming technologies
and practices. Despite these significant efforts, extension services like the Farmers Field School (FFS) on
PalayCheck System make it is crucial to systematically assess the outcomes and impacts of these
programs on the ground. Assessment allows stakeholders to determine whether these interventions are
genuinely leading to improvements in rice productivity, farmer income, technological adoption, and
sustainable farming practices. The study was assessed the adoption of the PalayCheck System among
registered rice farmers in Bulacan. It focused on farmers’ socio-demographic and farming characteristics,
years and level of adoption after FFS, and the benefits gained from participation.

Materials and Methods

For this study, the researcher used a descriptive research design. The data collected included the
socio-demographic and farming characteristics of rice farmers, the perception of rice farmers in terms of
the benefits derived from participation in FFS, and the rice farmers' problems encountered in adopting the
PalayCheck System, focusing on the level and years of adoption of rice farmers in the PalayCheck System
after FFS. A total of 175 individuals graduated from the TESDA Farmer Field School (FFS) in Bulacan
during 2019-2020. For the purpose of the research evaluation, only 82 participants who were confirmed
as registered rice farmers were intentionally selected as respondents, while non-rice farmers were not
included in the study. The researcher asked permission from the TESDA Bulacan Office, Provincial
Agriculture Office, and City/Municipal Agriculture Offices to seek their help in accessing vital documents
for the conduct of this study, such as the list of TESDA FFS graduates and the general master list of
farmers who planted rice.

A researcher-made questionnaire was used in the survey to gather data. The survey
guestionnaire's content was subjected to reliability and validity tests using Cronbach’s alpha and was pre-
tested with 30 farmer respondents who shared the same characteristics but were not included as
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respondents of the study. The Likert-type scale used for this study satisfied the conditions for using
Cronbach’s alpha. The Cronbach’s alpha result on reliability and validity of the questionnaire resulted in
0.79 marked as acceptable, which is in the range of its acceptable value of 0.70-0.95. Uitilizing the
Percentages and frequencies were used to determine the socio-demographic and farming characteristics
of rice farmers such as age, sex, civil status, educational attainment, tenurial status, years of experience
in rice farming, total farm size, area dedicated to rice farming, farm location, and the years of adoption of
PalayCheck System Key Checks. Furthermore, for household size and annual farm income the data
gathered was averaged and reported appropriately. Mean and standard deviation were used to determine
the level of adoption of rice farmers in the PalayCheck System after FFS; and the benefits derived from
participation in FFS.

Results and Discussion

Socio-demographic Profile of Rice Farmers

The results of the study indicate that the majority of rice farmers are aged 50 years and above,
with a mean age of 59.78 years, highlighting an aging farming population, as shown in Table 1. This is
because, rather than farming, young people are encouraged to attend school in order to earn a degree
and land a respectable, well-paying job. This is also relevant to the adoption of extension services, as
older farmers may be less inclined to adopt new technologies or farming practices due to established
routines and limited familiarity with modern methods. This can be attributed to the study conducted by
Palis (2020) regarding the aspirations of rice farmers for their children, result of the study shows that
Filipino rice farmers nowadays are indeed aging.

Table 1

Socio-Demographic Profile of Rice Farmers

Socio-Demographic Profile Frequency Percentage (%)

Age

Younger age group (15-29 years) 1 1.22

Middle age group (30- 49 years) 9 10.98

Older age group (50 and above) 72 87.80
Sex

Male 62 75.6

Female 20 24.4
Civil Status

Single 5 6.0

Married 65 78.3

Separated 2 2.4

Widow 10 12.0
Educational Attainment

Elementary Undergraduate 7 8.5

Elementary Graduate 20 24.4

High School Undergraduate 5 6.1

High School Graduate 21 25.6

College Undergraduate 11 13.4

College Graduate 14 17.1

Vocational 4 4.9

Socio-Demographic Profile Average

Household Size 4.13
Annual Farm Income (Php) 46, 246.00
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Table 1 also shows that 75.60% of the rice farmers are male and only 24.40% are female. The
population of the study was dominated by male rice farmers. Majority of the rice farmers are married, with
78.3%, followed by widow/widower respondents (12%) and separated respondents (2.4%) while 6% are
single farmers. It was also shown that 25.6% of the rice farmers were high school graduates and 24.4%
were elementary graduates. Table 1 also indicates that vocational graduates were 4.9% of the total
population. Cuevas et al. (2021), in their research study, also found that most of the farmers attained the
high school level. It further shows that the average household size of the rice farmers was 4.13. This
finding was supported by the study of Delco (2020), where farm households were categorized as small
family. It also revealed that £46,246.00 was the average annual farm income of the rice farmers.

Farming Characteristics of Rice Farmers

Table 2 shows that most of the rice farmers are tenants (50.0%), while 46.3% are farm owners,
and 3.7% are renters. This distribution has important effects on how farmers adopt extension services.
Tenant farmers may hesitate to follow new or costly farming practices because they do not own the land,
while farm owners are more likely to invest in long-term improvements. Renters, though fewer, may also
lack motivation to adopt new methods due to short-term land use. Because of this, extension services
should offer practical and low-cost solutions for tenants and promote policies that support land security.
In the study of Chavula and Turyasingura (2022), it was mentioned that by having land ownership, the
smallholder farmer can make long-term plans and strategies to improve their farms.

Table 2

Farming Characteristics of Rice Farmers

Farming Character Frequency Percentage (%)

Tenurial Status

Farmer-owner 38 46.3

Tenant 41 50.0

Renter 3 3.7
Years of Experience in Rice Farming

Less than 15 years 19 23.1

16-30 years 27 329

More than 31 years 36 43.6
Total Farm Size

Less than 1 hectare 21 25.4

1.0-2.0 hectare 49 59.6

2.1-3.0 hectares 7 8.5

More than 3.1 hectares 5 6
Area Dedicated to Rice

Less than 1 hectare 21 25.4

1.0-2.0 hectare 49 59.6

2.1-3.0 hectares 8 9.7

More than 3.1 hectares 4 4.8
Farm Ecosystem

Irrigated 68 82.9

Rainfed 14 17.1
Source of Water

Deep well 39 47.0

NIA 20 24.4

Rainwater 13 15.8

River 3 3.6

Tabon 7 8.5
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Table 2 also presents data indicating that 43.6% of the total rice farming population had over 31
years of experience, while 32.9% had between 16 and 30 years of experience, and 23.1% had been
engaged in rice farming for less than 15 years. This distribution suggests that the majority of rice farmers
possess substantial farming experience, which is a critical factor influencing agricultural productivity and
decision-making. According to Adesope et al. (2012), farming experience significantly contributes to the
adoption of improved agricultural technologies and practices, as experienced farmers are more
knowledgeable about farming techniques, risk management, and resource optimization.

In terms of total farm size, the majority of respondents (59.6%) cultivated between 1.0 and 2.0
hectares of land. Additionally, 25.4% of farmers managed farms smaller than one hectare. A smaller
proportion tilled larger areas, with 8.5% cultivating between 2.1 and 3.0 hectares, and 6.0% farming more
than 3.1 hectares. The data reveal that more than half of the farmer respondents had land areas tilled with
rice between 1.0 and 2.0 hectares and still considered smallholder farmers. On average, respondents
have a total farm size of 1.5 hectares. According to Republic Act No. 11511, the updated definition of
small farmer/fisher folk is those farmers who utilize not more than five (5) hectares of land for a single
purpose or a combination of different farming systems. From the total farm size, only one rice farmer who
have more than 3.1 hectares dedicated about 2.1 to 3.0 hectares to rice farming. Furthermore, the majority
of farmers (82.9%) farm in irrigated ecosystems, while a smaller proportion (16.9%) rely on rained
ecosystems. In terms of water sources, 47.0% of farmers use deep wells, followed by 24.4% who source
water from the National Irrigation Administration (NIA). Additionally, 15.8% depend on rainwater, 8.5%
use tabon water sources, and 3.6% rely on river sources.

Level of Adoption of Rice Farmers in the PalayCheck System After FFS

The level of adoption of rice farmers using the PalayCheck System is shown in Table 3. In terms
of Key Check 1 also known as the “Use of Quality Seed of a Recommended Variety,” the rice farmers
rated the level of adoption as very high with a weighted mean of 4.29 (SD = 0.69). The very high adoption
rate of Key Check 1 may be attributed to the government’s seed subsidy program and the promotion of
recommended varieties, as a portion of the seeds used by farmers was supplied by the Department of
Agriculture (DA) and Local Government Units (LGUs). According to the PalayCheck System Manual,
experts believe that the provision of high-quality rice seeds can give at least a 10% increase in the yield
of rice farmers’ produce. In relation to this, Diaz et al. (2015) cited that a large part of the increase in yield
was achieved through the use of high-quality seeds.

For the Key Check 2, or “Well-leveled Field”, the rice farmers level of adoption had a weighted
mean of 4.56 (SD = 0.61) indicating very high adoption. The result indicates that most of the rice farmers
know the importance of a well-leveled field which is to ensure that irrigation water is uniformly distributed
to rice fields. It can be noted that rice farmers have access to farm machinery for land preparation like
four-wheel-drive tractors and hand tractors. Samoy-Pascual et al. (2022) cited that well-leveled soil may
have enhanced the uniform distribution of water and fertilizer to the crops. Bouman et al. (2007) reported
that when fields are unleveled, water might stagnate in depressions, whereas higher parts may become
dry which could result in uneven crop emergence as well as uneven fertilizer distribution, and weed
problems.

As presented in the table was Key Check 3, which pertains to the practice of "Synchronous Planting
Following a Rest Period". The rice farmers’ high level of adoption obtained the lowest value among the
Key Checks with a mean of 4.07 (SD = 0.84). It was observed that this technology is one of the Key
Checks that is difficult to adopt. Somerice farmers adopt the technology to enable efficient use of irrigation
and minimize the spread of pests and diseases in a farm area. However, some of them did not practice
this technology because of the late delivery of irrigation for land preparation. According to Patindol et al.
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(2016), one of the factors that explain why farmers do not follow synchronous planting is the availability of
irrigation water.

It was also shown in the table that rice farmers in the PalayCheck System demonstrated a very
high level of adoption for Key Check 4, “Sufficient numbers of healthy seedlings,” with a weighted mean
score of 4.54 (SD =0.67). Based on the field survey and assessment, respondents reported adhering to
the recommended seedling rate and ensuring that each hill had one healthy seedling. Some of them said
that they did not fully adopt this practice because pest occurred during the seedling stage. The findings
on the number of healthy seedlings are consistent with the previous study results indicating that high-
guality seeds reduce the required seeding rate and produce strong and healthy seedlings resulting in a
more uniform crop with higher yields (Rice Knowledge Bank, 2016).

Adoption of Key Check 5, “Sufficient Nutrients from Tillering to Early Panicle Initiation and
Flowering” was rated “very high”, with a weighted mean of 4.43 (SD = 0.70). Farmers attested that they
properly adopted the recommendation in achieving Key Check 5 by knowing the right element the right
amount, and the right timing for the fertilizer application. Acierto et al. (2021) needed noted that Key Check
5 is not easy to adopt because it involves significant monetary costs. As observed in the present times
fertilizers and other farm inputs are often costly, which may lead farmers to inconsistency follow or adopt
the technology.

For Key Check 6, "Avoided Stress Caused by Drought or Excessive Water that Could Affect the
Growth and Yield of the Crop," rice farmers had a very high level of adoption with a weighted mean of
4.24 (SD = 0.97). This indicates that farmers ensured enough irrigation water supply. Rice Farmers
adopted this Key Check for the easy management of land preparation, pest and weed control, and fertilizer
application. This finding aligns with a study by PhilRice (2015), which revealed that sufficient water supply
supports proper crop establishment, enhances seedling vigor, and promotes normal crop growth and yield.
Moreover, providing the right amount of water allows crops to reach their optimal growth and productivity.

Key Check 7, “No Significant Yield Loss Due to Pest” the study revealed high level of adoption
with a weighted mean of 4.19 (SD = 0.88) among rice farmers. This Key Check remarked as 2nd to the
last with lowest mean among nine Key Checks in PalayCheck System. Some of the farmers applied
chemical control to control the pestin farm whether it was insect pests, diseases, weeds, rats, snails, and
birds instead of use Integrated Pest Management (IPM) approach. Rice Farmers adoption of the Key
Check could be due to the fact that IPM focuses on pest prevention and uses pesticides only as needed
Patindol et al. (2016)

Key Check 8, “Harvested the Crop at the Right Time,” obtained the highest adoption level with a
weighted mean of 4.59 (SD=0.58), which is categorized as very high. This result indicates that most
farmers readily adopt this practice because it is easier to manage and does not require much time, skill,
or financial resources. This finding aligns with Mataia et al. (2015), who reported that farmers are already
familiar with and knowledgeable about Key Check 8 since it is generally practiced.

Lastly, Key Check 9, the newly added parameter, “Dried, Cleaned, and Stored Grains Properly”
received a very high adoption level with a weighted mean of 4.49 (SD = 0.74). This result indicates that,
although the PalayCheck System is relatively new, it was readily adopted by the farmers. It was also
observed that farmers typically dry, clean, and store palay only for their own consumption, while the
majority of their harvested palay is sold immediately in its fresh, undried form.

To summarize the result, among nine Key Checks in the PalayCheck System, Key Check 8,
"Harvested the Crop at the Right Time," had the highest adoption level because of the practice easy to
implement, as it requires less time, skill, and financial resources. On the other hand, Key Check 3,
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"Synchronous Planting After a Rest Period," recorded the lowest adoption level, among the Key Checks,
this lower adoption may be due to challenges such as the late delivery of irrigation water and coordination
among farmers, making it difficult to practice synchronized planting across fields.

Table 3

Level of Adoption of Rice Farmers in the PalayCheck System After FFS

ltems Mean SD Verbal Interpretation
Key Check 1. Variety and seed selection , .
“Use-high quality seeds of are recommended variety” 429 069 Very High Adoption
Key Check 2. Land Preparation
“Well-leveled field”
Key Check 3. Crop Establishment
“Practiced synchronous planting after a rest period”
Key Check 4. Crop Establishment
“Sufficient number of healthy seedlings”
Key Check 5. Nutrient Management
“Sufficient nutrients from tillering to early panicle initiation 443 0.70 Very High Adoption
(EPI) and flowering”
Key Check 6. Water Management
“Avoided stress caused by drought or excessive water that 424 097 Very High Adoption
could affect the growth and yield of the crop”
Key Check 7. Pest Management
“No significant yield loss due to pests”
Key Check 8. Harvest Management
“Harvested the crop at the right time”
Key Check 9. Postharvest Management . .
“Dried, cleaned, and stored grains properly” 449 074 very High Adoption

Legend:4.21-5.00 =Very High Adoption; 3.32—4.20 =High Adoption; 2.61-3.40 = Moderate Adoption; 1.81-2.60 = Low Adoption;
1.00-1.80 = Very Low Adoption.

Benefits Obtained of Rice Farmers in the PalayCheck System After FFS

456 0.61 Very High Adoption
407 0.84 High Adoption

454  0.67 Very High Adoption

419 0.88 High Adoption

459  0.58 Very High Adoption

The benefits obtained by rice farmers in the adoption of PalayCheck System after FFS are shown
in Table 4. Overall, the benefits obtained from participating in the FFS were rated very high by the rice
farmers. Among the benefits obtained, the highest mean value was that the decision-making ability of
farmers had been strengthened/improved, with a mean of 4.72 (Table 4). It can be noted that attending
FFS can influence the decision-making ability of farmers. This was followed by “confidence to manage
and improve my rice farming activities through the adoption of some appropriate technologies learned in
FFS,” witha mean of 4.71. It also highlighted that attending and participating in the FFS can boost farmers’
confidence in managing their farms. Related to this, in the study of Casinillo (2023), it was observed that
the FFStraining program improved the productivity of rice farmers and positively influenced their economic
income and decision-making process in the farming system.

However, the lowest weighted mean value was obtained for the statement, “/ obtained higher yield through
my participation in FFS activities” (M = 4.48), which is still marked as indicating very high benefits. This
implies that farmers recognize yield improvement as a benefit, but may not see it as the most significant
outcome of FFS participation. This is supported by related studies such as Van den Berg and Jiggins
(2007), who found that FFS programs often lead to stronger impacts on farmers' knowledge and practices
rather than immediate increases in yield.
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Table 4

Benefits Obtained of Rice Farmers in the PalayCheck System After FFS

Verbal
Items Mean SD Interpretation
1. The FFS enhance my skills and knowledge. 4.67 0.49  Very High
2. Had a new farmer acquaintance that | could share farming skills with. 455 0.57 Very High
3. My decision-making ability has been strengthen/ improved. 472 0.48 Very High

4. 1 am now confident to manage and improve my rice farming activities :
though adoption of some appropriate technologies learned in FFS. 471 046  Very High
5. Obtain higher yield through my participation in FFS activities. 4.48 0.74  Very High

Mean 4.63 0.56 Very High
Legend:4.21-5.00 = Very High;3.41-4.20 = High; 2.61-3.40 = Moderate; 1.81-2.60 = Low; 1.00-1.80 = Very Low

Conclusions

In conclusion, the study found that rice farming in Bulacan is predominantly undertaken by older
adults aged 50 years and above, primarily consisting of married male high school graduates. The majority
of rice farms are managed by small family units of one to four members, with annual farm incomes ranging
from P0 to £40,000. Most farmers are long-term tenants, having been engaged in rice cultivation for over
31 years on farm sizes ranging from 1.0 to 2.0 hectares, devoted exclusively to rice production and
typically irrigated through deep wells.

The findings also underscore the strong adoption of the PalayCheck System among registered
rice farmers, with generally very high levels of adoption across most Key Checks. However, Key Check 3
(Practiced synchronous planting after a rest period) and Key Check 7 (No significant yield loss due to
pests) reflected slightly lower, yet still high, adoption rates.

Furthermore, the study highlights that participation in Farmer Field School (FFS) programs
significantly enhanced farmers’ decision-making capabilities and confidence in managing and improving
their rice farming practices. This empowerment, driven by the application of appropriate technologies
introduced through FFS, contributed to increased productivity and improved farm outcomes.

Recommendations

Based on the results of the study, several recommendations are proposed to benefit rice farmers. First,
implementers are encouraged to strengthen the conduct of the Farmer Field School by adopting a farmer-
centered learning approach. This includes promoting participatory and experiential learning methods,
setting up demonstration farms where farmers can observe and apply the PalayCheck principles, and
encouraging farmer-to-farmer learning by involving successful adopters as resource persons. Second,
stakeholders are advised to conduct regular consultation meetings with rice farmers in Bulacan to identify
their needs and deliver appropriate interventions, such as extension services and necessary farm inputs.
These efforts aim to ensure that support provided is timely, relevant, and aligned with the farmers’ actual
concerns.
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( Abstract \

This study focused on evaluating the motility rate of semen from Large White and Duroc breeds using
organic semen extenders—specifically coconut water and honey—compared to a commercial
extender used as the control. It explored the composition of these organic extenders, the morphology
of boar semen based on normal fraction, and motility rate, which was assessed using a mobile
computer-assisted sperm analyzer (mCASA). This study employed a Multiple Time Series Design
(MTSD), wherein evaluations were both performed before processing, with the sperm temperature at
35 °C, and after processing. The samples were monitored at 18 °C from 8 a.m. to 8 p.m. at 2-hour
intervals. Monitoring occurred after 2, 4, 6, 8, 10, and 12 hours across all treatments, including the
control. Results showed that honey-based Treatment 4 best preserved motility in Large White boar
semen for up to 12 hours, outperforming all other treatments, including the commercial extender. In
contrast, coconut water-based Treatment 1 maintained high motility in Duroc semen for up to 48
hours, exceeding both commercial and organic alternatives. These findings suggest breed-specific
responses to extenders and highlight the potential of Treatments 4 and 1 as effective, organic option.
Future studies should consider genotype-specific traits to optimize semen preservation.

Keywords: artificial insemination, boar semen, coconut water, Duroc, honey, large white, mCASA,
\organic semen extender, sperm motility, time-series design )

Introduction

Artificial insemination (Al) is a strategically important tool for improving swine genetics, enhancing
reproductive efficiency, disease control, and genetic progress (Waberski et al., 2019). However, Al
success depends on semen viability and quality during storage (Colenbrander et al., 2020). While semen
extenders are essential for sperm survival, synthetic options present costchallenges (Odrada et al., 2023).
This has driven interest in natural, locally available organic alternatives (Machebe et al., 2015; Luther et
al., 2023), which offer affordability, accessibility, and beneficial antioxidant and antimicrobial properties
that reduce sperm damage, extend shelf life, and maintain motility for improved semen quality in swine
production.

Artificial insemination improves genetic diversity, productivity, and breed preservation by
overcoming natural mating limitations, but its effectiveness depends on semen quality (Pardede et al.,
2021). Proper handling and thawing are then essential to maintain this quality (Diwan, 2021). Semen
extenders, whether liquid or powder, support sperm survival by supplying nutrients, maintaining ideal
conditions, and preventing early motility (Chapman, 2016). Coconut water, which is rich in sugars,
nutrients, and antioxidants, shows potential as a natural semen extender by supporting sperm motility and
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protecting against oxidative stress (Wynn, 2017; Banday et al., 2017). Similarly, honey enhances motility
and reduces abnormalities in freeze-thawed semen due to its sugar and antioxidant content, which helps
minimize ice crystal formation (Zaghloul, 2017). These properties may influence the response of Large
White and Duroc boars to such extenders.

Coconut water and honey, due to their natural composition and local availability, are promising
organic alternatives to synthetic semen extenders in the Philippines. Their suitability for small, resource-
limited swine farms in tropical areas makes them ideal for sustainable and cost-effective use—coconut
water supports sperm viability, while honey enhances preservation through its osmotic and antibacterial
properties.

This study explores cost-effective and eco-friendly semen preservation methods suitable for
developing countries like the Philippines, where synthetic extenders are expensive. By using locally
available coconutwater and honey, it supports sustainable and organic farming. The research addresses
a gap in breed-specific studies on organic extenders, focusing on their components and effects on semen
motility over 48 hours, contributing to swine artificial insemination practices.

Objectives of the Study

This study aimed to determine the motility of Large White and Duroc semen using various
formulations of coconut water and honey as organic semen extenders. Specifically, it aimed to:

1. Analyze the biochemical composition of coconut water and honey used as semen extenders, including:

1.1. Moisture;

1.2. Bicarbonate;
1.3. Carbonate;
1.4. Phosphate;
1.5. Total Sugar;
1.6. Crude Protein;
1.7. Calcium;

1.8. Salt (NaCl);
1.9. Sodium; and
1.10. Potassium

2. Evaluate baseline semen characteristics of Large White and Duroc boars, including:

2.1. Ejaculate volume;
2.2. Morphology based on normal fraction;
2.3. Motility based on

2.3.1. Static;

2.3.2. Progressive;

2.3.3. Motile;

2.3.4. Slow; and

2.3.5. Total counts

3. Evaluate the motility rate of semen of Large White and Duroc before and immediately after the addition
of organic extenders, and

4. Compare the motility rate of processed semen of Large White and Duroc using organic extender and
commercially available semen extender across multiple post-processing time points, including:

4.1. After processing

4.2. Two hours after processing (10 a.m.)
4.3. Four hours after processing (12 noon)
4.4. Six hours after processing (2 p.m.)
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4.5. Eight hours after processing (4 p.m.)
4.6. Ten hours after processing (6 p.m.)
4.7. Twelve hours after processing (8 p.m.)

Hypothesis

This study tested the hypothesis that there is no significant difference in the motility rate of
processed semen of Large White and Duroc boars using organic extenders (coconut water and honey)
and a commercial extender. The semen was evaluated at different time intervals after processing, and
after two, four, six, eight, ten, and twelve hours.

Materials and Methods

Research Design

This study used a multiple time series design (MTSD) to evaluate the motility of Large White and
Duroc semen with different organic extender formulations. MTSD, as described by Phan and Ngu (2016)
and Colicev and Pauwels (2018), is ideal for studies where true experiments are not feasible, as it involves
repeated measurements over time across treatment and control groups (Schweizer et al., 2016).
Tshabalala et al. (2021) and Gerzilov and Andreeva (2021) demonstrated this approach by assessing
semen quality at various time points using different extenders, which aligned with this study’s tracking of
motility over 48 hours. Other applications of MTSD, such as those by Monger et al. (2021) and Patrick et
al. (2023), underscore its value in revealing temporal trends. Similarly, this study monitored semen motility
from 8 a.m. on Day 1 to 8 a.m. on Day 3, omitting the 10 p.m. to 6 a.m. period, to examine the effects of
extender type and storage time.

Figure 1

Researcher-Made Model for Semen Evaluation Using MTSD

[

l Large White 1 | Duroc
[ - Semen Collection ‘
l I l 1 l 1 1
| 710 T | T2 T3 T4 T5 T6
80% CE 50% CW 75% CW 80% CW 2% H 25%H 3% H
| 20%PS 50% PS t 25% PS 20% PS 98% PS 97.5% PS 97% PS

[ ; [ | ]

Time Series Evaluation (before processing, after processing, and every 2 hours across treatments
over a 48-hour period)

‘
Data Collection

Legends: T = Treatment H = Honey
CE = Commercial Extender PS = Pure Semen
CW = Coconut Water
The researcher-made model presented in Figure 1 outlines the experimental setup used to assess
the impact of organic extenders (coconut water and honey) on semen motility in Large White and Duroc
breeds. Semen samples were divided into seven treatments (TO-T6), each replicated thrice: TO used a

13 Southeast Asian Journal of Agriculture and Allied Sciences | P-ISSN: 3082-3765 | E-ISSN: 2980-437x | Volume 5 Issue 2



Genotype-Specific Responses of Boar Semen to Organic Semen Extenders in Large White and Duroc Breeds

commercial extender, T1-T3 used coconut water, and T4-T6 used honey. Motility was assessed before
and after processing, then monitored from 8 a.m. to 8 p.m. at 2-hour intervals. Monitoring occurred after
2,4, 6, 8, 10, and 12 hours across all treatments, including the control, and was assessed using the
iSperm CASA device. Treatment protocols, adapted with minor changes from Rodriguez (2016), are
detailed in Table 1.

Table 1

Summary of Different Semen Extenders for Large White and Duroc Semen

Legend Treatment Combination
Treatment O 80% Commercial Extender + 20% Pure Semen
Treatment 1 50% Coconut Water + 50% Pure Semen
Treatment 2 75% Coconut Water + 25% Pure Semen
Treatment 3 80% Coconut Water + 20% Pure Semen
Treatment 4 2% Honey + 98% Pure Semen
Treatment 5 2.5% Honey + 97.5% Pure Semen
Treatment 6 3% Honey + 97% Pure Semen

Each treatment group (TO-T6) consisted of 20 mL samples. TO consisted of 80% commercial
extender (MS DiluFert Silver® in 1L distilled water) with 20% semen. T1-T3 used 50%, 75%, and 80%
coconut water, while T4-T6 contained 2%, 2.5%, and 3% honey, all mixed with 20% semen. These ratios
were based on Rodriguez (2016), who used a 3:1 ratio, with added variations for comparison. Lower honey
concentrations were chosen based on prior studies and preliminary trials showing their efficacy even at
minimal levels (Machebe et al., 2015; Castro et al., 2020; Balogun et al., 2021).

Despite small volumes, honey has been effective in preserving motility and vitality in Large White
and Duroc semen, which are sensitive to thermal and osmotic stress (Pezo et al., 2018). To avoid early
exhaustion and keep sperm alive longer, their metabolic activity mustbe slowed using inhibitors or cooling.
Therefore, semen should be extended shortly after its collection (Lopez Rodriguez et al., 2017; Business
Queensland, 2022; Knox, 2016).

Experimental Procedures

This study was conducted in a laboratory setting, specifically at the Al Laboratory of the
International Training Center on Pig Husbandry (ITCPH), using semen samples from Large White and
Duroc breeds. The sperm samples underwent seven treatments, including the control, and each treatment
was replicated three times to ensure the reliability of the data.

Extender Preparation

The study used a commercial extender (MS DiluFert Silver®) and two organic extenders, coconut
water and honey. The commercialextender came from MS Schippers Europe; standardized coconutwater
of the same maturity level came from a trusted store; and pure honey (THE BEEHIVE Farm and Kitchen)
came from a reputable honeybee farm in Lipa City, Batangas.

The researcher considered MS DiluFert Silver®, which can preserve sperm for up to 3 days, as
the control. Coconut water and honey, on the other hand, were sent to Mach Union Laboratories Inc. and
Lipa Quality Control Center, Inc. for analysis and testing to assess key components of the samples. To
ensure compatibility, extenders were prepared at 35°C, matching the semen’s temperature (Crowell &
Flowers, 2018). A tolerance of +1°C was allowed if exact matching was not possible (Magapor, 2019).
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Collection of Semen Samples

Semen samples used in the study were collected from 1-year-and-2-month-old Large White and
Duroc boars, both common breeds in Philippine swine production. Semen collection began at 8:00 a.m.
following the cleaning of each boar’s penis with distilled water and tissue. Ejaculation was stimulated using
a dummy sow, and semenwas collected carefully to avoid urine contamination.

The semen was filtered to remove gel and debris, then evaluated using a full CASA system. Initial
motility served as the baseline, with greater than 70% considered ideal (Chapman, 2016). It is also
important to note that one Large White boar produced 200 mL and one Duroc 250 mL, which are sufficient
for all treatments. Their semen temperature (35°C) was used to standardize extender preparation.
Samples were stored in sterile, labeled squeeze bottles by breed.

Processing and Evaluation of Semen Samples

After initial evaluation, semen samples were processed using both commercial and organic
extenders at 35 °C, with three replications per setup. Each treatment used no more than 20 mL of semen,
adhering to the proportions shown in Table 1.

For Treatment 0. Before processing, 1 liter of distilled water was heated to 35°C and mixed with
MS DiluFert Silver®, a 3-day commercial extender from MS Schippers Europe. A 20 mL solution was then
prepared, consisting of 80% extender and 20% pure semen.

For Treatments 1, 2, and 3. Coconut water, of the same maturity level and standardized across all
treatments, was sourced from a trusted store, filtered with nylon to remove solid particles, and kept at
35°C. For T1, a 20 mL pure coconut water—semen solution was prepared, containing 50% coconut water
and 50% pure semen. For T2, a 20 mL coconut water—semen solution was prepared, containing 75%
coconut water and 25% pure semen. For T3, a 20 mL coconut water—-semen solution was prepared,
containing 80% coconut water and 20% pure semen.

For Treatments 4, 5, and 6. A 20 mL pure honey (THE BEEHIVE Farm and Kitchen) from a
reputable Batangas farm was mixed with semen to form the honey—semen solution. The honey was
maintained at 35 °C. For T4, the solution contains 2% pure honey and 98% pure semen. For T5, the
solution contains 2.5% pure honey and 97.5% pure semen. For T6, the solution contains 3% pure honey
and 97% pure semen.

Semen motility was assessed immediately using iSperm, a mobile analyzer from Aidmics
Biotechnology (Domain et al., 2022), through the dipping method, which involves immersingthe chip 5mm
into the sample. After analysis, samples were stored at 18 °C and monitored every 2 hours for 2 days,
including the control group.

Monitoring of Semen Samples

After the initial evaluations (i.e., before and after processing), semen samples were monitored at
2,4, 6,8, 10, 12, and 48 hours across all treatments during daytime hours over two days. Motility was
measured using the iSperm device, and proper handling and storage were maintained to ensure accuracy.

Figure 2 shows screenshots from the iSperm device, displaying swine semen under the
microscope along with metadata like treatment, species, date, time, and motility percentage, the latter
being the study’s main focus.
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Figure 2

iISperm Screenshots Showing Swine Semen and Motility Data

Time and Place of the Study

576.23 million/ml Concentration 549.89 million/ml

87.39% Motile 79.41%
Progressive NA% |

The study was conducted at the Artificial Insemination (Al) Laboratory of the International Training
Center on Pig Husbandry (ITCPH) in Marawoy, Lipa City, Batangas, from March 27 to April 2, 2025.
ITCPH, operated by the Department of Agriculture—Agricultural Training Institute (DA-ATI), is the only
swine-specialized training center in Asia, known for its advanced facilities and expert staff in swine
production. Treatments for Large White boars were carried out from March 27-29, and for Duroc boars
from March 31-April 2, with no activity on March 30 due to the center’s Sunday closure. Each experimental
setup lasted 48 hours, from 8 a.m. on the firstday to 8 a.m. on the third.

Materials and Instruments

Table 2

List of Materials and Instruments

Materials and Instruments

Purpose

Large White and Duroc Semen
Coconut Water and Honey
Commercial Extender
iSperm

CASA

Bio Refrigerator (18 °C)
Distilled Water (35 °C)
Dummy Sow

Nylon Filter

10. Squeeze Bottle

11. Measuring Cup

12. Timer

13. Sterile Gloves and Lab gown

CoNOR~LON=

Essential samples for the study

Organic components for semen extenders

Standard benchmark for comparison with organic extenders
For sperm analysis, video capture, and extender calculation.
For sperm morphology analysis

For storing extended semen samples

An addition to both commercial and organic extenders

For stimulating boars during semen collection

For filtering semen samples

For storage of processed semen samples

Used for the precise measurement of solutions and samples
For monitoring the duration of semen evaluation and processing
For aseptic handling and preventing contamination
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Data Gathering Procedure

The study systematically collected and analyzed data on the composition and performance of both
organic and commercial semen extenders, along with the motility rate of boar semen. The coconut water
and honey samples were analyzed for carbonate, bicarbonate, total sugar, and phosphate (as P) at Mach
Union Laboratories Inc., while other components were evaluated at Lipa Quality Control Center, Inc. The
semen of Large White and Duroc boars was initially evaluated at the International Training Center on Pig
Husbandry (ITCPH) using a full CASA system, measuring ejaculate volume, morphology, and motility
rates—including static, progressive, motile, slow, and total counts. Motility rates before and after the
addition of organic semen extenders were assessed using iSperm. Seven treatments (TO to T6), with
three replications each, were compared to the baseline motility of pure semen for both breeds.
Additionally, the motility rates of processed semen using both organic and commercial extenders were
monitored using iSperm at various time intervals: after processing and at 2, 4, 6, 8, 10, 12, and 48 hours.

Statistical Analysis

The data were arranged in Microsoft Excel (2021) and analyzed using SPSS version 20.
Descriptive statistics (mean and percentage) were used to assess coconut water and honey parameters,
including moisture, bicarbonate, carbonate, phosphate, total sugar, crude protein, calcium, salt (NaCl),
sodium, and potassium. Analysis of Variance (ANOVA) was conducted to identify significant differences
in semen motility across seven treatments (TO-T6) at a significance level of 0.005, following tests for
normality and homogeneity of variance. Each treatment had three replicates (n = 3), and Tukey’s HSD
served for post hoc tests. Neither effect sizes nor confidence intervals were computed.

Ethical Consideration

This study adhered to the Animal Welfare Act of 1998, DA Administrative Order No. 40 (s.1999),
and the PALAS Code of Practice for the Care and Use of Laboratory Animals. Boars used in this study
were housed in standard-compliant facilities, and managed by a licensed veterinarian and trained
handlers. Semen collection was conducted humanely, and any signs of animal distress were addressed
promptly. Moreover, institutional and government ethical policies were strictly observed. Research data
were handled securely, findings were reported with transparency, and any ethical issues were disclosed.

Results and Discussion
Composition of Coconut Water and Honey as Organic Semen Extenders

Analysis from Lipa Quality Control Center and Mach Union Laboratories revealed key
compositional differences between coconut water and honey. Mature coconut water had higher moisture
content (94.76%) and bicarbonate levels (66.8 mg/100 g vs. 0.022 mg/100 g), making it more suitable for
hydration and pH buffering. In contrast, pure honey had higher total sugar content (53.6 g/100 g vs. 3.7
0/100 g), providing energy for sperm cells.

These findings align with Hussain et al. (2018) and Baiee et al. (2017), who highlighted the
importance of extender composition in improving sperm viability, motility, and fertilization. Likewise, Pezo
et al. (2018) and Bustani and Baiee (2021) stressed the need for extenders to shield sperm from freeze
shock and oxidative stress by ensuring proper pH and antioxidant levels.

17 Southeast Asian Journal of Agriculture and Allied Sciences | P-ISSN: 3082-3765 | E-ISSN: 2980-437x | Volume 5 Issue 2



Genotype-Specific Responses of Boar Semen to Organic Semen Extenders in Large White and Duroc Breeds

Table 3

Composition of Coconut Water and Honey as Semen Extenders

Compositions Coconut Water Honey
Moisture (%) 94.76 22.01
Bicarbonate (mg/100g) 66.8 0.022
Carbonate (mg/100g) 0 0
Phosphate (mg/100g) 13.3 16.7
Total Sugar (g/100g) 3.7 53.6
Crude Protein (%) 0.43 1.19
Calcium (%; mg/kg) 0.05; 481.21 0.02; 226.26
Salt (NaCl) (%; mg/kg) 0.05; 479.95 0.12; 1,265.58
Sodium (%; mg/kg) 0.02; 195.89 0.05; 474.27
Potassium (%; mg/kg) 0.18; 1,764.10 0.29; 2,947.67

Semen Evaluation of Large White and Duroc Before Processing

The International Training Center on Pig Husbandry (ITCPH) found baseline differences in semen
quality between pure Large White and Duroc boars. Duroc boars had a higher ejaculate volume (250 mL
vs. 200 mL) and total motility (99% vs. 98%), while Large White boars had greater progressive motility
(80.90% vs. 76%). Morphology was nearly identical (71.50% vs. 71.60%).

The observed differences support Czubaszek et al. (2019), who noted intra-ejaculate variability in
morphology, though values remained above the 70% threshold. Duroc’s higher volume aligns with Gorski
et al. (2017), reflecting its known semen quality. Both breeds met standards for morphology and motility,
confirming their suitability for organic extender trials.

Table 4

Evaluation of Large White and Duroc Semen Before Processing

s Large White Duroc
Composition Count Percent of Total Count Percent of Total

Static 4.00 2.00 2 1.00
Progressive 165.00 80.90 219 76.00
Motile 200.00 98.00 285 99.00
Slow 21.00 10.30 36 12.50
Total 204.00 100.00 288 100.00
Morphology 71.50% 71.60%
Ejaculate volume 200.00 250.00

Note. Motile, progressive, and slow are mutually exclusive and were analyzed separately. Morphology is based on the nomal
fraction, which refers to the percentage of sperm with no visible defects in head, midpiece, or tail structure.

Motility Rate of Large White and Duroc Semen Before and After the Addition of Organic Semen
Extenders

Pure Large White and Duroc semen maintained high motility with honey-based extenders,
particularly in Treatments 4 and 6, while coconut water-based extenders resulted in lower and more
variable motility, with Treatment 3 being the least effective. Overall, honey-based extenders outperformed
both coconut-based and commercial extenders in preserving sperm motility.

These results are parallel with studies on bull semen, wherein honey improved cryopreservation
outcomes. Malik (2018) reported enhanced motility and reduced abnormalities with honey-treated bull
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semen, Yimer et al. (2015) found 2.5% honey in Tris extender outperformed Bioxcell, and Chung et al.
(2019) observed breed-specific effects, with Jersey bulls showing the highest sperm quality.

Table 5

Motility Rate Percentage (%) of Large White Pure Semen and After Processing with Organic Extenders

Large White Replicationl Replication2 Replication 3 Mean + SD
Pure Semen 82.31 81.87 83.37 82.52 £ 0.77
Treatment O 68.88 76.48 73.19 72.85+3.81°2
Treatment 1 82.83 74.60 59.45 7229 +11.86°
Treatment 2 62.45 66.70 65.57 65.01 £2.25°¢
Treatment 3 47.36 51.70 48.31 49.12 +2.28 ab.defg
Treatment 4 86.34 82.02 82.64 83.67 £2.34 4¢
Treatment 5 86.14 73.85 86.73 82.24 £7.27 &1
Treatment 6 86.46 87.39 79.41 84.42 +4.36 99

Legend: TO = 80% Commercial Extender + 20% Pure Semen T4 = 2% Honey + 98% Pure Semen
T1 = 50% CoconutWater + 50% Pure Semen T5 = 2.5% Honey + 97.5% Pure Semen
T2 = 75% CoconutWater + 25% Pure Semen T6 = 3% Honey + 97% Pure Semen

T3 = 80% CoconutWater + 20% Pure Semen

Note:  Means sharing the same letter are significantlydifferent(p < 0.05) based on posthoctest.
Pure semen samples were evaluated for baseline matility only and were not included in the post-treatment statistical
comparisons.

Table 6

Motility Rate Percentage of Duroc Pure Semen and After Processing with Organic Extenders

Duroc Replication1 Replication2 Replication 3 Mean + SD
Pure Semen 75.05 82.28 80.47 79.27 £ 3.76
Treatment O 80.66 73.42 66.90 73.66 £6.88 @ d.e
Treatment 1 81.23 79.88 75.68 78.93 +2.89 P:c
Treatment 2 91.51 95.67 97.10 94.76 £2.90 ab.c.f.g
Treatment 3 92.87 91.69 94.74 93.10 +1.54 adf.9g
Treatment 4 90.20 89.77 88.36 89.44 +0.96 2¢©
Treatment 5 77.56 76.97 74.91 76.48 £1.39 ¢ of
Treatment 6 75.46 74.69 77 75.72 £1.18 49
Legend: TO = 80% Commercial Extender + 20% Pure Semen T4 = 2% Honey + 98% Pure Semen
T1 = 50% CoconutWater + 50% Pure Semen T5 = 2.5% Honey + 97.5% Pure Semen
T2 = 75% CoconutWater + 25% Pure Semen T6 = 3% Honey + 97% Pure Semen

T3 = 80% CoconutWater + 20% Pure Semen
Note:  Means sharing the same letter are significantlydifferent(p < 0.05) based on posthoctest.

The initial motility of pure Duroc semen was high and remained viable with the commercial
extender. However, coconut water-based extenders (T2 and T3) yielded even higher motility, sometimes
exceeding that of pure semen, while the honey-based extender (T4) also performed well. Though T1, T5,
and T6 showed slightly lower values, all treatments maintained acceptable motility, with T2, T3, and T4
showing the most promise. Similar findings were reported in other studies, including those by Tshabalala
et al. (2021) and Machebe et al. (2015) on boar semen, and Esguerra et al. (2020) on native chicken
semen. Subsequent monitoring over time further revealed breed-specific trends in extender efficacy.

Motility Rates of Processed Large White and Duroc Semen Using Organic and Commercial
Extenders Across Time Intervals

Immediately after processing and two hours after, significant differences in sperm motility were
observed among Large White semen treatments (F(6,14) = 13.89, p = .001 and F(6,14) = 9.67, p = .001,
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respectively; n = 3 per group), rejecting the null hypothesis in both cases. Treatment 6 (3% honey + 97%
semen) showed the highest initial motility at 84.42%, while Treatment 4 (2% honey + 98% semen) had
the highest motility after two hours at 83.67%, both outperforming the control groups. These results
suggest that honey-based extenders, likely due to their antioxidant and antimicrobial properties, are more
effective in maintaining motility than coconut water or commercial alternatives. Conversely, Treatment 3
(80% coconut water + 20% semen) consistently showed the lowest motility—49.12% initially and 42.05%
after two hours—implying that high concentrations of coconut water may impair sperm viability, possibly
due to osmotic imbalance or suboptimal pH.

Table 7

Motility Rate Percentage of Large White Semen Processed with Organic and Commercial Semen
Extenders from 0 to 12 Hours

Large White
TO T1 T2 T3 T4 T5 T6
After Mean 72.85 72.29 65.01 49.12 83.67 82.24 84.42
processing F-value: 13.89
p-value: .001
After 2 Mean 72.18 72.29 66.57 42.05 83.67 82.25 77.50
hours F-value: 9.67
p-value: .001
After 4 Mean 64.11 79.05 2.12 0.70 80.05 55.59 48.74
hours F-value: 62.78
p-value: .001
After 6 Mean 70.30 35.03 0.33 0.98 66.71 31.57 17.21
hours F-value: 53.58
p-value: .001
After 8 Mean 45.47 29.33 0.05 0.32 72.88 25.44 10.58
hours F-value: 41.31
p-value: .001
After 10 Mean 39.49 31.63 0.00 0.00 71.52 28.17 13.02
hours F-value: 33.89
p-value: .001
After 12 Mean 36.84 44.82 0.00 0.00 69.29 29.28 17.77
hours F-value: 23.90
p-value: .001
Note: The p-value is below 0.05, which indicates high significance;thus, the null hypothesis is rejected.
Legend: TO = 80% Commercial Extender + 20% Pure Semen T4 = 2% Honey + 98% Pure Semen
T1 = 50% CoconutWater + 50% Pure Semen T5 = 2.5% Honey + 97.5% Pure Semen
T2 = 75% CoconutWater + 25% Pure Semen T6 = 3% Honey + 97% Pure Semen

T3 = 80% CoconutWater + 20% Pure Semen

Four and six hours after processing, significant differences in motility rates were observed among
Large White semen treatments (F(6,14) = 62.78, p = .001 and F(6,14) = 53.58, p = .001, respectively; n=
3 per group), leading to the rejection of the null hypothesis in both cases. At four hours, Treatment 4 (2%
Honey + 98% Semen) showed the highest motility at 80.05%, highlighting honey’s potential as an effective
organic extender due to its antioxidant and antimicrobial properties. However, high concentrations of
coconut water proved detrimental, as seen in Treatment 3 (80% Coconut Water + 20% Semen), which
had a motility of only 0.70%. At six hours, although motility declined overall, Treatment 0 (80% commercial
extender + 20% semen) recorded the highest rate at 70.30%, confirming its strong preservation capability.
Treatment 4 followed with 66.71%, maintaining its effectiveness. Meanwhile, Treatment 2 (75% Coconut
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Water + 25% Semen) showed a critically low motility of 0.33%, reinforcing that excessive coconut water
compromises sperm viability.

Eight and ten hours after processing, a significant difference in motility rates was observed among
Large White semen treatments (F(6,14) = 41.31, p = .001 and F(6,14) = 33.89, p = .001, respectively; n=
3 per group), both leading to the rejection of the null hypothesis. In both instances, Treatment 4 (2% Honey
+ 98% Semen) consistently showed the highest motility (72.88% and 71.52%), suggesting that low
concentrations of honey effectively preserve sperm motility over time. Conversely, high concentrations of
coconut water (75-80%) in Treatments 2 and 3 resulted in drastically reduced or no motility, likely due to
osmotic stress or sugar imbalance impairing sperm viability.

Twelve hours after processing, the analysis showed a significant difference in motility rates among
Large White semen treatments (F(6,14) = 23.90, p = .001; n = 3 per group), leading to the rejection of the
null hypothesis. Treatment 4 (2% Honey + 98% Pure Semen) recorded the highest motility at 69.29%,
indicating its effectiveness in preserving sperm viability. In contrast, Treatments 2 and 3, which had high
coconut water concentrations, showed complete immotility, suggesting detrimental effects on sperm. By
the twelfth hour, the honey-based Treatment 4 proved the most effective extender. Treatment 1 showed
inconsistent potential, while coconut water-based Treatments 2 and 3 were ineffective. These results
emphasizethe criticalrole of extender compositionin artificial insemination success for Large W hite boars.

Studies highlight honey’s potential as a natural extender due to its antimicrobial, antioxidant, and
osmo-protective properties, which enhance sperm motility and viability (Arakeri et al., 2020; Machebe et
al., 2015; Gonzalez-Castro & Herickhoff, 2022). However, its effectiveness depends on proper formulation
and concentration. In contrast, high levels of coconut water can reduce sperm quality due to low buffering
capacity and pH imbalance (Sawitri et al., 2021; Tafuli et al., 2024). Organic extenders like honey and
coconut water show promise, but their success relies on optimized composition to maintain semen quality
over time (Mawin-Ray et al., 2025; Lopez Rodriguez et al., 2017; Reckova et al., 2022).

Immediately after processing (F(6,14) = 23.78, p = .001), motility analysis revealed a significant
difference among Duroc semen treatments, with Treatment 2 (75% Coconut Water + 25% Semen)
showing the highest motility at 94.76%, slightly above the baseline and indicating potential extender
effects. This suggests that 75% coconut water may be more effective in preserving motility than the
commercial extender, as Treatment 0 (80% Commercial Extender + 20% Semen) recorded only 73.66%.
Two hours later, a significant difference was again observed (F(6,14) = 3.54, p = .024), with Treatment 2
maintaining the highest motility at 87.80%, although not statistically different from the control, reinforcing
its effectiveness for short-term storage. In contrast, Treatment 6 (3% Honey + 97% Semen) had the lowest
motility at 55.61%, emphasizing how extender composition and concentration influence preservation
efficacy.

Four and six hours after processing, significant differences in motility rates were observed among
Duroc semen treatments (F(6,14) = 35.31, p =.001 and F(6,14) = 13.41, p = .001, respectively; n = 3 per
group), leading to the rejection of the null hypothesis in both cases. At four hours, Treatment 0 (80%
Commercial Extender + 20% Semen) had the highest motility at 79.49%, outperforming all organic
extenders, while Treatment 3 (80% Coconut Water + 20% Semen) showed minimal viability at 3.23%. At
six hours, Treatment O again led with 60.51%, followed by Treatment 1 (57.37%) as the most stable
organic alternative. Meanwhile, Treatment 3 remained ineffective at 2.49%. These results indicate a
general decline in semen quality over time and demonstrate that while commercial extenders perform
best, certain organic options may offer moderate midterm preservation.

21 Southeast Asian Journal of Agriculture and Allied Sciences | P-ISSN: 3082-3765 | E-ISSN: 2980-437x | Volume 5 Issue 2



Genotype-Specific Responses of Boar Semen to Organic Semen Extenders in Large White and Duroc Breeds

Eight and ten hours after processing, a significant difference in motility rates was observed among
Duroc semen treatments (F(6,14) = 27.15, p = .001 and F(6,14) = 7.27, p = .001, respectively; n = 3 per
group), leading to the rejection of the null hypothesis at both time points. Treatment 1 (50% coconut water
+ 50% semen) consistently showed the highest motility—65.26% at 8 hours and 66.23% at 10 hours—
demonstrating superior mid- to late-term preservation. Though not the best in earlier assessments, its
efficacy became apparent over time, likely due to its sustained metabolic support. In contrast, Treatment
3 (80% coconut water + 20% semen) showed drastic motility decline, reaching just 2.73% at 8 hours and
1.58% at 10 hours, indicating poor extender performance.

Twelve hours after processing, the analysis showed a significant difference in motility rates among
Duroc semen treatments (F(6,14) = 50.98, p = .001; n = 3 per group), leading to the rejection of the null
hypothesis. Treatment 1 (50% coconut water + 50% pure semen) showed the highest motility rate at
58.34%, outperforming the commercial extender and highlighting its effectiveness as an organic
alternative. In contrast, Treatment 3 (80% coconut water + 20% semen) showed complete immaotility,
indicating poor preservation.

Table 8

Motility Rate Percentage of Duroc Semen Processed with Organic and Commercial Semen Extenders
from O to 12 Hours

Large White
TO T1 T2 T3 T4 T5 T6
After Mean 73.66 78.93 94.76 93.10 89.44 76.48 75.72
processing F-value: 23.78
p-value: .001
After 2 Mean 73.66 71.81 87.80 76.11 84.52 67.58 55.61
hours F-value: 3.54
p-value: .024
After 4 Mean 79.49 68.25 36.55 3.23 63.61 29.74 33.75
hours F-value: 35.31
p-value: .001
After 6 Mean 60.51 57.37 14.54 2.49 32.13 21.87 18.41
hours F-value: 13.41
p-value: .001
After 8 Mean 57.76 65.26 12.43 2.73 18.60 13.71 17.60
hours F-value: 27.15
p-value: .001
After 10 Mean 37.88 66.23 13.77 1.58 26.33 9.37 26.03
hours F-value: 7.27
p-value: .001
After 12 Mean 40.61 58.34 27.29 0.00 16.84 12.04 15.67
hours F-value: 50.98
p-value: .001
Note: The p-value is below 0.05, which indicates high significance;thus, the null hypothesis is rejected.
Legend: TO = 80% Commercial Extender + 20% Pure Semen T4 = 2% Honey + 98% Pure Semen
T1 = 50% CoconutWater + 50% Pure Semen T5 = 2.5% Honey + 97.5% Pure Semen
T2 = 75% CoconutWater + 25% Pure Semen T6 = 3% Honey + 97% Pure Semen

T3 = 80% CoconutWater + 20% Pure Semen

Studies show that coconut water and honey-based extenders can enhance sperm motility, though
effectiveness varies by breed, concentration, and storage time (Dziekonska et al., 2017; Lopez Rodriguez
et al., 2017; Esguerra et al., 2020). Duroc semen responded better than Large White, indicating breed-
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specific sensitivity. While some organic formulations perform well in the short term, their long-term viability
is limited (Castro et al., 2020; Reckova et al., 2022).

Extender performance depends on formulation stability, buffering capacity, and antioxidant content
rather than the base ingredient alone (Magapor, 2019; Chankitisakul et al., 2023). Treatment 1 consistently
outperformed others, including commercial extenders, supporting the importance of optimized natural
extenders in preserving boar semen (Rodriguez, 2016; Tshabalala et al., 2021).

Conclusion

Matured coconut water aided hydration and pH balance, while honey provided an energy-rich
medium—-both influencing semen motility. Duroc boars yielded more ejaculate with higher total motility,
whereas Large White boars showed greater progressive motility. Honey-based Treatment 4 preserved
Large White semen motility above 70% for 12 hours, while coconut-based Treatment 1 maintained Duroc
semen motility for up to 48 hours, reflecting breed-specific responses to extender composition.

Treatment responses varied by breed: coconut-based extenders worked briefly, while honey-
based maintained motility only for a short time. Duroc and Large White semen reacted differently,
highlighting the importance of breed-specific, balanced formulations. While honey suited Large White and
coconut worked better for Duroc, none preserved motility beyond 48 hours, underscoring the need for
further studies on antioxidants, buffers, and genotype-specific cryoprotectants.

Recommendations

Based on the study’s findings and conclusions, several recommendations are suggested to
enhance swine reproduction and artificial insemination practices. Swine farmers and breeders are
encouraged to consider honey- and coconut water-based extenders for short- to mid-term semen storage,
although these require further validation through multi-site fertility trials and post-Al performance
evaluations. Al centers are likewise advised to explore the gradual adoption of organic extenders as
sustainable alternatives, particularly in contexts where synthetic supplies are costly or scarce. To support
this transition, veterinarians and Al technicians should receive updated training on the preparation and
application of organic extenders, with attention to breed-specific protocols, quality control, and dosing
accuracy. Finally, future research should aim to develop antioxidant-rich, genotype-specific organic
extenders and conduct long-term studies on fertility outcomes, litter size, and overall swine productivity
following Al
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( Abstract \

Health-conscious consumers are increasingly looking for better meat substitutes for everyday
consumption in response to the growing demand for healthier food options. This study evaluated the
physicochemical and sensory properties of Lapanuggets (rabbit meat nuggets), a novel product made
from rabbit meat. A total of 79 panelists participated in a sensory assessment of the product as part
of the study, which used a quantitative research design. Three types of Lapanuggets were created,
namely: Treatment A, which contained more texturized vegetable protein (TVP) combined with rabbit
meat; Treatment B, which had less TVP and more rabbit meat; and Treatment C, which contained
pure rabbit meat. A number of sensory qualities, such as flavor, tenderness, saltiness, meaty aroma,
and general acceptability, were impacted by the amount of rabbit meat in each formulation. Treatment
C received the highest overall acceptability score, according to sensory evaluation. Nonetheless,
there was no statistically significant difference in the scores between Treatment C and Treatment B,
indicating that Treatment B might be a good substitute with less meat. According to the
physicochemical analysis results, all treatments had high water activity (Aw) and moisture content (%
MC), and adding up to 40% TVP had no discernible impact on these parameters. Treatment A's higher
TVP content probably contributed to its much lower cooking yield results when compared to
Treatments B and C. All samples were found to be free of Salmonella and S. aureus by microbial
testing, indicating that they are safe to eat as long as they are handled and stored correctly.

\Keywords: lapan, lapanuggets, physicochemical, rabbit meat nuggets, sensory evaluation )

Introduction

Rabbits (Oryctolagus cuniculus) develop high growth rates. They are categorized as white meat
and have no known adverse health effects. They have lower cholesterol levels compared to other meats
(Jiang et al., 2020). Rabbit meat is low in fat and protein and contains significant vitamins and minerals
essential for human health (Tan, 2020). As cited by Lebas et al. (1997), the tradition of utilization and
consumption of rabbit continues in Mediterranean countries to the present day. In the past, rabbit meat
and carcasses were usually prepared and consumed on occasional feasts and festivals. Since rabbits are
relatively small, the whole carcasses are slaughtered and cut into parts, and they are consumed
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immediately.

In the Philippines, a handful of rabbit farms produce meat for local consumption and use different
recipes using lapan, or rabbit meat (Ozaeta, 2020). Different organizations and government agencies,
including the Association of Rabbit Meat Producers (ARAMP), Rabbit Raisers and Meat Producers
Cooperative (RRMPC), World Rabbit Science Association (WRSA), Department of Agriculture, Bureau of
Animal Industry, National Meat Inspection Service (NMIS), Bulacan Provincial Veterinary Office, and
Bulacan Agricultural State College (BASC), have made efforts to widely promote rabbit farming and
consumption to Filipinos (Veneracion, 2017). In the province of Bulacan, Bulacan Agricultural State
College has entered into a Memorandum of Agreement to collaborate on initiatives aimed at strengthening
the rabbit industry in the Philippines. To support this effort, a rabbitry has been established at BASC to
serve as a facility for research and extension projects.

Nuggets are processed food products made of deboned and ground chicken meat, coated in batter
or breadcrumbs, then deep-fried or baked (deShazo, Bigler, & Skipworth, 2013). Commercially available
chicken nuggets usually contain 50% skeletal muscle tissue, while the remaining composition may include
fat, soft bone fragments, and connective tissues. It is then combined with various ingredients to create a
product (Kravitz, 2016). Due to their palatability and market availability, chicken nuggets have become a
popular food choice across ages. They are readily accessible in many fast-food establishments, appealing
to mass people (Harrison, 2018). Based on studies, consumers frequently opt for fast food due to its
convenience, fast service, and ease of transaction. Common reasons for buying include limited time for
meal preparation, dissatisfaction with home-cooked meals, or a preference on fast-food meals. The most
frequently cited factor is the lack of time to cook (Hamrick & Okrent, 2014).

Nowadays, more people are focusing on the healthy side of eating and are seeking healthier
lifestyle choices and food intake options. According to the study by Dinu et al. (2010), consumers are
adopting new lifestyles and eating habits, becoming increasingly mindful of where their food comes from.

Studies reveal that rabbit meat has better nutritional value than chicken. Rabbit meat is richer in
essential minerals such as calcium and phosphorus, surpassing chicken in mineral content. Rabbit meat
also contains a large amount of good-quality protein. Both chicken and rabbit meat are classified as white
meats based on their pale coloration and comparable nutritional characteristics (Nistor et al., 2013). With
significant similarities between chicken and rabbit meat, both considered white meat, and the proven fact
that rabbit meat is a healthier source of protein compared to chicken, rabbit meat has the potential to
replace chicken-based nuggets with rabbit-based ones.

This study aimed to develop Lapanuggets, a novel product made from rabbit meat, by assessing
its sensory attributes and physicochemical properties, including water activity (Aw), pH, moisture content,
and cooking yield. Microbial analysis was also conducted to identify microbial characteristics influencing
product development. The overall objective was to evaluate the acceptability of rabbit meat nuggets.

Materials and Methods
Materials

Whole rabbit carcasses of New Zealand white rabbits (Oryctolagus cuniculus) were acquired from
Bulacan Agricultural State College Rabbitry. Rabbit carcasses were bought and delivered skinless. The
Procurement Department of Bulacan Agricultural State College supplied ingredients like iodized salt,
ground white pepper, onion powder, texturized vegetable protein (TVP), flour, cornstarch, large eggs, and
vegetable oil.
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Rabbit Meat Nuggets Preparation and Formulation

The rabbit carcasses were initially washed to eliminate unwanted particles or dirt. Then, the lapan
(rabbit meat) was manually deboned and washed thoroughly in running water. Sliced lapan was processed
in a commercial meat grinder to achieve consistent grinding and then run using the commercial blender.
Ground lapan was mixed with other ingredients, seasonings, binders, and TVP. Each nugget was molded
and coated in a batter mixture composed of cold water, eggs, all-purpose flour (APF), cornstarch, ground
white pepper, and onion powder. This preparation method was adapted from the rabbit meat nugget
formulation described by Malav et al. (2013).

Figure 1

Lapanuggets Preparation

d. Portioned Lapan

= N

A L.ipanuggets Actual size

g. Pre-cooked Lapanuggets

Research Design

This study employed experimental research to analyze the panelists’ sensory perceptions and to
develop a new rabbit meat—based product. Three modified Lapanuggets were evaluated: Treatment A,
which included rabbit meat combined with a higher amount of texturized vegetable protein (TVP);
Treatment B, which included more rabbit meat and less TVP; and Treatment C, which consisted of pure
lapan. The researchers’ objective in having different treatments with different ratios of lapan and TVP is
to determine the most acceptable product for the consumers. The sensory evaluation was conducted
through sample product tasting by the panelists. The physicochemical characteristics of Lapanuggets
were determined in terms of the water activity (Aw), pH, moisture content, and cooking yield.
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Sensory Evaluation

The sensory evaluation took place at Bulacan Agricultural State College, located in Pinaod, San
lldefonso, Bulacan. A total of 79 untrained panelists, comprising BASC employees and staff, engaged in
the evaluation utilizing a 9-point Hedonic Scale sensory evaluation form. Untrained consumer panels are
used to identify perceived differences between products and to evaluate their acceptance or preference
(Curtis, 2013). The same panelists evaluated the sample treatments in three (3) replications to ensure
accuracy. Each Lapanugget sample was cut into four (4) smaller pieces weighing approximately 6.25
grams per portion and was placed in white plastic containers. Each treatment was assigned with a three-
digit random code to eliminate any biases and placed in a small container for assessment.

The panelists evaluated the product according to eight sensory attributes: color, crispiness, meaty
aroma, flavor, tenderness, juiciness, saltiness, and overall preference. The samples were subsequently
presented to the untrained panelists, who were directed to consume water before and after each
evaluation of the treatments to cleanse their palates.

Physicochemical Analysis

All physicochemical analyses, such as Aw, pH, moisture content, and cooking yield, were carried
out in triplicate, with results expressed as mean * standard deviation.

Determination of Aw

The samples' water activity was measured using a water activity meter (BIOBASE Smart Water
Activity Meter). The samples were chopped and then placed in the sample container, which was kept
inside the sample chamber. The readings were recorded, and the procedure was conducted in triplicate.

pH Determination

Five (5) grams of Lapanuggets were blended with 45 ml of distilled water (Kim et al., 2015). The mixture
was subsequently filtered, and the pH of the resulting filtrate was determined using a handheld pH meter.
Determinations were performed in triplicate, and the results are presented as mean * standard deviation.

Moisture Determination

The moisture content of the samples was determined using the oven-drying method. Samples
were dried at 105 °C until constant weight was obtained. The loss in weight before and after drying was
recorded as the moisture content.

Cooking Yield

The Lapanuggets were fried at 180 £ 2 °C for 5 minutes, during which the core temperature of the
samples reached 80 + 1 °C. The fried samples were cooled for 1 hour and then weighed to determine the
frying weight. The cooking yield was calculated using the following formula:

, _ Frying weight
YNy ——— =
Cooking yield (%) Initial weight x 100
Microbial Analysis

Determination of Salmonella

To detect the presence of Salmonella, 25 g of Lapanuggets was blended with 225 ml of sterile
lactose broth. Then, it was incubated for 24 £ 2 h at 35 °C. After incubation, 1 ml of the inoculum was
streaked onto pre-poured Bismuth Sulfite Agar (BSA) plates. Plates were incubated in an inverted position
for 24 + 2 h at 35 °C. Afterwards, the plates were checked for the presence of brown, gray, or black
colonies, which confirmed the presence of Salmonella.
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Determination of Staphylococcus aureus

Aseptically, 25 g of Lapanuggets was blended with 225 mL of peptone saline solution. Then, 102
dilutions were made. Each dilution was inoculated in triplicate on a 3M Petrifiim Staph Express Count
Plate. The plates were incubated at 35 °C for 24 + 2 hours, after which red-violet colonies were counted.

Statistical Analysis

Analysis of variance (ANOVA) was performed using Minitab software to determine statistically
significant differences among the Lapanuggets treatment groups. This statistical method evaluated
variations within and between groups to determine whether observed differences in sensory attributes and
other measured parameters are attributable to treatment effects rather than random chance. A
significance level of p < 0.05 was employed, suggesting that any observed difference had a probability of
less than 5% occurring by random chance.

Tukey's Honestly Significant Difference (HSD) test was conducted to determine which treatments
differed significantly. This post-hoc analysis assessed mean differences between treatments and identified
significant variations. Tukey’s test is effective for multiple comparisons as it minimizes the risk of Type |
errors (false positives). The application of ANOVA and Tukey'’s test facilitated a precise assessment of
the sensory and physicochemical properties of Lapanuggets, aiding in identifying the optimal formulation.

Results and Discussion
Sensory Evaluation of Lapanuggets

Table 1 presents the results of the sensory evaluation of Lapanuggets. No significant differences
were observed in terms of color, crispiness, and juiciness. These attributes are influenced by the uniform
coating applied and by the chemical reactions that occur during frying. All samples used the same quantity
and ingredients for coating. Moreover, the treatments were fried at the same cooking temperature and
exposed for the same duration. Hence, these attributes were not significantly affected. Moreover, Hidayat
et al. (2017), substituting beef sausage with up to 40% texturized vegetable protein (TVP) results in only
minor color changes and has minimal impact on physicochemical and sensory attributes, as well as on
the protein profile analyzed by SDS-PAGE. Treatments A, B, and C of Lapanuggets exhibit similar color
due to all treatments being coated with the same mixture of flour, eggs, and batter.

During cooking, meat undergoes various chemical reactions that generate volatile compounds
responsible for its characteristic aroma and flavor (Park & Choi, 2024). These reactions include the
Maillard reaction between free amino acids and reducing sugars, Strecker degradation of amino acids,
lipid oxidation, and thiamine degradation. Compounds produced during these chemical reactions,
combined with the naturally occurring substances present, such as nucleotides, contribute to the meaty
aroma and flavors (Yuan et al., 2021). Maillard reactions and Strecker degradation involve amino acids;
these reactions produce heterocyclic compounds, such as pyrazines, and other sulfur-containing
compounds, such as methanethiol and dimethyl sulfide, which contribute to the meaty aroma and flavor
(Park & Choi, 2024). Texturized vegetable protein (TVP) has a different amino acid composition than rabbit
meat, leading to a weaker Maillard reaction. It also undergoes Strecker degradation but produces little to
no meaty aroma or flavor (Li & Li, 2020). Although rabbit meat is lean, it still contains small amounts of
intramuscular fat (Cullere et al., 2022) that may undergo lipid oxidation. While TVP, on the other hand, is
fat-free, making it less aromatic.

As shown in Table 1, juiciness refers to the amount of moisture and fat released when chewing.
During frying, moisture is lost, making the nuggets drier. No significant differences were observed among
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the treatments in terms of juiciness. Since all treatments were subjected to the same temperature and
duration of frying, the amount of moisture retained was not significantly different (Sen & Karim, 2011).

Table 1

Mean Sensory Scores of Lapanuggets

Attributes Treatment A Treatment B Treatment C
Color 6.79 £1.48 6.69 £ 1.67 6.90 £ 1.55
Crispiness 5.96 £ 1.86 6.12+1.72 6.40£1.94
Meaty Aroma 6.70 £ 1.70° 6.84 + 1.58% 7.18 £ 1.542
Juiciness 6.37 £1.79 6.78 £1.51 6.61 +1.63
Flavor 6.63 + 1.60° 6.99 + 1.47° 7.18 £1.482
Tenderness 6.52 +1.76° 6.96 + 1.402 6.90 + 1.64%®
Saltiness 6.71 + 1.34° 6.96 + 1.46® 7.12 £1.37°8
Overall Acceptability 6.69 + 1.56° 6.97 + 1.44%® 7.25+1.37°2

Note. Values are presented as Mean * Standard Deviation. Means in a row that do not share a letter are significantly different at
a 5% level of significance (p < .05). Sensory scale: 1.00-1.89 = dislike extremely, 1.90-2.78 = dislike very much, 2.79-3.67 =
dislike moderately, 3.68-4.56 = dislike slightly, 4.57-5.45 = neither like nor dislike, 5.46-6.34 = like slightly, 6.35-7.23 = like
moderately, 7.24-8.12 = like very much, 8.13-9.00 = like extremely. Treatments: A = 60% rabbit meat + 40% texturized vegetable
protein, B = 80% rabbit meat + 20% texturized vegetable protein, C = 100% rabbit meat.

Increasing rabbit meat produces a stronger meaty aroma and flavor. This agrees with the study by
Bakhsh et al. (2021), patties prepared without TVP received higher scores for sourness, bitterness,
umami, and richness compared to the other formulations. Treatment C, which contains 100% rabbit meat,
has a significantly higher meaty aroma than Treatment A, while Treatment B does not differ significantly
from the other two treatments. Moreover, Treatment C exhibits the strongest meaty flavor among all

treatments.

In terms of saltiness, treatment C obtained a significantly higher sensory value than treatment A,
while treatment B was not significantly different from the two other treatments. Hence, increasing the
amount of rabbit meat results in higher sensory acceptance concerning saltiness. Treatments C and B,
which contain greater amounts of rabbit meat, show a reduced perception of saltiness, likely due to the
increased lysine content. Lysine is an essential amino acid naturally present in meat. A study conducted
by Vidal et al. (2020) found that adding lysine to salted meats reduces their salty taste, thereby increasing
the product's sensory acceptance.

Tenderness of Lapanuggets refers to how easily it breaks apart when chewed, and this may be
influenced by the rabbit meat and TVP structural properties and the processing methods used. Treatment
B (with 20% TVP) differed significantly from Treatment A (with 40% TVP), while Treatment C did not
significantly differ between treatments. Since rabbit meat is lean and contains a small amount of fat, the
Lapanuggets are slightly firmer. This result is attributed to the varying levels of TVP. Treatment A with
higher TVP content (40%) likely caused a drier, firmer texture and reduced tenderness. Treatment B, with
a minimal TVP content of 20%, had a more balanced moisture and protein content, resulting in greater
tenderness. Treatments C and B exhibit similar tenderness characteristics. These findings suggest that
excessive TVP can reduce tenderness by drying the product, while moderate TVP levels maintain better
texture in rabbit meat nuggets. On the other hand, TVP is usually made from soy and other plant proteins
that can also increase the firmness of nuggets. However, excessive use may lead to a drier texture (Hong
et al., 2022).

Treatments B and C have higher amounts of lean rabbit meat, resulting in better cooking yields
than Treatment A. The rabbit meat’s high protein and low fat content helps to retain moisture during
cooking. Treatment C, having the highest rabbit meat percentage, obtained the highest scores in sensory
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attributes. According to Frunza et al. (2023), rabbit meat’s high water-holding capacity leads to lower
cooking loss and better yield compared to other lean meats like hare. From a cost perspective, Treatment
B which comprises 80% of rabbit meat and 20% of textured vegetable protein (TVP), may effectively
replace Treatment C in terms of cost. The TVP in treatment B, serves as a meat extender, which may
lower production costs by reducing the reliance on pure rabbit meat. Additionally, since the overall
acceptability scores of Treatments B and C do not differ significantly, Treatment B may be considered
more suitable for production while efficiently reducing the cost of rabbit meat nuggets.

Physicochemical Characteristics of Lapanuggets

Table 2 displays the result of the physicochemical analysis of Lapanuggets. The incorporation of
TVP at levels up to 40% did not significantly affect the water activity (Aw), pH, and moisture content (%
MC). This result is consistent with the findings of Yogesh et al. (2012), who found no significant differences
in pH, water activity (Aw), or moisture content in the quality of chicken nuggets when all samples were
subjected to the same cooking conditions. The same result was observed by Falahudin et al. (2020) where
the pH of rabbit nuggets with different amounts of tofu dregs flour was not significantly affected.

The main ingredients of Lapanuggets were rabbit meat and texturized vegetable protein (TVP).
These influenced the product’s final pH, which ranged from 6.04£0.01 to 6.11+0.04. Rabbit meat
typically has a pH ranging from 5.6 to 5.8, depending on the breed and age (Kumar et al., 2023). On the
other hand, TVP which is derived from soy flour and is high in fiber and protein (Hackett, 2021) generally
has a pH of 6.4 to 6.8 likely due to the inherent pH of soy flour (Victor-Aduloju et al., 2022).Texturized
vegetable protein (TVP) is commonly used as an extender for ground meat to lower costs without reducing
the nutritional value. The pH value is an important property of meat products as it affects the meat
product's capacity to retain moisture (El-Anany, 2020).

Table 2

Results of Physicochemical Tests

Parameters Treatment A Treatment B Treatment C
Water Activity (Aw) 0.928 + 0.021 0.892 + 0.010 0.872 + 0.006
pH 6.10 £ 0.04 6.11 £ 0.04 6.04 +£0.01
Moisture Content (MC, %) 62.69 + 0.03 61.73 +£0.01 58.20 £ 0.01
Cooking Yield (%) 74.00 +1.0° 81.82 +£2.192 76.27 +£1.892

Note. Values are presented as mean + standard deviation (SD). Means in a row that do not share a superscript letter differ
significantly at the 5% level of significance (p < 0.05).

All treatments have high Aw and moisture content (%MC), as presented in Table 2. In comparison,
a study by Arshad et al. (2017) reported that nuggets made with chicken have a water activity of 0.775 to
0.827, which is lower compared with that of Lapanuggets which ranged from 0.872 to 0.928. Likewise, the
commercially available chicken nugget (Sharima-Abdullah et al., 2018) has a moisture content of 57.93%,
while that of the lapanuggets ranges from 58.20% to 62.69%. The slight differences may be attributed to
the type of meat and ingredients used.

Products with Aw higher than 0.85, high moisture content, and high in nutrients such as protein, are good
mediums for microbial growth. Thus, proper handling and storage of the finished product are needed to
avoid post-contamination. In terms of cooking yield, Treatments B and C had significantly higher cooking
yields than Treatment A. These differences may be due to the higher proportions of rabbit meat in
Treatments B and C. Rabbit meat is high in proteins (Dalle Zotte, 2002), this property allows meat to retain
more water during cooking which contributes positively to cooking yield of the meat products (Huff-
Lonergan & Lonergan, 2005).
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Microbial Analysis
Results of Microbial Analysis

S. aureus can cause severe food poisoning, but this bacterium can be easily killed by heat and
sanitizing agents. Hence, its presence in processed foods indicates poor sanitation. No visible growth of
S. aureus was found at the 107! dilution, indicating that proper handling during the processing of
Lapanuggets was observed.

Salmonella is one of the most frequently reported foodborne diseases worldwide. All treatments
were negative for Salmonella and conformed to the microbial standards of FDA Philippines. Therefore, all
treatments are safe to consume after production, provided they are properly stored.

Table 3

Microbial Quality of Lapanuggets

Microorganisms Treatment A Treatment B Treatment C  Microbial Standards
Salmonella /25 g Negative Negative Negative Negative
S. aureus (cfu/g) <10 <10 <10 1,000-10,000

Note. Microbial standards were based on FDA Circular No. 2013-010.

Conclusion

The study used different ratios of rabbit meat and texturized vegetable protein (TVP) to assess the
acceptability, physicochemical characteristics, and microbiological safety of three Lapanuggets (rabbit
meat nuggets) treatments. The highest ratings for meatiness, tenderness, flavor, and saltiness were
consistently given to Treatment C, which was made entirely of rabbit meat. It also had the highest cooking
yield due to the greater proportion of rabbit meat. These outcomes can be attributed to the exceptional
gualities of rabbit meat, including its high protein content, low fat levels, fine muscle fiber structure, and
mild flavor profile, which enhance overall palatability and texture.

Even though Treatment C received the highest ratings, statistical analysis revealed no discernible
variations in overall acceptability when contrasted with Treatment B, which included TVP as a meat
extender and contained less rabbit meat. This implies that Treatment B may be a useful and cost-effective
substitute, providing similar sensory attributes with less meat and lower production expenses. Lower
sensory scores and cooking yield were observed in Treatment A, which had the highest level of TVP. This
was probably because of reduced water retention and changed texture brought on by the higher extender
content.

The pH, moisture content (%MC), and water activity (Aw) of all treatments did not differ
significantly, according to physicochemical analyses. High moisture and Aw values were found in all
samples, suggesting that these parameters are not significantly impacted by TVP inclusion of up to 40%.
According to microbial analysis, all treatments were found to be free of Salmonella and S. aureus, meeting
FDA food safety standards and being safe for ingestion when handled and stored appropriately.

The study supports rabbit meat's potential for value-added product development in addition to
highlighting its functional benefits in processed meat products. For consumers who are concerned about
their health, rabbit meat nuggets present a promising alternative due to their nutritional profile and positive
customer feedback.

Overall, while rabbit meat is not yet a popular choice for consumption, several studies show that it
is highly nutritious and can contribute to a healthy lifestyle. Producing rabbit meat nuggets helps introduce
the product to consumers in an appealing form, increasing awareness and encouraging broader
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acceptance. This study aims to show that rabbit meat is safe to eat and can serve as a healthier alternative
to more commonly consumed meats.

In terms of cost, Treatment B, using 80% of Rabbit meat and 20% of TVP can be a replacement
for treatment C because of the presence of the TVP, which acts as a meat extender and may lower the
cost of production since Treatment B does not contain pure rabbit meat.

Recommendations

According to the sensory evaluation, Treatment C had the highest acceptability rating of all the
samples, making it a strong candidate for further product development and enhancement. To support this,
future studies should examine its water-holding capacity, which is crucial for maintaining the product's
texture and juiciness over time. In order to preserve freshness and shelf life without compromising
nutritional value, future research can focus on ways to enhance crucial characteristics like tenderness,
crispiness, and overall texture. However, since Treatment B exhibits a more cost-effective formulation with
comparable sensory quality, it is recommended that further research be done on this treatment as a
potential replacement for the pure rabbit meat version.

It is also recommended to conduct Quantitative Descriptive Analysis (QDA) to determine the
intensity of the sensory attributes (color, crispiness, meaty aroma, flavor, tenderness, juiciness, and
saltiness). Results from the QDA can be statistically correlated with those results obtained from
consumers’ acceptability test to better understand consumer preferences. This correlation would provide
insights into the specific intensity levels of each attribute that corresponds to high acceptability scores,
thereby helping to define target sensory profiles for product optimization.
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[ Abstract \

The COVID-19 pandemic greatly disrupted conventional agricultural training programs, prompting the
Provincial Agriculture Office (PAO) of Bulacan to implement the Virtual Farmers’ Field School (VFFS)
on vegetable production in 2021. This study evaluated the extent to which smallholder farmers
integrated vegetable production practices taught through the VFFS and analyzed how socio-
demographic profiles, farming characteristics, and perceived challenges influenced their application
of these practices. A total of 90 VFFS graduates from eight cities and municipalities in Bulacan were
surveyed using a structured questionnaire. The research assessed practice application across four
key production stages: land preparation, planting, crop management, and harvesting. Results
revealed a generally high level of practice integration, particularly in planting, crop management, and
harvesting. A statistically significant negative relationship was found between age and the degree of
practice use, indicating that younger farmers were more receptive to the virtual training format and
more likely to apply the recommended technologies and techniques in their farming activities. These
findings highlight the effectiveness of virtual agricultural extension programs in improving farming
practices among smallholder farmers, especially when supported by enabling systems. To further
promote inclusivity and long-term sustainability, the study recommends strengthening digital
infrastructure, enhancing farmers’ digital literacy, and institutionalizing a hybrid approach that
combines online and in-person learning.

Keywords: digital literacy, integration, smallholder farmers, vegetable production practices, Virtual
Farmers’Field School

- J

Introduction

The Farmers’ Field School (FFS) is a proven patrticipatory training method that enhances
smallholder farmers' skills through hands-on, in-field learning. Traditionally conducted face-to-face, FFS
encourages peer learning and adoption of improved practices. However, the COVID-19 pandemic
disrupted these sessions, prompting the need for digital alternatives. In response, the Provincial
Agriculture Office of Bulacan launched the Virtual Farmers’ Field School (VFFS) on vegetable production
in 2021, using online lectures, discussions, and demonstrations over 12 weeks across eight municipalities.
While innovative, the effectiveness and sustainability of the VFFS in rural areas remain underexplored.

Literature points to key challenges in digital agricultural training, including limited internet access,
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low digital literacy, and poor infrastructure in rural communities. Although online platforms offer flexibility,
there is limited evidence on their real-world impact on behavior change and productivity, especially in the
Philippine context. The pandemic further exposed weaknesses in agricultural extension services,
reinforcing the need for resilient, adaptive learning systems. Without proper evaluation, the ability of virtual
platforms like the VFFS to maintain farmer engagement and support lasting change remains uncertain.

Understanding how farmers perceive and adopt virtual training is essential. The Diffusion of
Innovations Theory explains that adoption depends on perceived advantages, compatibility, complexity,
trialability, and observability. Similarly, perception theory suggests that farmers’ attitudes and behavior are
shaped by how they interpret their experiences—positive or negative. Studies by Salar (2020) and
Maghinay and Guro (2024) show that farmers’ perceptions of training clarity, accessibility, and usefulness
strongly influence adoption. This highlights the importance of evaluating both perceptual experiences and
actual outcomes in digital training programs like the VFFS.

Given this context, there is a critical need to evaluate the implementation and adoption of virtual
training models within the agricultural sector, especially among smallholder farmers in developing regions.
This study seeks to fill this gap by assessing the level of adoption and key factors influencing the uptake
of VFFS technologies and practices in vegetable production in Bulacan, Philippines. Specifically, it
explores the relationship between farmers’ socio-demographic profiles, farming characteristics, and
perceived challenges, and how these factors shape their engagement with VFFS.

By providing empirical evidence on the effectiveness and limitations of virtual agricultural training,
this study contributes to the growing body of knowledge on digital extension models. The findings aim to
inform policymakers, extension workers, and development practitioners in designing more inclusive,
context-sensitive, and resilient training strategies that are responsive to the evolving needs of farming
communities in the post-pandemic era.

Materials and Methods

Research Design

This study employed a correlational research design to determine the relationship between
farmers’ socio-demographic profiles, farming characteristics, and perceived challenges, and their level of
adoption of practices introduced in the Virtual Farmers’Field School (VFFS) on vegetable production. The
independent variables included age, sex, civil status, education, income source, household size, farming
experience, tenurial status, crop types, land area, yield, irrigation source, and organizational affiliation.
The dependent variable was the level of adoption of VFFS practices, measured across key stages of
vegetable farming.

Study Setting and Time Frame

The study was conducted in the province of Bulacan, Philippines, focusing on eight cities and
municipalities where the Virtual Farmers’ Field School (VFFS) on vegetable production was implemented.
These areas were selected based on the presence of VFFS graduates and active vegetable production
activities. Bulacan is located in Central Luzon, a key agricultural region in the country, and serves as a
major supplier of vegetables to nearby urban markets, including Metro Manila.

Data collection took place from January to March 2025, following the completion of the VFFS cycle
conducted in 2021. (See Figure 1: Map of Study Sites in Bulacan, Philippines).
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Figure 1

Map of Bulacan, Showing the Eight Municipalities and Cities Where the Study was Conducted

San Jose del Monte City
Meycauayan City

* Obando

Sampling Procedure and Participants

A total of 90 out of 120 individual vegetable farmers who completed the Virtual Farmers’ Field
School (VFFS) program were selected as respondents using purposive sampling. These respondents

represented the full population of graduates from the eight selected municipalities and cities in Bulacan
where the program was actively implemented. The selection was based on accessibility and relevance to
the study objectives. The distribution of respondents per municipality is presented in Table 1.

Table 1

Number of VFFS Graduates by City/Municipality Included in the Social Research

No City/ Municipality Population Sample

1 Hagonoy 15 11
2 Pulilan 13 10
3 Baliwag City 14 11
4 Bustos 14 11
5 Plaridel 19 14
6 DRT 15 11
7 Bocaue 15 11
8 Pandi 15 11

Total 120 90

Research Instrument and Validation

The primary data collection tool was a researcher-developed questionnaire, validated by a panel
of subject matter experts in vegetable production and extension education. The questionnaire was pre-
tested with 25 VFFS graduates from eight cities and municipalities who were not part of the main study
sample. Reliability analysis using Cronbach’s alpha produced a coefficient of 0.964, which demonstrates
excellent internal consistency.
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The questionnaire was structured into three sections. The first section gathered socio-
demographic and farming profiles of the respondents, including information such as age, sex, educational
attainment, farming experience, crop types, yield, and other relevant background details. The second part
addressed the perceived hindrances encountered during the implementation of the VFFS. This section
utilized a 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree) and covered aspects such as
internet connectivity, material sufficiency, training quality, provision of agricultural inputs, and the
performance of Agricultural Extension Workers (AEWSs). The third part measured the level of adoption of
farming practices introduced through the VFFS, also using a 5-point scale (1 = Not Adopted to 5 = Fully
Adopted). It covered four key stages of vegetable production: (a) pre-planting and planting, (b) crop
management and maintenance, (c) harvest and postharvest handling, and (d) farm management and
record-keeping.

Data Collection Procedure

Prior to data collection, permission was formally secured from the Provincial Agriculture Office
(PAO) of Bulacan. Coordination was established with PAO field staff and Agricultural Extension Workers
(AEWS) to assist in identifying and reaching VFFS graduates. Data collection was carried out through
focus group discussions, semi-structured interviews, and the use of validated questionnaires.
Supplemental tools such as an interview guide, notepad, and digital camera were used to support
documentation and field notes.

Statistical Analysis

In accordance with the objectives of the study, this research used the following statistical tools to
analyze the data gathered:

The percentage and frequencies were used to determine the socio-demographic and farming
characteristics of farmers including age, sex, civil status, educational attainment, source of income,
household size, organizational affiliation, tenurial status, years in farming, crops planted, area planted,
and average yield of crops per cropping cycle, as well as source of irrigation. To identify the level of
perception of respondents on hindrances in the implementation of VFFS, and level of adoption, mean and
standard deviation were used. To examine the relationship between respondents’ profiles, such as sex,
civil status, educational attainment, source of income, household size, tenurial status, years in farming,
organizational affiliation, farm size, average yield per cropping, source of irrigation and their level of
adoption, ANOVA was used. To measure the relationship between age, perception on hindrances, and
level of adoption of the respondents on VFFS, Pearson Product-Moment Correlation was used.

Ethical Consideration

This research adhered to ethical standards for human subject research. The respondents were
informed of the study’s purpose, and their informed consent was obtained prior to data collection.
Respondents were assured of the confidentiality and voluntary nature of their participation, and all data
were anonymized prior to analysis. Ethical approval was obtained from the local research ethics review
board affiliated with the academic institution overseeing the study.

Results and Discussion
Socio-Demographic Profile of Participants

The study explored the socio-demographic characteristics of the farmer-respondents, focusing on
variables such as age, sex, civil status, educational attainment, sources of income, household size, and
organizational affiliation. As shown in Table 2, the profile of the 90 participants in the VFFS on vegetable
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production in Bulacan offers a comprehensive overview of the individuals involved in the program.
Understanding these demographic traits is essential for evaluating their engagement with and potential
responsiveness to digital agricultural training.

Table 2

Socio-Demographic Profile of VFFS Graduates

Variable Indicators Frequency (f) Percentage (%)
Age 18-35 9 10.00
36-55 39 43.33
56 and above 42 46.67
Sex Male 48 53.30
Female 42 46.70
Civil Status Single 1 1.10
Married 86 95.60
Separated 3 3.30
Educational Attainment Elementary Graduate 11 12.20
High School Graduate a7 52.20
College Graduate 32 35.60
Source of Income Farming 83 92.20
Non-farming 7 7.80
Household Size 1-3 members 55 61.11
4—-6 members 35 38.89
Affiliation Farmers’ Association 90 100

Table 2 presents that majority of the 90 farmer-respondents were older adults, with 46.67% aged
56 and above, highlighting the aging trend in Philippine agriculture. This aligns with Guay et al. (2025),
who noted that an aging farming population may face challenges in adopting digital technologies like the
VFFS. Both sexes were well-represented (53.3% male, 46.7% female), reflecting balanced gender
participation, which is consistent with the study of Wagayen (2024), who examined the involvement of
both male and female respondents in agricultural and natural resource activities.

Most respondents were married (95.6%), indicating that farming remains a family-oriented
livelihood. Velza et al. (2023) reported that most of their respondents were married, affirming the common
link between family life and farming in rural communities. In terms of education, 52.2% were high school
graduates and 35.6% had completed college, showing strong potential for technology adoption. This is
supported by Red et al. (2021), who found that more educated farmers tend to be receptive to modem
farming methods.

Farming was the main income source for 92.2% of respondents, underscoring their dependence
on agriculture. Maghinay and Guro (2024) highlighted that full-time farmers are generally more responsive
to training programs like the Farmers’ Field School. Most households (61.11%) had 1-3 members, which
may limit farm labor but also encourage adoption of labor-saving technologies. This supports the findings
of Velza et al. (2023) regarding the influence of household size on farming decisions. Moreover, all
respondents were members of farmers’ associations, which, according to Velza et al. (2023), play a crucial
role in enhancing access to extension services and promoting the adoption of innovations such as the
VFFS.

Farming Characteristics of Farmers’ Respondents

This research examined the farming characteristics of the farmer-respondents in terms of tenurial
status, years in farming, crops planted, area cultivated, average yield, and source of irrigation. Table 3
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effective (M =4.82, SD = 0.439), topics were clearly explained (M = 4.86, SD = 0.3418), and time allocation
per topic was followed (M = 4.78, SD = 0.4104). All results showed low standard deviations, indicating
high consistency in responses.

The findings indicate that the VFFS in Bulacan was effectively delivered and received very high
levels of satisfaction from farmer-participants. Key factors contributing to this success included reliable
internet access, quality multimedia materials, clear instruction, and efficient time management
Participants gave the highest ratings to the clarity of training objectives and the timeliness of the topics
served. They also strongly agreed that the training was well-structured, logically organized, and clearly
communicated.

Logistical arrangements such as safe and comfortable venues, sufficient materials, and
satisfactory food were also rated highly. Farmers positively evaluated the adequacy of inputs like
vegetable seedlings, fertilizers, and tools, emphasizing the importance of timely support in motivating
adoption of practices. Furthermore, AEWs were praised for regular monitoring, timely feedback, and
technical assistance, reinforcing their critical role in program success.

Overall, the study shows that well-organized digital training, adequate resource provision, and
active AEW involvement significantly enhance learning outcomes, satisfaction, and technology adoption
in agricultural programs.

Level of Adoption of the VFFS on vegetable production among Farmer-Respondent

This research examined the level of adoption of the Virtual Farmers’ Field School on vegetable
production among farmer respondents. This assessmentaimedto determine participants’ level of adoption
in the pre-planting and planting stage, crop management and maintenance, harvesting and postharvest
handling and farm management and record-keeping. Table 5 indicates that farmer participants
consistently applied proper agricultural practices across all stages of vegetable production with average
mean (M = 4.70, SD =0.3017).

The assessment of agricultural practices under the VFFS showed strong adoption of key
techniques across different stages of farming, though some areas still need improvement.

In terms of pre-planting and planting practices, farmers gave the highest ratings to proper land
preparation and appropriate plant spacing, indicating strong adherence to fundamental agronomic
practices. However, soil testing received the lowest score, suggesting it was less commonly
implemented—Iikely due to limited awareness, accessibility, or emphasis during training. This highlights
the need to strengthen soil health education and practical demonstrations within the VFFS.

For crop care and irrigation, the highest-rated practice was ensuring that irrigation water was clean
and sufficient, reflecting effective water management and an understanding of its importance in vegetable
farming. In contrast, the relatively lower score for the cautious use of chemical pesticides may indicate a
growing interest in natural alternatives, though it also suggests a limited access to organic methods or
adequate training in integrated pest management (IPM).

In assessing postharvest practices, participants strongly agreed on the importance of harvesting
crops at the right time, which supports optimal yield and product quality. However, the use of proper
harvesting tools received a lower score, pointing to potential gaps in access or knowledge. This suggests
the need for better provision of tools and targeted postharvest training to reduce losses and improve shelf
life.
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Table 5

Level of Adoption of the VFFS on Vegetable Production Among Farmer—Respondents

Standard Verbal

Statement Mean  peviation Description

Pre-Planting Stage
Conduct of soil tests before preparing the field to ensure the

healthy and suitability of the soail for planting. 4.31 0.7591 Always
Choose or use of high-quality seeds/seedlings for productive
crops 4.81 0.4471 Always
Proper preparation of the planting area according to correct 4.89 0.3806 Alwavs
methods ' ' y
Ensure proper spacing between plants to allow them to grow 4.89 0.3806 Alwavs
well and avoid overcrowding ' ' y
Use of appropriate type and amount of fertilizer and applying it
at the right time 4.80 0.5446 Always
Crop Management and Maintenance
Ensure that the source of irrigation water is clean and sufficient 478 0.5145 Always
for the crops
Use of the right tools and equipment to water the field properly.  4.56 0.7512 Always
Keeping crops healthy by avoiding plant diseases and pests 474 0.552 Always
Only use chemical pesticides if there is no other solution and
needs to be done as soon as possible. 4.50 0.7968 Aways
Use of prepared/made organic pesticides to protect crops 467 0.687 Always
naturally.
Harvesting and Post-Harvest Handling
;;r(\j/estlng of crops at the right time to get the best quality and 4.89 0316 Always
Taking _ into account the customer’s preference when 484 0.4216 Always
harvesting crops.
Using proper harvesting tools to keep the quality of crops 452 0.7225 Always
Following proper post-harvesting methods to maintain the
quality of the harvest 4.84 0.4216 Always
Storing harvested crops in the right conditions to avoid spoilage
and waste 4.84 0.4216 Always
Farm Management and Record-Keeping
Maintaining well-organized and up-to-date farm records for 452 0.7225 Alwavs
efficient management ' ' Y
Accurately recording daily expenses and income to track cash
flow and profitability RGN Always
Regular monitoring _o_f operational records to assess the 471 0.5853 Always
progress of farm activities
Reviewing f|n_anC|aI records to support effective budgeting and 459 0.6686 Always
informed decisions _ .
Ensuring accuracy and consistency in all farm records to 4.70 0.608 Always

improve transparency and accountability
Legend: 1.00-1.80 = Never, 1.81-2.60 = Rarely, 2.61-3.40 = Sometimes, 3.41-4.20 = Often, 4.21-5.00 = Always

Lastly, the evaluation of farm recordkeeping revealed that farmers are actively monitoring their
operational records, demonstrating a commitment to informed decision-making. Despite this, maintaining
well-organized and updated records remains a challenge. Factors such as limited time, lack of training,
and the absence of standardized recordkeeping tools may be contributing to this gap.
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Sustaining and institutionalizing the VFFS programs post-pandemic is also encouraged, especially in
remote or underserved communities where face-to-face training remains difficult. A hybrid training model
that combines online and in-person sessions is suggested to accommodate diverse learning preferences
and further improve training effectiveness.

To strengthen the impact of VFFS, the study also recommends enhancing the performance and
follow-up support of Agricultural Extension Workers (AEWS), as their technical assistance and regular
monitoring were found to be critical for adoption. Additionally, given the relatively low adoption of certain
practices such as soil testing and consistent farm record-keeping, further emphasis on these components
should be integrated into future training cycles. Improving access to affordable soil analysis services and
providing user-friendly recordkeeping tools could encourage broader adoption.

Lastly, to foster sustainability and generational continuity in agriculture, the study suggests
encouraging youth participation in digital agriculture programs. This may be achieved through school-
based agricultural curricula or the promotion of youth-led agri-enterprises aligned with virtual learning
platforms.

For future research, scholars may consider exploring the long-term behavioral and productivity
impacts of VFFS, conducting comparative studies on the effectiveness of hybrid versus traditional
extension models, analyzing how various demographic factors influence technology adoption, and
assessing the scalability and cost-efficiency of VFFS in other regions or crop sectors. These directions
can help refine virtual extension strategies and inform more inclusive and sustainable agricultural
development policies.
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/ Abstract \

This study examined the performance and challenges experienced by fourth-year Bachelor of
Science in Hospitality Management (BSHM) students at Bulacan Agricultural State College during
their on-site and online laboratory classes in Academic Year 2020-2022. A descriptive research
design was employed, and the data were collected from 60 randomly selected students using a
structured survey instrument aligned with CHED CMO No. 62 program outcomes. The questionnaire,
administered via Google Forms, was validated and showed excellent internal consistency, with
Cronbach’s a = 0.944 for online and Cronbach’s a = 0.918 for on-site learning. The study gathered
quantitative data on students’ academic performance, learning environment, psychological well-
being, technological access, time management, financial concerns, and social interaction.
Descriptive statistics, frequencies, means, and standard deviations were used to summarize the data.
To compare student experiences across modalities, non-parametric tests were employed after the
normality assumptions for t-tests were not met. The results revealed statistically significant
differences in psychological (p = 0.020) and environmental (p = 0.000) challenges, with online
learners reporting more difficulties. However, no significant differences were identified in performance
outcomes (GWA = 2.01 online vs. 2.03 onsite; p = 0.340) or in technology access, time management,
financial issues, or social interaction. Thus, the study contributes to the understanding of how learning
modality affects student well-being in practice-based programs such as hospitality management.
While academic performance remained constant, the psychological and environmental burdens of
online learning suggest the need for targeted interventions, such as institutional strategies to
strengthen student support systems, particularly in virtual laboratory-based courses.

Keywaords: challenges, compare, hospitality management, laboratory, online, onsite, performance,

\students /

Introduction

In the latter part of 2019, the unanticipated outbreak of the Covid-19 pandemic changed the
learning and teaching system. Almost all educational institutions that relied on traditional knowledge and
teaching methods shifted to online learning and instruction. The shift from classroom-based or traditional
systems to online learning during the COVID-19 pandemic drew increased attention from researchers,
who examined how teachers and students handled the new system. Many questioned the efficacy of the
online system in terms of the skills and knowledge needed by the students, especially the Hospitality
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Management students.

According to CHED Memorandum No. 62, the Hospitality Management program should equip
students with the competencies needed to execute operational tasks and management functions in food
production (culinary), accommodation, food and beverage services, events management, and product
development. In the study by Hafeez et al. (2021), the COVID-19 pandemic prompted the shift to online
learning and teaching in Pakistan, revealing that teachers and students faced numerous problems. Most
of them were not satisfied due to problems and challenges they have encountered. In addition, Dinakaran
(2021) stated in his study that the COVID- 19 led online hospitality education in India had a substantial
impact on the delivery of quality hospitality education by certain influencing factors such as content quality,
timeliness, completeness, format and accessibility, learner motivation, and self-efficacy. It also increased
the complexity of the whole process. Students gain essential skills for their future through the Internet and
education (Al-Salman & Haider, 2020). Several comparative studies, including those by Lockman and
Schirmer (2020), Pei and Wu (2019), and Gonzalez-Gomez et al. (2016), have examined to determine the
effectiveness of online or hybrid learning versus traditional in-person teaching methods.

Sadhale and Joshi (2021) stated that hotel management programs are designed in a way that
prioritizes practical content. Students are keener to have hands-on experience, or they carry notions that
when they enroll in this program, they will be able to achieve all the things that they aspire to. The lockdown
situation was challenging for both students and teachers. In response, online learning options were made
available, but teaching the practical components of the program remained difficult.

In light of the COVID-19 pandemic, fourth-year Hospitality Management students experienced a
combination of on-site and online learning in their laboratory subjects, which brought about several
challenges and adjustments. The internet and education have been integrated to equip people with the
skills required for the future (Al-Salman & Haider, 2020). Online and in-person instruction are combined
in blended learning, while the fully online approach denotes that the course material is distributed entirely
online. Students find online education convenient since they have access to materials around the clock
(Stern, 2020). Online learning makes education more student-centered, where students actively
participate in the learning process and teachers serve as mentors and advisers (Al-Salman et al., 2021).
However, students also face issues like missing face-to-face interaction, getting distracted by digital
devices, and having limited access to technology and the internet. Remote learning can both enhance
and hinder student engagement and academic performance. It offers students more flexibility, online
resources, and personalized learning opportunities (Wallace, 2023).

Numerous comparison studies have been conducted to demonstrate the point and investigate
whether online or hybrid learning is more effective, or whether face-to-face or traditional teaching
techniques are more effective (Lockman & Schirmer, 2020; Pei & Wu, 2019; Gonzélez-Gémez et al.,
2016). The findings indicate that students fare better in online learning than in conventional learning. The
challenges educators experience when transitioning from an offline to an online form of teaching were
emphasized by Henriksen et al. in 2020. Several research studies on online learning have also examined
student happiness, e-learning acceptance, factors influencing the success of distance learning, and
learning effectiveness (Sher, 2009; Reeve & Lee, 2014; Yen et al., 2018).

In addition, Gamage et al. (2020) stated in their study that during the pandemic, an increasing
number of universities and colleges took steps to convert their teaching modalities, including laboratory
activities, into an online or blended mode of delivery. However, when classes are suspended, students in
hospitality management encounter challenges in acquiring competencies that meet industry benchmarks
(Carreon-Monterola et al., 2019). Regardless of the actions taken, universities and colleges must continue
to maintain their high academic standards and provide a high-quality student experience to ensure the
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delivery of learning outcomes associated with each degree program.

Therefore, Rincon-Flores et al. (2024) found that incorporating innovations such as Adaptive
Learning positively influences student learning and development by integrating aspects of a flipped
classroom, self-regulated learning, and microlearning into an Adaptive Learning Strategy. The
implementation of instructional tools such as video tutorials, interactive modules, and simulation-based
learning has proven effective in addressing the challenges posed by class suspensions (Labrado et al.,
2020). These tools may be considered in the implementation of future class suspensions or interruptions.

Hence, this study provides an initial understanding of how various teaching modalities affect the
academic performance of hospitality management students during COVID-19, particularly for laboratory
subjects such as Bread and Pastry, Western Cuisine, Catering, and Bar Management. It focuses on the
students' demographic profile, challenges encountered, and performance level during their online and on-
site laboratory subjects. The study aimed to identify areas where students struggled, which could help
establish effective teaching strategies for conducting both onsite and online laboratory subjects for
Hospitality Management students.

Materials and Methods

The study employed a descriptive research design targeting fourth-year Bachelor of Science in
Hospitality Management students enrolled at Bulacan Agricultural State College from 2021 to 2022. The
main instrument used to evaluate the performance level of the students during their on-site and online
laboratory subjects was a self-designed survey questionnaire based on CHED CMO No. 62 program
outcomes. A structured questionnaire was used to assess the challenges encountered by HM students
during their on-site and online class experiences. It was then transferred to Google Forms to be distributed
to the respondents. To support the study, journals, articles, published undergraduate theses and
dissertations, books, and other relevant materials were utilized.

To assess the reliability of the questionnaires, the study applied Cronbach’s Alpha, which produced
reliability scores of 0.944 for online learning and 0.918 for on-site learning. These scores indicate an
excellent level of internal consistency within the survey instruments used. Participation in the survey was
strictly voluntary and anonymous, creating an environment where students could engage openly and
honestly without fear of repercussion. This approach was important in ensuring the reliability and validity
of the findings, as it fostered a sense of trust and encouraged truthful responses from the participants.

The researchers used a simple random sampling approach. To determine the sample size of the
students, Cochran’s formula was applied. Initially, the goal was to reach 95 students out of 125; however,
only 60 students participated in the survey due to limitations related to internet access and technology. A
response rate of 63 percent is considered reliable, especially when strong sampling techniques and well-
validated tools are utilized. Heale and Twycross (2015) and Karnia (2024) emphasize that achieving a
target is not sufficient; reliability also depends on minimizing bias and ensuring consistent results.

In social research surveys, Babbie (2007) stated that a 50% response rate may be regarded as
acceptable, while Richardson (2005) suggested that the desirable response rate should be at least 60%.
In addition, in fields such as health sciences, response rates above 60% are generally regarded as reliable
and are commonly used to establish validity. Furthermore, Sataloff and Vontela (2021) noted that
acceptable response rates can vary between 40% and 75% across different specialties, while the Journal
of the American Medical Association requires a minimum response rate of 60%.

The data collection process was comprehensive, involving the gathering of demographic
information to understand the background of the respondents. Furthermore, the researchers conducted
statistical analyses of the survey responses to pinpoint specific difficulties that students faced in both on-
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site and online class environments. The analysis yielded vital descriptive statistics, which included
frequency counts, percentages, means, and standard deviations, providing a clear picture of students’
experiences.

For comparative analyses between the two learning modalities, namely on-site and online
classrooms, t-tests were utilized, allowing for a deeper understanding of performance differences. The
assumption of normality for the t-test was assessed by examining the normality of the data and the
homogeneity of variance. Given that the data did not meet the assumption of normality, and recognizing
the importance of obtaining valid statistical results, the researchers decided to use non-parametric
statistical tests for the analyses. Non-parametric tests are robust alternatives that do not rely on
assumptions about the distribution of the population from which the sample was drawn, making them
appropriate for the data.

Results and Discussion

Table 1

Socio-Demographic Profile of the Respondents

Variable Frequency Percentage (%)
Age 20 14 23
21 24 40
22 15 25
23 5 9
24 2 3
Sex Female 42 70
Male 18 30
Civil Status Single 60 100
Employment Status Full-time students/Unemployed 26 43.34
Part-Time/Online Selling 2 3.33
With Work 32 53.33
Total N 60 100

The findings from the study on BSHM fourth-year students provide valuable insight into how socio-
demographic factors can influence academic experiences. With a demographic breakdown showing 30%
male and 70% female participants, the majority of students, at 53.33%, were employed, which could
potentially affect their academic focus and performance. This indicates that students are balancing work
with their studies, which could lead to divided attention and increased stress. The fact that 43.34% of the
respondents were regular students who were unemployed suggests a commitment to their education,
although the small percentage (3.33%) engaged as part-time online sellers while studying indicates that
most students prioritized their studies over work.

Acheampong's study (2023) emphasizes that sociodemographic characteristics and parents'
socioeconomic status significantly impact students' academic achievements. The results indicate that 60%
of students' circumstances were influenced by these factors, alongside the 57% influence from parents'
socioeconomic status during the COVID-19 outbreak, which aligns with the trends observed in the BSHM
study. These effects could mean that these factors play a crucial role in determining how both employed
and unemployed students manage their studies. Thus, the relationship between the socio-demographic
factors and academic performance among BSHM fourth-year students is truly relevant to understand. This
can guide interventions aimed at supporting students, promoting academic success, and addressing the
needs of those balancing work and studies.
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Table 2

Respondents’ Online Platform/s Used for Asynchronous Class or Virtual Meetings

Respondent’s Online Platform Frequency Percentage (%)
1. Google Meet 20 33.30
2. Google Meet, Zoom 19 31.70
3. Google Meet, Zoom, and Facebook 21 35.00
Total 60 100.00

Most of the students utilized a combination of Google Meet and Zoom (31.7%) and a combination
of Google Meet, Zoom, and the Facebook platform (35%) for their online studies. In comparison, 33.3%
relied solely on Google Meet for online classes. Thus, Google Meet emerged as the most commonly
utilized online learning platform during asynchronous sessions.

This was supported by the study of Santiago et al. (2022), among synchronous online classes,
Google Meet was utilized by 78% of the students, who demonstrated proficiency in using this platform.
This proficiency may be attributed to Google Meet's accessibility and compatibility across various devices.

Table 3

Respondents’ Devices Utilized During Online Classes

The Devices Utilized During the Online Class Frequency Percentage (%)
Cellphone 40 66.70
Cellphone and laptop 20 33.30

Total 60 100.00

According to the findings, 33.3% of the respondents used a laptop and a mobile device for their
asynchronous lessons. In contrast, 66.7% of participants relied solely on a mobile device for their online
classes. This underscores the increasing dependence on portable technology for learning.

Kutty (2022) reported that 70% of students had access to a device for online study, whereas 13%
did not. Most students used their smartphones for academic purposes, and 17.1% had network issues.
The majority of students took online classes using their parents' mobile devices.

Table 4
Respondents’ Source of Internet

Source of the Internet Frequency Percentage (%)
Mobile data 25 41.70
Wi-Fi 27 45.00
Wi-Fi and mobile data 8 13.30

Total 60 100.00

A significant portion of the respondents, specifically 45%, reported that they primarily depended
on Wi-Fi connectivity to participate in their online classes. In contrast, 41.7% relied on mobile data for
internet access during these sessions. Interestingly, only 13.3% of the respondents used both Wi-Fi and
mobile data interchangeably for their online learning experiences.

Educational institutions should consider developing mobile-friendly course materials and platforms
to enhance accessibility and engagement. Since a significant percentage of students rely solely on mobile
devices for their online classes, ensuring that all digital resources are optimized for mobile use can
improve accessibility and the overall learning experience.
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The study by Obligar et al. (2021) highlighted that internet access is highly valuable for
respondents; however, various challenges can hinder students' learning potential in the current situation.

The Challenges Students Encounter During Their On-Site and Online Laboratory Classes

The results show the challenges encountered by BSHM students during their on-site and online
classes in their laboratory subjects. With a p-value of 0.020, which is less than 0.05, there is a statistically
significant difference in psychological challenges between onsite and online learning environments. The
negative Z-score, based on positive ranks, indicates that students experience significantly more
psychological challenges in the online learning environment compared to the onsite environment.

Table 5

Respondent’s Challenges Encountered During the On-Site and Online Class

Challenges Learning Mode Mean Standgrd z-value p-value Remarks
Deviation
Technological Onsite 3.20 .81 -0.827 408 Non-Significant
Online 3.11 .92
Time Management Onsite 3.05 .81 -0.132 .895 Non- Significant
Online 3.09 .79
Financial Onsite 2.97 .86 -1.094 274 Non-Significant
Online 3.09 .94
Psychological Onsite 3.02 .85 -2.39 .020 Significant
Online 3.38 .76
Social Interaction Onsite 3.77 .89 -1.53 124 Non-Significant
Online 3.59 .78
Learning Environment Onsite 3.20 .64 -3.85 .00 Highly Significant
Online 3.68 .79

Note. Value significant at 5% refers to a p-value less than 0.0375 or p < 0.05.

Aligning with the study of Barrot et al. (2021), the findings indicated that college students
experienced various online learning challenges in terms of both type and extent. Their most significant
challenge was related to their home learning environment, while the least challenging aspect was
technological literacy and competency. This finding is supported by Quillon and Kurniawan’s (2023) study,
which revealed that university students who had a negative perception of the online learning environment,
particularly concerning assignments, interaction with lecturers and peers, available facilities and
equipment, home conditions, and physical classes, tended to experience poorer mental health.

Moreover, another challenge faced by students is the learning environment, with a p-value of 0.000
(less than 0.05), indicating a highly statistically significant difference in the challenges faced within this
environment. The negative Z-score, resulting from positive ranks, suggests that students encounter more
challenges in the online setting compared to the onsite setting.

Aroonsrimarakot et al. (2022) identified several significant challenges in online learning, including
distractions from other websites, a poor understanding of lesson context, unreliable internet connections,
time management issues, difficulties during online exams, a lack of motivation, unsuitable home study
environments, and complications with assignments. Contributing factors included noise distractions,
inadequate teacher technical skills, disorganized content, and technological issues affecting audio or
video quality.

In the area of technology, the p-value is 0.408, which is greater than the standard significance level
of 0.05. For time management, the p-value is 0.895, which is significantly greater than 0.05. In terms of
financial challenges, the p-value is 0.274, which is also greater than 0.05. Finally, for social interaction,
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the p-value is 0.124, which again exceeds 0.05. These results indicate that there is no statistically
significant difference in the challenges encountered by students during On-Site and Online classes across
these factors.

These results emphasize the psychological and environmental challenges faced by students in
online learning compared to onsite classes, while also highlighting that certain areas remain consistent
across both modalities. Vergara et al. (2023) found that, aside from housekeeping, student laboratory
activity accomplishments in terms of culinary and kitchen essentials were moderate. Their concluding
finding stated that although there is no significant correlation between students' self-efficacy in terms of
housekeeping skills and their actual performances in laboratory activities, and their attainments in
laboratory activities, there exists a significant correlation between students' self-efficacy in terms of
knowledge and their actual performances in laboratory activities, as well as their attainments in these
activities.

Performance Level of the Students During Their On-Site and Online Laboratory Subjects

Table 6

Difference in Students’ Performance Level on Onsite and Online Learning

Learning Mode Mean GWA Standard Deviation z-value p-value Remarks
Onsite 2.03 .391 -.95 .340 Non-significant
Online 2.01 404

Note. Value significant at 5% refers to a p-value less than 0.0375 or p < 0.05.

The findings show the difference in students' performance levels between onsite and online
learning modalities. Students engaged in online learning had a somewhat better General Weighted
Average (GWA) of 2.01 compared to those participating in onsite learning, which had a GWA of 2.03.
However, since a lower GWA indicates better academic performance, the difference between the two
groups is minimal. The z-score of -0.95 suggests that the difference is less than one standard deviation
from the mean. The p-value of 0.340 is above the significance level of 0.05, indicating that the difference
is not statistically significant. Therefore, there is no substantial difference in student performance between
onsite and online learning modalities; both approaches appear to yield comparable academic outcomes.

A study by Wells et al. (2022) found no significant difference in learning outcomes between the
methods of course delivery. This indicates that both on-site and online modalities can be effectively used
for laboratory subjects. However, with a General Weighted Average (GWA) of 2.03 for on-site courses
and 2.01 for online courses, it is essential to refine teaching methods to improve the performance levels
of BSHM students. Thus, Legaspi et al. (2022) discovered that face-to-face instruction is the most effective
teaching method for conducting HM laboratory courses, which serves as a foundation for developing skill
competencies. Their findings revealed a significant difference between the teaching methods in terms of
(1) the learning practices utilized in the HM laboratory courses for each teaching modality, (2) student
engagement and effort in each teaching method, and (3) the improvement in skill competencies of
students under each teaching modality.

Conclusion

The study on BSHM fourth-year students provides valuable insight into how sociodemographic
factors can influence academic experiences. With a demographic breakdown showing 30% male and 70%
female participants, the majority of students, at 53.33%, were employed, which could potentially affect
their academic focus and performance. This indicates that students are balancing work with their studies,
which could lead to divided attention and increased stress. The fact that 43.34% of the respondents were
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regular students who were unemployed suggests a commitment to their education, although the small
percentage (3.33%) of those who worked as part-time online sellers while studying indicates that most
students might be prioritizing their studies over work. Most of the students relied on portable technology
for their online classes, primarily using platforms like Google Meet. The results highlight significant
psychological and learning challenges faced in online modality compared to onsite learning, as shown by
the statistically significant differences in p-values. Despite these challenges, the academic performance,
measured by General Weighted Averages (GWA), shows that students in online learning performed
similarly to their onsite counterparts, indicating no substantial difference in their learning outcomes.
Overall, while online learning has evident unique challenges, it also proves to be a feasible mode of
education, allowing students to maintain comparable academic performance. This study suggests that
teaching modalities may need to address the psychological and environmental challenges presented in
online learning in order to enhance the overall educational experience for students.

Recommendations

The researchers recommend that future research should examine how psychological challenges
in online learning affect BSHM students over the long term. This includes looking at their academic
motivation, retention rates, and readiness for careers. Strengthening the student support system,
especially for mental health, and creating conducive learning environments are essential. Although this
study found similar academic performance in both online and onsite learning, there is a need to investigate
the quality of practical skills and students’ improvement, especially in hospitality courses that require
laboratory work. Researchers should also assess how blended learning models can improve both
theoretical knowledge and practical skills. Additionally, it is essential to investigate how specific teaching
methods can help address challenges in online learning and enhance student engagement. Given the
impact of sociodemographic factors, future studies should analyze how gender, job status, and the type
of learning device affect the educational experience. Understanding the preparedness of institutions and
the availability of support systems for online and hybrid learning, particularly in settings with limited
resources, is also crucial. Finally, a long-term study tracking graduates’ ability to apply their skills in real-
world hospitality settings can provide valuable insights into the effectiveness of different teaching
modalities.
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(" Abstract )

The present study investigated the potential use of giant African land snail (GALS) in formulating an
efficient and low-cost diet for laying Japanese quails. A total of 90 five-week-old female laying
Japanese quails were reared under controlled conditions with three treatments and three replications
using completely randomized design (CRD). The feed formulation is apportioned to the following diet
treatments: T1 - formulated feeds as control, T2 - formulated feeds + 30% GALS, and T3 - formulated
feed + 60% GALS. The results of the study revealed that T3 significantly excelled in terms of average
total eggs produced (39.70), average egg weight (10.01 g), average feed consumption (1,298.73 g),
and average color of the egg yolk (5.02). In addition, T3 proved to be the most effective in terms of
feed conversion ratio (32.78 g), cost-return analysis with an ROI of 49.79%, and had the lowest cost
of formulated feeds at 23.58 per kilogram in comparison with the other treatment. It was concluded
that 60% of GALS is the optimum level for best laying performance of Japanese quail. Furthermore,
the researchers highly recommended the use of 60% GALS and encourage further studies to explore
higher substitution levels for fishmeal.

Keywords: Achatina fulica, alternative protein source, production performance

. J

Introduction

The global demand for quail products is steadily increasing, with the Asia-Pacific region
experiencing particularly rapid growth due to rising meat consumption (Tyagi et al., 2025). This region
also holds the largest revenue share in the quail egg market (Business Research Insight, 2025), with
countries such as China, Japan, Thailand, and the Philippines being some of the consumers of quail egg
products. The adaptability of quails to diverse climates and their potential for scalable production make
them a promising component of the poultry industry. In the Philippines, Philippine Statistics Authority [PSA]
(2018) recorded an increase in the quail production of nearly eight-fold from 300,000 birds in 1980 to 2.3
million in 2012, raising its farm scale production fivefold.

Additionally, quail eggs have been an important part of Filipino cuisine since the 17th century,
making them one of the country’s staple foods and part of its culture. Locally known as “pugo”, quail meat
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and egg are commonly enjoyed as street foods and traditional dishes. Quail eggs are not only delicious,
but also highly nutritious. It offers more protein, phosphorus, iron and vitamins A, B1, and B2 than any
other poultry. These health benefits make them an excellent option for individuals with diabetes (Amit,
2019). Meanwhile, Tsuji and Javier (2023) showed that rising demand has fueled production, solidifying
its place in the Philippine poultry industry. Among these producers, Veneracion (2020) stated that Bulacan
was one of the crucial players, hosting numerous farms dedicated to quail egg production.

Despite its growth, quail farming in the Philippines faces challenges, including disease outbreaks,
poor brooding and management practices, and difficulty accessing affordable high-quality feeds (Lima et
al., 2022). Feeds and protein play a critical role in the laying performance of quails. A well-balanced diet
ensures consistent egg production, strong eggshell quality, and overall reproductive health. Studies
indicate that protein levels between 18% and 22% can influence egg yield, yolk pigmentation, and even
income over feed cost (Cuaresma et al., 2021). Additionally, quails require essential vitamins and minerals
such as calcium and phosphorus to maintain optimal laying efficiency (Nakyanzi, 2025). Thus, addressing
feed ingredient fluctuations is crucial for maintaining production efficiency.

A viable alternative protein source for poultry is the Giant African Land Snail (GALS), scientifically
known as Achatina fulica, which is rich in protein and suitable for livestock feed (Diarra, 2015). It was
originally introduced to the Philippines by the Japanese during World War Il as a food source (Fontanilla
et al., 2014), and has since become one of the world’s most invasive species. Ranking second on the 100
of the World's Worst Invasive Alien Species list, this snail poses a threat to public health, biodiversity, and
agriculture (Global Invasive Species Database, 2024). It feeds on more than 500 plant species, including
cassava, cocoa, papaya, and peanuts, leading to significant crop losses that affect farmers' livelihoods.

Controlling the spread of this pest is crucial for safeguarding crops and maintaining a stable food
supply. Rather than ftreating it solely as a threat, incorporating GALS into poultry feed presents an
opportunity to turn its presence into a productive resource (lIfill, 2016).

Thus, the general objective of the study was to evaluate GALS as a partial substitute for fishmeal
in the diet of Japanese quail while also offering farmers a sustainable way to mitigate the damage caused
by this invasive species. Specifically, it aimed to formulate a low-cost diet for laying quail; identify which
treatment provided the highest total number of produced eggs; determine the characteristics of quail egg
in terms of weight and yolk color; identify which treatment achieved the best feed conversion ratio (FCR);
and find out which treatment obtained the highest return on investment (ROI).

Materials and Methods
Locale of the Study and Collection of Test Material

The experiment was conducted at the College of Agriculture, Bulacan Agricultural State College,
located in Poblacion, San lldefonso, Bulacan. GALS were collected from their natural habitats within the
area of San Miguel and San lidefonso, Bulacan. As nocturnal species, these snails remain hidden during
the day and only become active at night or after rainfall. They thrive in various habitats like forest edges,
agricultural lands, wetlands, disturbed areas and even urban environments (Atwood, 2024). Unlike
cultivated snails, wild GALS vary in age and size and have a diverse diet, influenced by the local vegetation
and organic matter within their surroundings. San lldefonso and San Miguel, Bulacan feature diverse
landscapes, including flat agricultural plains and hilly terrains that support both farming and residential
activities (The Bulacan, 2024). This makes the location suitable for a wide range of animal species,
including GALS.
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Experimental Diet Preparation

The collected snails were initially kept in a container for three days to minimize dirt and mucus
buildup. They were then thoroughly washed to remove any remaining debris and secretions. After
cleaning, the snails were boiled for 10 minutes, and the meat was separated from the shells. The entrails
were carefully removed, and the remaining meat was thinly sliced. To reduce moisture content, the sliced
snail meat was sun-dried for one hour, followed by oven-drying at 150°C for eight minutes. The drying
process was completed once the meat became crisp and fully dehydrated. The dried meat was then
pulverized using a blender and sifted through a fine sieve to ensure uniform particle size. The final product,
referred to as pulverized GALS, was stored in airtight plastic containers to maintain its quality and prevent
moisture absorption. The replacement of fishmeal with GALS was determined based on the specific
percentage allocation for each treatment.

All feed ingredients, presented in Table 1, were procured locally, individually weighed, and
proportioned according to the experimental treatments. To ensure even nutrient distribution, molasses
and corn were first mixed, followed by the addition of rice bran (D1), fishmeal, copra meal, GALS (for T2
and T3), soybean meal, salt, limestone, mono-dicalcium phosphate, DL-methionine, and lysine. The
mixture was processed in batches using a large mixer for 10 minutes, then pelletized using a pelletizing
machine. The pellets were allowed to cool to room temperature before being packed into separate sacks
according to their designated treatment rations (T1, T2, and T3).

Table 1

Composition of Experimental Ration and Calculated Analysis

Ingredients % T1 (Control) T2 (30% GALS) T3 (60% GALS)

Corn 58.10 55.68 53.39
Fish meal 5.30 3.71 212
Copra meal 2.1 2.03 1.96
Molasses 1.00 1.00 0.80
Rice bran D1 410 6.10 7.97
SBM, USHP 25.40 26.30 27.30
Limestone 3.24 3.09 2.58
Salt 0.30 0.15 0.20
Mono-dicalcium phosphate 0.25 0.15 0.30
DL-Meth 0.10 0.10 0.10
Lysine 0.10 0.10 0.10
GALS - 1.59 3.18
Total 100 100 100
Calculated Analysis

ME (Kcal/kg) 2900 2900 2900

C. Protein (%) 19.96 19.96 19.99

C. Fat (%) 3.62 3.64 3.65

C. Fiber (%) 3.67 3.73 3.79

Ca. (%) 1.87 1.61 1.39

Analysis of the GALS diet supplement

As shown in Table 2, the GALS samples were submitted and tested for proximate analysis at the
Precisione International Research and Diagnostic Laboratory, Inc., located along San Jose-Marilao Road,
Sta. Rosa 1, Marilao, Bulacan.
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Table 2

Proximate Analysis of GALS

Parameter Test Method Result
Crude Protein (%) Dumas 19.82
Crude Fat (%) Extraction 4.49
Crude Fiber (%) ANKOM Bag Technique 0.34
Ash (%) Loss on Ignition 4.05
Moisture (%) Oven Drying 12.58
Metabolic Energy (cal/g) Bomb Calorimetry 3,326.28

Experimental Design and Treatments

The study utilized a Completely Randomized Design (CRD) as its research method. This involved
three treatments and three replications for each treatment. A total of 90 five-week-old female quails were
used as the experimental animals in the study, with each treatment replication consisting of 10 quails.

Nutrient Specification for Japanese Quail

Table 3 presents the nutritional requirements of Japanese quail, which were in accordance with
the specifications of the 4th edition of the Philippine Society of Animal Nutritionist (PhilSAN) Feed
Reference Standards published in 2010. This entails the specified dietary parameters affecting the growth
and utilization of laying quails.

Table 3

Nutrient Recommendation for Japanese Quail

Nutrient Layer/Breeder

Me: Protein ratio 145
Energy, ME (Kcal/kg) 2900
Crude protein (%) 20.00
Calcium (%) 2.50
Phosphorus (%) 0.35
Salt (NaCl) (%) 0.15
Linoleic acid (%) 1.00
Amino acids

Lysine (%) 1.00

Methionine (%) 0.45

Met + Cys (%) 0.70

Trytophan (%) 0.19

Source: PhilSAN, 4t Edition. (2010). Feed Reference Standards
Management Practices
Housing

The experimental area was thoroughly cleaned and disinfected a week before the quails arrived.
The experiment was conducted in three-layer stacked cages, measuring 55 inches in height, 60 inches in
length, and 24 inches in width. Each cage replication measured 12 inches in height, 24 inches in width,
and 20 inches in length. Of the total height, 8 inches were designated for the quail cage, while the 4 inches
were allocated for collecting manure or droppings. The quail house had floor elevation of 19 inches. The
cage was divided into nine units, each stacked layer consisting of three units with 10 quails randomly
selected per unit. A sloped floor made of plastic chicken wire was used to help the eggs roll out into the
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egg catcher located outside each cage. Additionally, lighting and radio were installed to reduce stress,
with incandescent bulbs used as the artificial light source.

Feeding Acclimatization

The formulated feed was introduced to the quails on a twice-daily schedule starting at five weeks
of age. Feed acclimatization was followed to minimize stress and help the quails adapt to new food
sources. The process of acclimatization was as follows:

On the first day, the quails were exclusively fed a commercial diet. On the second and third days,
the feed composition was modified to 75% commercial feed and 25% formulated feed. This ratio was
adjusted to 50% commercial feed and 50% formulated feed on the fourth and fifth days. By the sixth and
seventh days, the diet consisted of 25% commercial feed and 75% formulated feed.

From the eighth day onward, the quails were maintained on the experimental diet for the duration
of the study. Feeding was closely monitored to optimize production efficiency and ensure proper intake.
The diet was provided ad libitum, with weekly assessments of feed consumption levels.

Provision of Drinking Water

Clean fresh water was kept readily available without restrictions to keep the quail hydrated and
prevent diseases that could affect their laying performance and capacity throughout the duration of the
study. The waterer was located at the back of the quail cage.

Sanitation Practices

The feeder and waterer were cleaned regularly to prevent bacteria and diseases that could affect
the quail. Manure was also removed regularly to eliminate unpleasant odors and maintain a clean
environment.

Measurement of Production Performance

Eggs were collected twice daily; once in the morning before feeding the quail, and again in the
afternoon after feeding. All collected eggs were recorded accordingly, sorted, and kept in containers
labeled according to treatment.

The data gathered were analyzed through the use of ANOVA in CRD. For treatment means to be
evaluated and compared, the Least Significant Differences (LSD) test was applied at both 5% and 1%
levels of significance.

Total egg produced, egg weight, egg yolk color, feed consumption, FCR, and cost-return analysis
were the data collected to measure the laying performance of Japanese quail. For total egg produced, it
was computed by adding all the egg produced by the quail on each replication per treatment. Egg weight
was measured using a digital weighing scale, while egg yolk color was evaluated through comparison with
the DSM yolk color fan.

Feed consumption was determined by subtracting the residual feed from the total quantity
provided, and the FCR was calculated by dividing the quails' total feed intake by the total number of eggs
produced. For the cost-return analysis, expenses from the start to the end of the study were recorded.
Additionally, gross sales, net income, and ROI were determined after the eggs had been sold.

Results and Discussion
Comparative Composition of Formulated Feeds

Table 4 presents the feed laboratory analysis conducted by DA-RF03 San Fernando, Pampanga,

65 Southeast Asian Journal of Agriculture and Allied Sciences | P-ISSN: 3082-3765 | E-ISSN: 2980-437x | Volume 5 Issue 2



Evaluation of Giant African Land Snail (Achatina fulica) as a Partial Substitute for Fishmeal in the Diet of Japanese Quail (Coturnix coturnix
Japonica)

which revealed that T3, incorporating 60% GALS, exhibited the highest metabolizable energy at 2,936
kcal/kg, surpassing T1 at 2,849.5 kcal/kg and T2 at 2,830.5 kcal/kg. Furthermore, in terms of crude protein
(%) content, T3 achieved the highest value at 19.810.1, alongside the most cost-effective feed price of
£23.58 per kilo. It was followed by T2, which recorded 19.3+0.7 crude protein (%) at #24.80 per kilo, while
T1 had the lowest crude protein (%) content at 17.7+0.1 with the highest feed cost of £26.12 per kilo. All
treatments met the nutritional standards recommended for Japanese quails, as outlined in the 4th edition
of PHILSAN.

Table 4

Complete Proximate Analysis, Metabolizable Energy Results, and Cost/Kg of Formulated Quail Diets

Parameter Treatment 1 Treatment 2 Treatment 3
Control 30% GALS 60% GALS
Moisture Content (%) 10.0£0.5 114104 10.6+ 0.1
Crude Protein (%) 17.7 £ 0.1 19.3+0.7 19.8 £ 0.1
Ash (%) 6.8+0.1 6.4+0.5 58+04
Crude fat (%) 1.2+0.3 1.8+04 3.0+04
Crude fiber (%) 3.5+0.8 3.9+0.1 4.0+01
ME (kcal/kg) 2,849.5 2,830.5 2,936
Cost/kg (P) 26.12 24.80 23.58

Mean Feed Consumption

The increased intake in treatments with the inclusion of GALS suggests that quails found it more
palatable compared to the control diet as shown in Table 5. The nutritional composition of the feed is
essential for the growth, health, and egg production of quails. T3, with 2,936 kcal/kg metabolizable energy
and 19.8% crude protein, effectively supported healthy intake. T2 provided adequate protein but lacked
sufficient energy, leading to increased consumption without notable productivity gains. T1, deficient in
both essential nutrients, resulted in poor appetite and lower feed intake. However, Table 5 was in
disagreement with the findings of Diarra et al. (2015), as their study showed no significant difference in
the feed intake among the control, 33%, and 100% replacement of fishmeal with snail meal diets, as well
as among the control, 67% and 100% replacement diets.

Table 5

Mean Total Feed Consumption (Grams) of Japanese Quails Under Different Treatments

Treatment Replication Mean
| ] 1]}
T1 - control 1,130.20 1,021.90 1,076.40 1,076.17¢c
T2 - 30% GALS 1,192.50 1,173.70 1,140.60 1,168.93b
T3 - 60% GALS 1,304.10 1,312.20 1,279.90 1,298.73a

Note: Means of the same letter are not significantly different.

Mean Feed Conversion Ratio

Japanese quails in T3 had the lowest FCR at 32.78, making it the most efficient in converting feed
into egg production. The results in Table 6 showed no significant variations in FCR among the different
treatments (p>0.05). Feed conversion efficiency is strongly associated with both feed intake and egg
production. T3 met quail nutritional needs, promoting better feed intake and higher egg yield, resulting in
a lower FCR. In contrast, while T2 provided sufficient protein, its lower metabolizable energy led to higher
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consumption without improved productivity. T1, lacking both essential nutrients, caused reduced intake,
lethargy, and lower egg production. This was further supported by Pradeep (2020), stating that FCR
remains a valuable metric for measuring feed efficiency—lower FCR indicates better farm performance,
as animals convert feed into output more effectively. Reducing FCR is a key strategy for lowering
production costs.

Table 6

Mean Feed Conversion Ratio (Grams) of Japanese Quails Under Different Treatments

Treatment Replication Mean

| ] ]!
T1 - control 36.34 34.76 32.52 34.54
T2 - 30% GALS 37.50 36.45 35.98 36.64
T3 -60% GALS 33.70 34.08 30.55 32.78

Mean Total Egg Produced

A significant difference was observed among the three treatments (p<0.01) in Table 7, with T3
producing notably more eggs than T1 and T2, while T1 and T2 had comparable results. The egg
production per treatment was influenced by the type and amount of feed consumed, as proper nutrient
balance plays a key role in optimizing laying efficiency. Increased feed intake, combined with essential
nutrients, enhances egg production. This aligns with N'gbo et al. (2022), who found that a 50% snail meal
replacement for fishmeal contributed to higher daily laying rates compared to treatments without snail
meal.

Table 7

Mean Total Egg Production of Japanese Quails Under Different Treatments

Treatment Replication Mean

I ! ]}
T1 - control 31.1 294 33.1 31.20b
T2 - 30% GALS 31.8 32.2 31.7 31.90b
T3 - 60% GALS 38.7 38.5 41.9 39.70a

Note: Means of the same letter are not significantly different.

Mean Total Egg Weight

Table 8 indicates that the nutrient composition of feed plays a crucial role in egg weight, particularly
the recommended 20% crude protein and 2900 kcal/kg metabolizable energy outlined in the PhilSAN
Feed Reference Standards for Japanese quails. A balanced diet with adequate protein and energy
supports optimal egg development and quality. Among all treatments, only T3 met these nutritional
requirements, ensuring better egg production and quality. Congruent with Akramullah et al. (2023),
incorporating snail flour into feed up to 10% significantly influenced quail egg weight compared to
treatments without it (p<0.05). This effect is attributed to the amino acids in snail flour, which play a vital
role in egg formation.
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Table 8

Mean Total Egg Weight (Grams) of Japanese Quails Under Different Treatments

Treatment Replication Mean

I | ]|
T1 - control 9.13 9.06 8.98 9.06b
T2 — 30% GALS 9.25 9.06 9.36 9.22b
T3 - 60% GALS 10.02 10.13 9.89 10.01a

Note: Means of the same letter are not significantly different.

Mean Egg Yolk Color

A significantly higher mean score of 5.02 was obtained by T3 compared to T1 and T2, with no
significant difference between T1 and T2 (p>0.05) as shown in Table 9. The study found that all formulated
feeds contained low pigment levels, resulting in paler yolks. This is because quail egg yolk coloration is
primarily influenced by feed composition and pigment levels, with higher pigment concentrations leading
to deeper yolk color. However, yolk color is mainly an aesthetic trait and does not impact the egg’s
nutritional value. In line with the findings of Akramullah et al. (2023), incorporating snail flour into feed
significantly improved yolk coloration (p<0.05). The inclusion of up to 10% snail flour enhanced yolk color
compared to feed without it, as higher concentrations increased the yolk color score due to the presence
of amino acids essential for egg formation.

Table 9

Mean Egg Yolk Color of Japanese Quails as Affected by Different Treatments

Treatment Replication Mean

I | ]|
T1 - control 4.89 4.54 4.57 4.64b
T2 - 30% GALS 4.57 4.63 4.81 4.67b
T3 -60% GALS 4.81 5.19 5.06 5.02a

Note: Means of the same letter are not significantly different.

Cost and Return Analysis

Table 10 presents a comparative financial analysis of Japanese quail under three dietary
treatments. The table outlines input costs, egg production, gross sales, and profitability indicators,
providing insights into the economic viability of integrating GALS as alternative protein source into the
quail diets.

The cost and return analysis revealed that T3 generated the highest egg sales at £2,382.00,
followed by T2 with £1,914.00, and T1 with #1,872.00. This was due to T3 producing the greatest number
of eggs, reaching #1,191.00 in total.

Expenses were also highest in T3 at £2,231.08, attributed to increased feed intake with 60%
GALS. T2 followed with #2,182.14, while T1 had the lowest expenses at £2,155.56. In terms of
profitability, T3 recorded the highest net income at #1,110.92, followed by T2 with £691.86, and T1 with
£676.44. The highest return on investment was seen in T3 at 49.79%, compared to 31.71% in T2 and
31.38% in T1.

All treatments produced enough eggs to reach the break-even point. Among them, T3 was the
most cost-efficient and profitable, with the lowest cost per egg of £1.87.

The economic viability of alternative protein sources has been widely documented. Diarra (2015)
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demonstrated that replacing fishmeal with snail meal in broiler diets reduced feed costs without
compromising performance. Similarly, non-conventional feed resources (NCFRs), including snail-based
meals, have been shown to reduce feed costs by 20-30% in smallholder poultry systems (Mugweru,
2025). These findings align with the present study, where the inclusion of 60% GALS not only enhanced
laying performance but also yielded the highest return on investment. However, as noted by Buccaro et
al. (2023), the economic feasibility of such alternatives is most favorable in small- to medium-scale
operations, where local sourcing and flexible feed formulation are more practical.

Table 10

Cost and Return Analysis of Japanese Quail Fed with GALS

Treatment 1 Treatment 2 Treatment 3

Control 30% GALS 60% GALS
Sales
Total Eggs Produced 936 957 1,191
Total Sales Of Eggs (P 2/Egg) #1,872.00 £1,914.00 $2,382.00
Sales Of Japanese Quails 30 30 30
90 Female Qualils, # 32 Each £960.00 £960.00 £960.00
Gross Sales P2,832.00 P2,874.00 P3,342.00
Expenses/Cost
Cost Of 5-Weeks Old Quail £960.00 £960.00 £960.00
(P 32/Qualil) (30 Birds/Treatment)
Commercial Feeds Consumed (Kg) 5 5 5
Cost Per Kilogram £43.00 £43.00 £43.00
£215.00 £215.00 £215.00
Formulated Feeds Consumed (Kg) 32.28 35.07 38.96
Cost Per Kilogram/Treatment £26.12 £24.80 £23.58
P843.15 £869.74 £918.68
Labor Cost at £ 0.065/Head X 60 Days £117.00 £117.00 £117.00
Housing Depreciation Cost £20.41 £20.41 £20.41
Total Expenses P2,155.56 P 218214 P2,231.08
Net Income P676.44 P 691.86 P£1,110.92
ROI 31.38% 31.711% 49.79%
Break Even Point 936 957 1,191
Cost Per Unit P2.30 P2.28 P1.87
Conclusion

Incorporating 60% GALS into the diet of Japanese quails significantly enhanced laying
performance, egg weight, yolk color, and feed intake, while also achieving the most favorable FCR and
ROI. These findings demonstrate that GALS is a viable and cost-effective alternative to fishmeal, offering
both nutritional and economic advantages for small to medium-scale quail producers. Moreover, its use
contributes to the ecological management of this invasive species, transforming an agricultural threat into
a productive resource.

However, despite these promising outcomes, the use of GALS in animal feed presents certain
challenges. Variability in nutrient composition due to differences in age, diet, and habitat of wild-caught
shails may affect feed consistency and performance outcomes. Additionally, GALS are known carriers of
parasitic organisms, such as Angiostrongylus cantonensis, which pose potential health risks to humans
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and animals if not properly handled or processed. Ensuring strict hygiene protocols and standardized
processing methods is therefore essential to mitigate these risks. Furthermore, large-scale harvesting of
wild GALS without sustainable management could disrupt local ecosystems. Thus, while GALS show
strong potential as a feed ingredient, its integration into livestock diets must be approached with caution,
supported by further research and appropriate safety measures.

Recommendations

Based on the findings, incorporating 60% GALS into the diet of Japanese quails is strongly
recommended for small- to medium-scale farms, as it not only enhances egg production, egg quality, and
feed efficiency but also offers a cost-effective alternative to fishmeal. This approach presents a dual
benefit: improving farm profitability while contributing to the ecological management of GALS, an invasive
species that threatens agricultural productivity. To build on these results, further research should explore
higher inclusion levels of GALS to assess their potential impact on meat production and overall growth
performance. Additionally, evaluating the applicability of GALS as a feed ingredient in other livestock and
poultry species could broaden its utility across the agricultural sector. Given the potential health risks
associated with handling GALS, such as parasitic infections, it is essential that future studies emphasize
proper safety protocols and the use of protective equipment to ensure both researcher and animal welfare.
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This paper delves into the challenges faced by top-performing cacao farmers in Quezon, Philippines,
and examines the contributions of various community actors in addressing these issues. Using deviant
case sampling, respondents were selected based on their pod yield per tree, farming practices, post-
harvest activities, community service, and years of experience in cacao farming. This qualitative study,
guided by the Social Capital Theory, emphasizes the importance of social relationships within
agricultural communities. Latent content analysis and thematic coding of interviews and focused group
discussion (FGD) notes, conducted using Atlas.ti, identified six key challenges in Quezon’s cacao
industry: gaps in technical knowledge, challenges in resource intervention, market accessibility
issues, climate-related risks, limited access to quality planting materials, and threats from cacao pests.
The first three are commonly addressed by actors within cacao farming networks in the province,
while the latter three receive comparatively less attention due to their complexity and context-
dependent nature. This study affirms the need for fostering and nurturing multilayer collaborations
encompassing formal and informal networks to support farmers and enhance industry resilience and
sustainability.

~N

Abstract

Keywords: agricultural communities, cacao farming, partnerships, qualitative research

- J

Introduction

The Mayans believed that cacao (Theobroma cacao), the source of chocolate, was discovered
by the gods (Dillinger et al., 2000). Hence, its name means ‘food for the gods’. Cacao only grows between
0° and 20° north and south of the equator—the so-called Cacao Belt—which usually experiences warm
but rainy climates (Hermann & Diaz Pérez, 2010). Though not native to the Philippines, it grows well in
the country and is considered a high-priority crop (High-Value Crops Development Act of 1995 [Republic
Act No. 7900], 1995; Magallon et al., 2022). Globally, cacao production is dominated by countries such
as Cote d'lvoire, Ghana, and Ecuador, while the Philippines remains a small but emerging producer
seeking to strengthen its position through improved farming practices and local collaborations (Gonzales,
2024; Kongor et al., 2024). In the Philippines, cacao production has gradually increased every year. In
2024, production reached 2.4 thousand metric tons, the highest data recorded since 2010 (Philippine
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Statistics Authority [PSA], 2024). Despite the interest and demand for cacao, its cultivation is renowned
as challenging due to its specific environmental requirements, susceptibility to pests and diseases, and
the long maturation period before trees become productive (Magallon et al., 2022).

In 2020, the Department of Agriculture (DA) reported that Quezon is a “powerhouse” and an
“emerging cacao hub” in the country (Simeon, 2020). However, an initial study reports that the province
only has an annual average cacao yield of only 0.16 kg per tree of dried beans, equivalent to
approximately four pods per tree (Maestro et al., 2020). This remains low, considering that one hectare
has the potential to produce more than 1,000 kg of dried beans, equivalent to about 0.90 kg per tree
annually (Suh & Molua, 2022).

Challenges in cacao farming and production have been studied globally (Cilas & Bastide, 2020;
Suh & Molua, 2022) and in various regions of the Philippines (Magallon et al., 2022; Alvarado et al.,
2023). However, the ways in which specific challenges are addressed through networks available to
cacao farmers have rarely been explored. Research has established the importance of networks and
communities to farmers, as these enable the exchange of ideas that lead to innovation (White et al.,
2023), promote sustainability (Albizua et al., 2021), provide resilience (Bruce et al., 2021), and create
more inclusive communities (Kerstetter et al., 2023). Without formal organizations, farmers become
vulnerable to exploitation by middlemen (Castafieda-Ccori et al., 2020).

This paper examines the role of social capital—the benefits derived from social interactions and
networks—in facilitating collective action, information exchange, and the achievement of shared goals
among cacao farming communities in Quezon. The Social Capital Theory (SCT) posits that any aspect
of a social relationship generates reproductive benefits, known as ‘social capital,” which can take the form
of tangible assets, such as money, and/or intangible gains, including skills and personal development
(Schmid & Robison, 1995; Machalek et al., 2015). Through social capital, farmers can access knowledge
that will enable them to adopt relevant agricultural technologies (Han et al., 2022). In addition, social
connections are no alien to farming communities where local knowledge, community networks, and
shared practices are necessary to navigate the complexities of farming, decision-making, and resource-
sharing (Albizua et al., 2021; White et al., 2023; Yu & Gambrah, 2024).

Hence, this qualitative study aims to explore the challenges faced by cacao farmers and examine
the role of collaborations and networks in addressing these issues. By determining these, Quezon’s
cacao farmers can be empowered with actionable insights to improve productivity and cooperation.
Likewise, policymakers can be guided in crafting locally responsive initiatives and policies that will
strengthen the province’s cacao value chain by supporting farmer cooperatives, capacity-building
programs, academic research, and market linkages toward a more resilient and competitive Philippine
cacao sector.

Materials and Methods

Quezon Province, the study area, exhibits a varied climate, predominantly characterized as Type
IV, having relatively even rainfall distribution throughout the year. October records the highest average
rainfall, while March experiences the least rainfall (Department of Environment and Natural Resources
[DENR], 2016; Gutierrez et al., 2020). The province’s western part experiences a Type Il climate,
characterized by a lack of a dry season and pronounced rainfall patterns from December to February,
contrasted with minimal precipitation from March to May (Basics of Philippine Climatology, 2005). Based
on 2012 to 2018 data, the province has had an annual average temperature of 22.7°C, which falls within
the optimum range for growing cacao (Magtibay et al., 2020; Igawa et al., 2022). As in other parts of the
Philippines, Quezon has been experiencing increasing temperatures, irregular precipitation, typhoons,

Southeast Asian Journal of Agriculture and Allied Sciences | P-ISSN: 3082-3765 | E-ISSN: 2980-437x | Volume 5 Issue 2 74



Maestro, Glemechille D., Tolentino, Geri Mae A., and Liwanag, Giehway R.

and flooding, all of which pose threats to the agricultural industry (Gutierrez et al., 2020; Pacific Disaster
Center, 2021). Beyond its suitable agro climatic conditions, Quezon was selected as the study site
because it is an emerging cacao hub supported by private organizations, national and local government
programs, and farmer cooperatives, making it a strategic area for examining farmers’ challenges and
collaborative practices (Simeon, 2020). Moreover, initial interviews with the Office of the Provincial
Agriculturist (OPA) indicate that intensive cacao promotion in the province began only in 2017, making
Quezon a strategic setting to examine how early networks and collaborations develop in a growing
industry.

Primary data collected by the provincial government, along with in-depth interviews, and focused
group discussion (FGD) notes were utilized to explore farmers’ experiences in cacao farming and
production in Quezon, from 2020 to 2022. The aim was to glean valuable insights into farmers’
perspectives—shedding light on the challenges they encounter as cacao growers and understanding the
vital role of social capital, or the benefits derived from social interactions, relationships, and networks, in
helping them overcome these challenges and achieve success. Respondents were selected through
deviant case sampling, a purposive sampling design that helps identify unique or outlier cases for
learning, in this case, to determine top-performing cacao farmers in the province who typically have well-
connected markets and social networks (Palinkas et al., 2015).

Using data from the OPA released in December 2020, an initial survey visit was conducted among
35 cacao farmers in 16 municipalities with the highest cacao production in Quezon to verify production
data and farming practices. Among the farmers, seven (7) exemplary cacao growers were chosen based
on the number of pods per tree their farms produce, their farming practices, post-harvest activities,
service to the community, and the years they have been engaged in cacao farming. The wives of three
of the farmers were also included in the interviews due to their active participation in farming and
production activities. Lasting one to three hours, each interview was conducted at least twice to fully
capture each farmer’s experiences. All interviewees, including representatives from the OPA, were
included in the focus group discussion (FGD).

To express their willingness to participate in the study, all respondents signed informed consent
forms. The researchers also underwent Research Ethics Training under the Philippine Health Ethics
Research Board (PHREB) before commencing data collection activities, ensuring that the research is
ethically sound in accordance with international and national standards. All interviews, done in the local
language Tagalog, were audio-recorded, transcribed, and translated into English. The research team,
composed of bilingual researchers fluent in both Tagalog and English, undertook the translation process
to ensure linguistic and cultural accuracy. In addition, a member-checking process was carried out,
wherein the translated transcripts were returned to the interviewees for verification (Harvey, 2014).
Participants confirmed that the translations accurately represented their original statements. The FGD
was likewise audio-recorded and summarized into notes. Coding themes were identified from the
interviews and FGD notes by reviewing Tagalog transcripts and English translations (Dunn, 2016). The
challenges faced by farmers were identified through the analysis of interview transcripts and FGD notes
using Colaizzi's method. This approach of latent content analysis involves familiarizing oneself with
transcriptions and field notes, extracting key statements, interpreting their meanings, grouping these
meanings into themes, constructing detailed descriptions for each theme, identifying the overall structure
and relationships between the themes, and validating these findings with respondents (Sanders, 2003;
Morrow et al., 2015). Each researcher independently reviewed the transcripts and notes to extract
significant statements, generate codes, and identify emerging themes.
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Subsequently, the team convened to discuss, negotiate, and reconcile findings, clustering themes
into a coherent structure based on interpretations of the notes and transcripts, experiences during the
data collection activities, the theoretical framework, literature, and the general context of farmers. Using
the final themes, the interview transcripts and FGD notes were coded in the qualitative analysis software
Atlas.tito generate a Sankey Chart, illustrating the co-occurrence of vital networks and challenge themes.

Results and Discussion

This study aimed to identify the challenges faced by top-performing cacao farmers in Quezon and
explore how collaborations among cacao farmers and various community actors contribute to overcoming
these challenges. The analysis of interview transcripts and FGD notes in Atlas.ti generated a Sankey
chart illustrating the relationship between the challenges (left) encountered by farmers and the various
actors (right) that aid in addressing these (Figure 1).

Figure 1

Co-Occurrence Challenges Faced by Cacao Farmers and Vital Networks: Coded Themes in Interview
Transcripts and FGD Notes
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Through the analysis, six themes emerged representing challenges faced by cacao farmers: gaps
in technical knowledge, intervention and resource challenges, market accessibility challenges, limited
access to quality planting materials, persistent threats of cacao pests, and climate-related risks.

Gaps in Technical Knowledge

In 2017, the local government began extensively promoting cacao farming in Quezon. Participants
who had started planting before this period acknowledged the initial lack of knowledge regarding cacao
cultivation and production. Additionally, experts from Quezon who were able and willing to provide
training and advice during the first three years after 2017 were scarce.
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Farmer 2: “There was no [cacao] group [in the province] at the time | started...| learned through
experience. Seminars are essential because even though you learn through hands-on farming,
having information from readings and learning from others is valuable, and the government
provides that.”

Education increases farmers' technical efficiency and administrative skills (Danso-Abbeam &
Baiyegunhi, 2020). Due to persistent fluctuations in climate patterns and market dynamics, farmers
require ongoing technical assistance. This goes beyond the mere provision of inputs and involves a
consistent flow of knowledge and skills to sustain their farms' productivity and improve value-adding
techniques for cacao products (Higuchi et al., 2023).

Intervention and Resource Challenges

Agricultural interventions and inputs, such as fertilizers, water, labor, machinery, and pesticides,
are necessary to ensure optimal cacao growth and profitability (Sanchez et al., 2022). The increasing
input prices burden farmers, especially those who have yet to reap profit from their first plantings (Nigatu
et al., 2020). Sometimes, the government supplies planting materials, fertilizers, or machinery as part of
its projects; however, this assistance is not always consistent. Hence, the farmers believe that self-
reliance and personal investment are essential for the sustainability and success of cacao farms.

Farmer 4: “When it came to interventions like fertilizers, relying solely on personal resources could
be costly. Fortunately, the government assisted with fertilizers. However, it's essential not to rely
solely on them and be prepared to invest if we want our plantation to succeed.”

Although farmers recognize the need to invest using their own resources, they hope that the
government continues to provide various forms of support beyond the initial stages of cacao cultivation,
given the increasing prices of inputs.

Market Accessibility Challenges

The farmer-respondents encountered difficulties in accessing markets for their cacao products.
Before the establishment of a cacao cooperative in the province, there was no clear guidance on
standardized farming practices or product quality requirements. This limited farmers’ access to broader
markets and prevented them from securing fair prices for their products.

Farmer 7: “When | started planting, the main problem was the absence of a cooperative that would
buy and process the cacao beans... | planted cacao, which | had to harvest and sell independently
since there was still no cooperative buying the beans.”

Access to markets is a key factor influencing the sustainability of cacao farms (Effendy et al.,
2019). The scarcity of reliable market linkages underscores the need for enhanced connections, enabling
cacao farmers to effectively sell their products at a fair price and contribute to their farms’ economic
sustainability (Lenou Nkouedjo et al., 2020; Magallon et al., 2022; Gonzales, 2024). With cacao-focused
cooperatives now established, the remaining challenge is empowering farmers to meet market demands
for flavor and quality.

Limited Access to Quality Planting Materials

National Seed Industry Council-approved varieties, BR-25, UF-18, Criollo, and PBC 123 are the
most commonly cultivated in Quezon, as reported by the respondents (Department of Agriculture—Bureau
of Agricultural Research [DA-BAR], 2022). However, the farmers shared in both the initial survey and
interviews that occasional inconsistencies in varietal identification occur, with reports of probable
mislabeling or unidentified planting materials, even though these are distributed through government
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programs. Such inconsistencies undermine not only the viability of cacao trees but also the reliability of
sources of quality planting materials. These materials are characterized as genetically true, disease-free,
grafted seedlings that are adaptable to local conditions and responsive to market requirements
(Department of Agriculture—Bureau of Agricultural and Fisheries Standards [DA-BAFS], 2008; End et al.,
2018; DA-BAR, 2022; N’zi et al., 2023). To ensure these characteristics are met, nurseries are usually
certified by the DA’s Bureau of Plant Industry.

Since 2017, sourcing quality seedlings has been a major challenge for Quezon’s cacao farmers.
Farmer 4 explained: “There were limited options when we searched for grafted seedlings, and the cost
was too much”. This account aligns with DA’s national assessment, which highlights that the increasing
number of cacao growers has outpaced the supply of certified, quality planting materials (DA-BAR, 2022).
The assessment also highlights logistical issues, as most certified nurseries are concentrated in the
Davao region, leading to high mortality during transport and handling. Meanwhile, the proliferation of non-
accredited nurseries exacerbates the distribution of low-quality materials (DA-BAR, 2022). Access to
quality planting materials is crucial for developing resilient crops, ensuring premium market opportunities,
and sustaining cacao farms in the long term (Bekele & Phillips-Mora, 2019; Levai et al., 2015). Addressing
this gap, however, requires long-term investments in provincial nursery infrastructure, research on
varietal adaptability trials under Quezon conditions, and stronger certification standards, including DNA-
based testing—to verify genetic authenticity.

Persistent Threats of Cacao Pests

The primary disease affecting cacao farms in Quezon is the black pod, or pod rot, caused by
Phytophthora species. First reported in the Philippines in 1918, it continues to cause major economic
losses among cacao farmers and remains widespread across Southeast Asia (Sudjud et al., 2013;
Solpot, 2020; Paguntalan et al., 2022; Gonzales et al., 2023). This disease begins as a small black spot
on the pods, which quickly spreads to other parts of the tree (Solpot, 2020). As Farmer 7 explained, “It
rained a lot in the past months. [The pods] turned black and got black pod disease. When these small
pods turn black, you can no longer save them. You can’t harvest any fruit.”

Prolonged rainfall and high humidity intensify fungal infection, linking agroclimatic variability with
production loss (Sudjud et al., 2013; Solpot, 2020). Hence, crop diseases reduce both yield and bean
guality, leading to lower income and higher input costs (Wessel & Quist-Wessel, 2015). Frequent
pesticide use also adds labor and production expenses (Bourguet & Guillemaud, 2016). Addressing these
challenges, therefore, requires integrated disease management and capacity-building programs to
strengthen not only farmers’ pest control knowledge but also reduce the impacts of climate-related
disease risks on the cacao industry.

Climate-Related Risks

Quezon has two climate types. Most of the province is Type IV, with evenly distributed rainfall that
peaks in October and reaches its lowest level in March, while the western part is Type Il, characterized
by heavy rains from December to February and drier conditions during the remaining months (DENR,
2016). Based on the DA (2014), Type IV is most ideal for cacao production. Despite this, Luzon, the
island where most of Quezon is located, is highly susceptible to typhoons, with excessive rainfall and
strong winds stunting cacao growth and aggravating the spread of diseases, hence, highlighting how
light, water, and wind pose inherent risks to crop yield and survival (Lawal & Omonona, 2014; Reis et al.,
2018; Lahive et al., 2019; Desquitado et al., 2020; DA-BAR, 2022).

In addition to contending with the fact that Quezon has diverse climate types, which hinder farmers
from comparing their practices, they are also acutely aware of the repercussions of climate change on
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their crops. The farmers acknowledge the need to consider individual and collective measures to adapt
their farms in response to this evolving environmental challenge.

Farmer 5: “One significant challenge for us is climate change adaptation. During hot weather, we
struggle to keep our plants alive and need water. When a typhoon occurs, our plants are affected.
Adapting to climate change is a considerable challenge, but since we have already planted and
are seeing progress, we will continue.”

Connecting Cacao Farmers to the Actors of Vital Networks

Vital Networks are essential, interconnected relationships and support systems critical to
sustaining and enhancing productivity and success in cacao farming in Quezon Province. In this study,
the actors identified by cacao farmers as vital networks include local government offices, national
government agencies, cooperatives, non-governmental organizations, family and friends, and private
companies (Figure 1). Guided by the SCT, these vital networks reflect a distinctive layering of both formal
institutions and informal community ties, a feature that shapes how collaboration unfolds in Quezon’s
cacao sector.

Local Government Offices

The farmers deemed local government offices, represented by the Local Government Unit (LGU)
and the Office of the Provincial Agriculturist (OPA), as vital to their success. Even though the OPA is
technically part of the LGU, in some cases, the OPA and LGUs have different farming projects. Section
463 of the Local Government Code (Republic Act 7160) states that each province should have an
agriculturist who develops and oversees agricultural programs, typically directed by the governor, to
ensure farmers’ access to knowledge and resources. Farmers consider local government offices
important because they are the primary channels for accessing resources such as fertilizers, seedlings,
and equipment. These offices are mandated by law to oversee programs to enhance agricultural activity.
Hence, the LGU usually partners with other national offices to provide technical assistance via training
programs to farmers. Farmers usually meet local government officials or the OPA through farmers’
association meetings and farm visits, especially during these trainings and seminars. Viewed through the
lens of SCT, frequent interaction and cooperation between farmers and government officials foster trust
and social networks, which, in turn, facilitate easier access to future resources (Schmid & Robison, 1995).

Farmer 1: “The collaboration between the LGU and the Provincial Government has brought
projects here to our town, allowing us to undergo training and study at the Farm Business School.
This has helped farmers not only to plant but also to become successful businessmen. That's
how our life has progressed.”

Among the challenges mentioned, the LGU usually focuses on addressing gaps in technical
knowledge, intervention, and resource challenges (Figure 1). However, beyond providing access to
resources and technical support, local government offices are vital because they represent the interests
of farmers to higher government officials.

National Government Agencies (NGA)

The NGAs mentioned by the farmers are the Department of Agriculture (DA), DA’s Quezon
Agricultural Experiment Station (QARES), the Agricultural Training Institute (ATI), the Department of
Science and Technology (DOST), and the Department of Trade and Industry (DTI). NGAs typically
connect with farmers through the LGU by identifying the farmers who need assistance. Hence, they
address similar challenges as the LGU, such as knowledge gaps, intervention and resource challenges,
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and persistent threats of pests (Figure 1). With more resources and technical staff, however, NGAs can
provide more advanced assistance to cacao farmers.

NGAs are also instrumental in assisting farmers with subsequent stages of cacao production,
particularly in the commercialization and marketing of their products. Notable national offices include
DOST and DTI. DOST provides grants for equipment in tablea® and chocolate production. The DTI,
responsible for advancing industry and trade, has helped farmers promote cacao products through
distribution and marketing efforts. As Farmer 7 noted: “DOST and DTI also helped us. DOST provided
grants-in-aid for the improvement of tablea production... Our products are distributed to various
pasalubong? centers. We have displays at the different OTOP (One Town, One Product)® HUBs.”

Hence, NGA initiatives, which are not confined to the farming stage, support farmers in
production, regulatory compliance, and market access, enabling farmers to become entrepreneurs and
contributing to the overall growth of local businesses. These ongoing collaborations strengthen
institutional social capital as farmers’ engagement with local and national government agencies fosters
trust, recognition, and. sustained access to national-level resources (Schmid & Robison, 1995). Among
the challenges that NGAs prioritize, according to farmers, are gaps in technical knowledge, providing
agricultural inputs, and enhancing market access for cacao products (Figure 1).

Cooperatives

Membership in a cooperative, a business entity and a voluntary association for farmers, has
numerous advantages. Members jointly own and manage these organizations, which “focus on
agricultural and food production” and, therefore, “market their own products” (Zahlava, 1989, p. 215). In
Quezon, farmers benefit from belonging to the Samahan sa Industriya ng Cacao ng Pangkabuhayan
(SICAP), which operates at both provincial and local levels. Cooperatives offer a sense of community
and companionship to cacao farmers (Donovan et al., 2017). Aligned with the Social Capital Theory,
joining cooperatives can serve as investments in relationships and trust, enabling cacao farmers to
access economic and informational benefits (Schmid & Robison, 1995).

Farmer 5 shared, “Our cooperative is responsible for purchasing beans from farmers, unlike
before when they had trouble finding buyers... to help cacao farmers, the cooperative will be the one to
buy their beans.” Within SICAP, for instance, participation generates social ties that translate into tangible
advantages, such as access to markets, shared knowledge, and collective bargaining power. The
cooperative's benefits are multifaceted when marketing cacao products (Lenou Nkouedjo et al., 2020).
During the COVID-19 pandemic, SICAP addressed transport and accessibility challenges by personally
visiting members’ farms and designating local selling sites within towns, ensuring farmers market their
products without hindrance. While cooperatives also help fill technical knowledge gaps, their primary
contribution in Quezon lies in strengthening market linkages and sustaining farmers’ economic
participation.

May also be spelled tableya, a compressed form of fermented, ground cacao beans, typically warmed
and mixed with water to create a traditional Filipino chocolate beverage known as sikwate.

2A Filipino word that means a gift or memento presented to a friend or family member by someone who
has come back from a journey.

3An initiative by the Philippine government tailored for small and medium-scale enterprises that aims to
boost inclusive local economic growth by promoting ‘flagship’ products for each locality.
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Family and Farm Employees

Given the challenges associated with cacao farming, the respondents repeatedly stressed the
crucial role of family support in their farming activities. Though the nature of the network is more informal,
farmers especially mention their spouses as partners in farm operations. The researchers also had the
opportunity to interview the spouses of farmers who assist their husbands in planting and processing
cacao.

Farmer 1’s wife: “In the seedling, | assist him. | also put soil in the bags sometimes, although it's
already mixed; I'm the one who will seal it. Then he does the fermentation, and I'm the one who
will put the seeds in once he’s done... In terms of processing, | handle it all. Once it's fermented,
| assist him with sun-drying and then the processing, starting from roasting, grinding, and molding,
until it’s finished. | take care of all that.”

However, besides family members, farmers who employ workers recognize the contribution of
their employees and view them as an integral part of their farms' success. Support from family and farm
employees addresses challenges related to interventions, resources, and market accessibility (Figure 1).
Through the lens of the Social Capital Theory, such family and workplace relationships reflect positive
social capital, where care, loyalty, and shared responsibility motivate the exchange of labor and support
beyond formal contracts in these cacao farms (Schmid & Robison, 1995). Furthermore, strong family
support and fair treatment of farm workers underscore the interconnectedness of good social
relationships and sustainable agricultural practices (Dessart et al., 2019). It also implies that recognizing
the contributions of all individuals involved in the agricultural value chain reflects productivity, as well as
equitable farming approaches that benefit their communities.

Private Companies

Partnerships with the business sector represent an investment not only financially but also
socially, as they generate mutual benefits and shared value. Famers’ partnerships with the private sector
are promoted to improve productivity and drive growth in the agriculture sector worldwide (Rankin et al.,
2016; Ramirez-Gomez & Rodriguez-Espinosa, 2022). In Quezon, cacao farmers who process their
produce into tablea, chocolate, cacao nibs, wine, etc., benefit from private organizations that help expand
their markets.

Farmer 3: “Our cacao wine was first displayed in local hubs. During the pandemic, a mall allowed
us to sell our products. We started in malls around CALABARZON, now we are regulars in malls
in Sta. Rosa and Makati. Many bought it and enjoyed it. We have many repeat buyers.”

Farmer-respondents reveal in their stories that collaborations with private establishments also
invite them to festivals and exhibits to promote and sell their cacao products. These collaborations reflect
a positive social capital in the cacao network, where both farmers and businesses invest in their
relationship, recognizing that each actor’s success contributes to the other’s utility (Schmid & Robison,
1995). Hence, such partnerships enhance farmers’ market presence and contribute to the resilience of
local cacao enterprises (Ramirez-Gémez & Rodriguez-Espinosa, 2022).

Non-government Organizations (NGOs)

NGO’s also “invest” in social capital by improving farmers’ economic status through deliberate
efforts such as capacity building and awareness programs (Schmid & Robison, 1995, p. 60; Borah et al.,
2019; Chitiyo & Duram, 2019). For the farmers, one organization that has helped them in cacao
fermentation and chocolate production is the non-profit international organization, Grameen Foundation.
This foundation was able to reach out to cacao farmers through SICAP. Grameen Foundation’s mission
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centers on establishing connections between farmers and networks of scholars, academics, and industry
experts within the cacao and chocolate sector (Kayongo, 2020). Through these connections, valuable
knowledge and skills are exchanged, empowering farmers and fostering growth within the industry.

As mentioned by Farmer 5, “Grameen Foundation provides farmer-to-farmer assistance
specifically for the cacao and coconut sub-sector. They aid us in business planning and how to grow and
develop our cacao business.”

Value-adding is the primary purpose of the partnership between farmers and the Grameen
Foundation. By engaging in chocolate-making trials, training sessions, and seminars that involved
volunteer chocolatiers from international and private sectors, SICAP significantly enhanced the quality of
chocolate it produces (Agnoletto & Lim, 2023; Andrews, 2023). Hence, NGOs mainly addressed market
access challenges by converting social capital, built through relationships and knowledge exchange, into
improved productivity and market reach (Schmid & Robison, 1995).

Conclusion

This research reveals that even though respondent-farmers in Quezon encounter multiple challenges
in cacao farming and production, networks and collaborations with various community actors are
essential to overcoming them. These vital formal and informal networks, mainly collaboration with local
and national government entities, cooperatives, family and farm employees, NGOs, and private
companies, serve as support systems for farmers mainly through the provision of technical training and
advice, intervention and resources, and market access. Consistent with the Social Capital Theory, these
linkages function as investments in relationships that generate mutual benefit and collective utility not
only to the farmers but identified actors in the network. However, long-term issues such as limited access
to quality planting materials, persistent threats of pests, and climate-related risks remain overlooked and
insufficiently addressed due to their complexity and context-dependent nature. Fostering and nurturing
multilayer collaborations—that is, both formal and informal collaborations that specifically address these
insufficiently addressed issues could result in a more sustainable and resilient cacao industry in Quezon.

Recommendations

This study recommends strengthening collaboration among stakeholders in the cacao industry:
the Department of Agriculture (DA) and its regional offices, the Department of Science and Technology
(DOST), the Department of Trade and Industry (DTI), local government offices, farmer cooperatives,
academic institutions, and private sector partners. Strengthening these partnerships also means
investing in social capital and enhancing both formal and informal collaborations that underpin trust,
knowledge exchange, and collective resilience within Quezon’s cacao network. Working collectively,
these actors can address major challenges such as limited access to quality planting materials, pest and
disease threats, and climate-related risks through coordinated platforms such as farmer innovation hubs,
digital extension systems, multi-stakeholder councils, and local cacao development programs. These
platforms open opportunities for knowledge sharing, collaborative research, and access to technical and
financial support among farmers (Izuchukwu et al., 2023).

Public-private partnerships should also be explored and strengthened to enhance infrastructure,
market linkages, and investment opportunities, thereby reinforcing the local cacao value chain (Mangeni,
2019; Aseete et al., 2022). Likewise, continued investments by public and private sectors in accredited
nurseries, pest and disease management, research, and resilient cacao varieties are imperative for
sustainable industry growth (Garcia et al., 2024).

Finally, the findings of this study can serve as input for policy formulation among relevant NGAs
and local authorities, particularly in refining programs on farmer-entrepreneur training, access to certified
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planting materials, post-harvest facilities, market support, and management of agroclimatic risks. The
academe and research funding agencies are likewise encouraged to align their research priorities and
initiatives to generate evidence that supports these policy directions, ensuring that interventions remain
grounded in local realities and industry needs. These evidence-based policies can help transform the
bittersweet realities of cacao farming into stronger, more resilient connections that sustain the
competitiveness of the cacao industry in Quezon Province and beyond.
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/ Abstract \

This study examined whether e-commerce flash sale promotions influence the impulse buying
behavior of Generation Z consumers and investigated whether the fear of missing out mediates this
relationship. It addresses the gap in existing literature by exploring this relationship in the context of
the Philippines, a developing country that is underrepresented in prior studies that mostly focused
on Western and East Asian regions. A quantitative, descriptive-correlational design was used, which
was deemed appropriate as it provides insights into a phenomenon by examining the relationships
among the variables involved. The study involved 266 Filipino Generation Z respondents selected
through a nonprobability purposive sampling technique, with data collected via an online survey using
a structured questionnaire and a five-point Likert scale. Data analysis and mediation analysis were
conducted using Jamovi statistical software. Findings revealed that flash sale promotions
significantly influence impulse buying behavior (p < 0.0209). Furthermore, FOMO was found to
mediate this relationship, supporting the Stimulus-Organism-Response (S-O-R) framework.
Although the theory of social influence was not directly tested, its role was implicitly considered within
the construct of fear of missing out, which appears to amplify impulsive purchase decisions among
Generation Z consumers. The study also found that demographic variables alone do not sufficiently
explain the impulsive buying tendencies of Gen Z consumers. These findings offer valuable insights
for online retailers and digital marketers aiming to increase engagement among Generation Z
shoppers. By understanding the psychological drivers behind impulse purchases, particularly
emotional and social factors, businesses can design more targeted and effective promotional
strategies. Marketers are advised to tailor flash sale promotions based on Generation Z's behavior
and preferences—especially for fashion-related products and platforms like Shopee—to increase
engagement, encourage repeat purchases, and foster brand loyalty. While fewer respondents
favored SHEIN and Lazada, maintaining a presence on these platforms can still help increase market
reach and brand visibility.
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Impact of E-Commerce Flash Sale Promotions on Generation Z's Impulse Buying Behavior: The Mediating Role of Fear of Missing Out (FOMO)

Introduction

E-commerce flash sale promotions have been utilized by marketers as a marketing strategy to
attract consumers and stimulate impulsive buying behavior, particularly among Generation Z, who are
known for being application-friendly and website-savvy, as most of their daily activities are conducted
online (Ayuni, 2019). The attractiveness of flash sale promotions could capture the attention of consumers
and drive impulsive purchases (Hermawan & Rofiq, 2024). A study by Hidayah et al. (2025) found that
when flash sales are held more often, Generation Z consumers are more likely to make impulsive
purchases.

One of the psychological factors in this context was the Fear of Missing Out (FOMO), which
encouraged consumers to make impulse purchases to avoid missing out on something valuable (Patov,
2024). FOMO is applied in e-commerce as a marketing strategy that makes consumers feel as if they are
losing something if they do not buy the products. Marketers create a sense of product scarcity through
phrases like "limited offer,” "only available for a short time," and "limited quantity”. These modes of
advertising have been effective in boosting demand for products and triggering FOMO (Fear of Missing
Out) tendencies. This perceived scarcity can increase the value of goods (Cheng & Lim, 2016) and make
FOMO more effective (Hodkinson, 2019). These studies collectively suggest that impulse buying is not
only triggered by flash sale promotions but also intensified by internal emotional states such as FOMO.

With the increase in the market performance of e-commerce and the number of online shoppers,
Generation Z has become a growing segment of online shoppers, known for being digitally native, which
presents unique challenges and opportunities for marketers due to their distinct shopping behaviors
(Salam et al., 2024). The majority of Generation Z makes purchases using online platforms, showing how
e-commerce has a big impact on their impulsive purchasing decisions (Tran, 2024). Also, their constant
exposure to e-commerce platforms and high mobile usage makes them more prone to emotion-based
decisions and persuasive digital marketing tactics. This shows how flash sale promotions, FOMO, and the
online behavior of Gen Z interact in shape impulsive buying behavior. However, gaps remain in
understanding how these factors operate in specific cultural context such as the Philippines.

A systematic literature review conducted by Redine et al. (2023) found that the majority of studies
on this topic were conducted in just three countries—the US, China, and Taiwan—raising concerns about
the generalizability of findings across different cultural contexts. Very few studies explore how these
factors behave in the developing country like the Philippines, despite it being one of the fastest-growing
e-commerce markets.

To address this gap, the present study explores impulse buying behavior in a developing country,
the Philippines, thereby enhancing the global perspective on consumer behavior. Furthermore, while
previous research has focused heavily on personality traits, cultural influences, and general promotional
strategies, there remains limited exploration of how specific sales promotional strategies, like flash sales,
influence impulse buying behavior. This study fills that gap by focusing on flash sale promotions and their
psychological impact, particularly through the lens of FOMO, in the context of Generation Z consumers in
the Philippines.

This study used the Stimulus-Organism-Response (S-O-R) Theory to investigate the role of Fear
of Missing Out (FOMO) as a mediating variable in the relationship between flash sale promotions and
impulse buying behavior. Understanding this relationship is beneficial for businesses, particularly
marketers, as they can develop more effective and responsible marketing strategies that ultimately lead
to increased impulse buying. The study is also valuable to both small and large businesses on e-
commerce platforms, enabling them to better connect with Generation Z by tailoring their promotional
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campaigns to a demographic that is growing rapidly in the digital marketplace. This can help increase
sales and enhance customer loyalty. In line with this, the study generally aimed to examine whether flash
sale promotions influence the impulse buying behavior among Generation Z and to evaluate whether
FOMO mediates the relationship between flash sale promotions and impulse buying behavior.

Specifically, the study intended to present the demographic profile of Generation Z respondents;
describe their preferences and consumer behavior, including e-commerce platform preferences, product
preferences, online purchase frequency, flash sale spending, and frequent flash sale participation; find
out whether demographic characteristics are significantly associated with impulse buying behavior; and
provide e-commerce platforms with actionable insights to improve flash sale strategies based on these
findings.

Materials and Methods

A quantitative, descriptive-correlational research design was employed to examine the relationship
between flash sale promotions, fear of missing out (FOMO), and impulse buying behavior among
Generation Z consumers. This design allowed the study not only to describe the characteristics and
preferences of the respondents but also to assess the associations and mediation effects between
variables. This approach provides insights into the nature of relationships between variables (Seeram,
2019). A comparative analysis was also used to determine whether significant differences in impulse
buying behavior exist based on demographic factors. . Different statistical tests were applied to determine
if the demographic variables had a significant association with impulse buying behavior among Generation
Z. Non-parametric statistical tests were used since the normality test showed that the data did not follow
a normal distribution.

A non-probability purposive sampling technique was used to select respondents who met the
inclusion criteria. This sampling technigue was chosen since the study focused on Generation Z
respondents who have participated in e-commerce and flash sales promotions, which are not randomly
distributed in the general population. This approach allowed the researchers to select the respondents
who possessed the required criteria, making the data collected relevant to the study objectives. According
to Obilor (2023, as cited in Kgarimetsa & Naidoo, 2024), this approach enhances credibility by eliminating
irrelevant responses. However, purposive sampling limits the generalizability of the findings, as the sample
may not represent the broader population. This approach may carry a sampling bias, as the selection
process was purposeful and selective. As a result, the findings may not fully represent the diversity of
Generation Z consumers.

Descriptive statistics, specifically frequency distribution and percentages, were applied to present
the demographic variables. Based on Roscoe (1975, as cited in Memon et al., 2020), a sample size
between 30 and 500 is adequate for behavioral studies. A minimum of 200 respondents is required to
perform confirmatory factor analysis (CFA) (Alavi et al., 2020). Data collection was carried out using a
structured online survey questionnaire. A five-point Likert scale, with responses from 1 (strongly disagree)
to 5 (strongly agree), was employed to assess agreement levels regarding flash sale promotions, FOMO,
and impulse buying behavior.

To protect respondents' rights and confidentiality, this study followed ethical standards. An
informed consent form explaining the purpose of the study and the intended use of data from the
respondents was provided to the respondents. Respondents had the right to discontinue participation in
the online survey at any time, and the participation was entirely voluntary. To maintain confidentiality, the
names of the respondents were not collected, and other personal information was anonymized and stored
securely. These protocols were strictly followed to ensure respectfor participants and adherence to ethical
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research practices.

Mediation analysis was performed using Jamovi software, following the Baron and Kenny (1986)
mediation approach:

(1) testing the direct relationship between the independent and dependent variables;

(2) testing the relationship between the independent variable and the mediator.

(3) testing the relationship between the mediator and the dependent variable; and

(4) testing the combined effect of the independent and mediator variables on the dependent variable.

Reliability Analysis

Reliability was evaluated using Cronbach’s Alpha, and the results indicated that all constructs
achieved acceptable reliability, with values exceeding the recommended threshold of 0.70. This suggests
that the survey questions for each construct were highly interrelated and measured their respective
concepts reliably. Results are summarized in Table 1.

Table 1

Reliability Analysis of Study Constructs

Constructs No. of ltems Cronbach’s Alpha Interpretation
Flash Sale Promotions 5 0.776 Reliable
Fear of Missing Out (FOMO) 7 0.849 Reliable
Impulse Buying Behavior 6 0.891 Reliable

Confirmatory Factor Analysis

A Confirmatory Factor Analysis was used to evaluate the reliability and validity of the constructs.
The model-fit measures of CFAwere used to assess further the overall goodness of fit of the three-factor
model (Flash Sale Promotions, Fear of Missing Out, and Impulse Buying Behavior). Given the large
sample size, a chi-square (x?) value of 346 was expected, and was statistically significant with a p-value
<.001 and does not necessarily imply poor model fit. The chi-square testis not the only determining factor
in assessing model fit (West et al. 2012). The values of CFl and TLI were above 0.90, and the values of
SRMR and RMSEA were 0.0484 and 0.0781, respectively, all indicating a good fit for the model. The
indices suggest that the model fits the data well and is highly valid. Table 2 presents the CFA model fits
results.

Table 2
CFA Model Fit Results
Fit Indices Recommended Value Obtained Value
X2 346
p-value Nonsignificant <.001
CFI > 90 0.930
TLI >.90 0.919
SRMR <.08 0.0484
RMSEA <.08 0.0781

Construct Reliability was assessed using Cronbach's Alpha and Composite Reliability. The
Cronbach Alpha for each variable in the study was found to be over the required limit of 0.70. Composite
Reliability ranged from 0.851 to 0.963, which was above the recommended threshold of 0.70 as suggested
by Hair et al. (2010). Convergent validity was assessed through the Average Variance Extracted (AVE).
All constructs exceeded the threshold value of 0.50, except for the flash sale promotions variable, which
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obtained an AVE of 0.412.

According to Lam (2012), if the AVE is less than 0.50, and the CR is higher than the acceptable
threshold of 0.60, the study should be continued. Since the CR for flash sale promotions variable was
higher than 0.60, the items were retained in the study. Thus, the study has good reliability and convergent
validity of all the items in the construct. The detailed data can be seen in Table 3.

Table 3

Results of Factor Loadings, Cronbach Alpha, Composite Reliability and AVE

Factor Cronbach CR AVE

Variables Item Loadings  Alpha
Flash Sale The number of discounts during the flash sale 0.619 0.775 0.851 0.412
Promotions makes me want to shop online.
| often follow flash sale promotions when I'm 0.617
going to buy online.
| feel the flash sale promotion gives me a 0.606
relatively shorter time to decide.
The limited availability of products on flash sales 0.681
makes me feel like | must make a quick decision.
The promotions in the flash sale are very 0.682
interesting.
Fear of | feel anxious during flash sales and buy more 0.759 0.935 0.963 0.675

Missing Out than | need.
| visit online stores during flash sales, even when 0.848
busy, due to Fear of Missing Out (FOMO)

| make impulsive purchases during flash sales 0.859
because of FOMO

| constantly check flash sale deals due to FOMO 0.861
| fear others are getting better deals from flash 0.847

sales than me
| fear my friends are purchasing great products in 0.797
flash sales while | miss out
It is important that | stay updated on limited-time 0.775
promotions and discounts
Impulse | buy things spontaneously during e-commerce 0.733 0.91 0.948 0.633

Buying flash sales.

Behavior | often buy things | didn’t plan on during flash 0.808
sales
| quickly buy items when | see a limited time deal 0.820
in a flash sale.
| worry about missing a great deal if | don’t buy 0.766
during flash sale.
| feel the urge to buy now and think about my 0.862
decision later when shopping during flash sales.
| base my decisions on emotions while shopping 0.777
in flash sales.

Results and Discussion

Socio-Demographic Profile of the Respondents

A total of 376 respondents participated in the study; however, after applying the inclusion and
exclusion criteria, only 266 respondents were considered in the analysis. The socio-demographic profile
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of the respondents, as shown in Table 4, reveals that a number of respondents were aged 18 to 22
(45.1%), female (57.9%), at the college level (44.0%), and had a monthly income or allowance of less
than 1,000 (48.1%).

Table 4

Socio-Demographic Profile of Respondents

Frequency Percentage

Age 13-17 62 23.3%
18 — 22 120 45.1%

23-28 84 31.6%

Gender Male 112 42.1%
Female 154 57.9%

Educational Elementary graduate 1 0.4%
Attainment Junior High School level 23 8.6%
Junior High School graduate 4 1.5%

Senior High School level 43 16.2%

Senior High School graduate 15 5.6%

College level 117 44.0%

College graduate 52 19.5%

Post-graduate 11 4.1%

Income Less than 1,000 128 48.1%
1,001 — 4,999 71 26.7%

5,000 — 9,999 19 7.1%

10,000 — 14,999 10 3.8%

15,000 — 19,999 5 1.9%

20,000 — 24,999 8 3.0%

25,000 — 29,999 8 3.0%

30,000 and above 17 6.4%

*n=266
Preferences and Consumer Behavior of the Respondents
Table 5

Frequency and Percentage Distribution of E-commerce Platform and Product Preferences

Preference Type Sub-category Frequency Percentage
E-commerce Shopee 21 79.3%
Platform Lazada 21 7.9%
Preference SHEIN 28 10.5%
Zalora 1 0.4%
Temu 5 1.9%
Product Apparel, Shoes, and Accessories 156 58.6%
Preference Electronics and Gadgets 17 6.4%
Makeup and Fragrances 21 7.9%
Health and Personal Care 16 6.0%
Home & Kitchen 1 0.4%
Books & Stationery 11 4.1%
Toys & Baby Products 3 1.1%
Other Products 41 15.4%

The distribution of e-commerce platforms and product preferences is presented in Table 5, which
revealed that Shopee is the most preferred by Generation Z respondents when making an online impulsive
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purchase. This is supported by the study of Said et al (2023), which found that the popularity of Shopee
is mainly due to its attractive promotional offers and discounts on its products. While the most preferred
products bought by Generation Z consumers during flash sales are apparel, shoes, and accessories
(58.6%), this is supported by the study of Fafilek and Kramolis (2024) which found that clothes and fashion
products are the most impulsively purchased items by Generation Z consumers. As Generation Z
consumers emphasize individuality and self-expression, they see fashion as a way to show their identity
by choosing diverse and personal styles (Lu, 2024). This is also consistent with the findings that the main
motivation of Generation Z consumers in making purchases was their concern about having an outdated
wardrobe (CGS, 2021).

The online shopping behavior of Generation Z shoppers is shownin Table 6. The online purchase
frequency in the last 6 months showed that consumers purchased 1-2 times (42.9%), followed by 3-5
times (36.1%). The flash sale spending was below PHP 500 (62.4%), followed by PHP 501 — PHP 1,000
(26.7%). This suggests that many Generation Z shoppers tend to keep their spending within a lower range.
A survey revealed that half of a typical Filipino Generation Z's finances come from parental allowances,
with the remaining half coming from full-time work, businesses or side gigs (District 2024). The frequent
flash sale participation by Generation Z shoppers was through discount-based promotions (68.4%), time-
limited promotions (25.9%), and limited quantity promotions (5.6%). The findings suggest that Gen Z
shoppers prefer discount-based promotions that influence their buying decisions. This is supported by the
study of Secretaria et al. (2023), which stated that regular discounts can trigger behavioral tendencies that
encourage Gen Z shoppers to buy. Jamal & Lodhi (2015) also stated that when products are offered at
discounted prices, consumers make more impulsive purchases than the original price of the products.

Table 6

Frequency and Percentage Distribution of Online Shopping Behavior

Behavior Type Sub-category Frequency Percentage
Online Purchase 1 -2 times 114 42.9%
Frequency 3 -5 times 96 36.1%

6 -10 times 30 11.3%

11 — 15 times 13 4.9%

16 — 20 times 7 2.6%

More than 20 times 6 2.3%

Flash Sale Spending Below PHP 500 166 62.4%
PHP 501 — PHP 1,000 71 26.7%

PHP 1,001 — PHP 2,000 15 5.6%

PHP 2,001 — PHP 3,000 5 1.9%

More than PHP 3,000 9 3.4%

Frequent Flash Sale Time-limited promotions 69 25.9%
Participation Limited quantity promotions 15 5.6%
Discount-based promotions 182 68.4%

Association Results between Socio-Demographic Factors and Impulse Buying Behavior

Table 7 shows that variations in demographic characteristics have no significant relationship with
impulse buying behavior, as the p-values for each demographic variable are above the standard
significance threshold of 0.05. The Mann-Whitney U Test result for gender (p = 0.213) also did not have
a significant effect, implying that there is no strong evidence of gender-based differences in impulse buying
behavior. This is supported by the study of Agmarina & Wahyuni (2019), which revealed that gender does
not affect impulse buying; there was no significant difference between Generation Z men and women
when making impulse buying decisions. Similarly, the Kruskal-Wallis test results for age (p = 0.922),
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and college students with low incomes, suggesting that this demographic group is budget-conscious but
actively engaged in impulse buying behavior. The strong preference for Shopee as their top choice
suggests that marketers and businesses should focus on using it for marketing and flash sale campaigns.
Toincrease reach, they should also utilize or be present on e-commerce platforms like Lazada and SHEIN.
Purchasing apparel, shoes, and accessories is very common, which shows how appealing fashion-related
categories are to this market segment. Moreover, the low spending amounts, particularly those below PHP
500, and the frequency of purchases, which range from one to five times over six months, indicate the
cautious spending behavior of Gen Z consumers. This implies that Gen Z consumers are selective, and
value-driven. Therefore, online businesses and marketers must design flash sale promotions that
emphasize affordability, trendiness, and a sense of urgency by adding tools like countdown timers, “only
a few items left” messages, and pop-up alerts to remind online users of limited time and limited quantity
offers. These should be based on real information, not misleading urgency.

The study's results also revealed that demographic variables did not influence impulse buying
tendencies. Instead, marketers need to focus on the emotional trigger (FOMO) and promotions (discount-
based) to create more effective and higher engagement among Gen Z consumers. Additionally, the study's
findings suggest that the fear of missing out (FOMO) mediates the relationship between flash sale
promotions and the impulse buying behavior of Generation Z consumers. This shows that urgency
messaging must be carefully crafted to avoid misleading or exaggerating, which could negatively impact
consumer trust and brand credibility.

The results of the study align strongly with the Stimulus-Organism-Response (SOR) Theory,
which shows that external factors influence the emotional state, which in turn affects the behavior. In this
context, flash sale promotions served as the stimulus, triggering fear of missing out as the organism, which
led to the impulse buying behavior of Generation Z as the response. The purchasing decisions of
Generation Z are influenced by flash sale promotions through an emotional pathway that is confirmed by
the strong mediation of FOMO. Moreover, the findings also support the Theory of Social Influence, as the
urgency influenced by flash sales may be increased by social cues, such as those from peers or
influencers, which intensify the fear of being left out among consumers. Although social influence was not
directly assessedin this study, instead, it was incorporated under FOMO, which intensified the impulse
buying decisions by Generation Z consumers.

Recommendations

Based on the study findings, marketers should use FOMO-based strategies and discount-based
promotions to attract more consumers and create a sense of urgency that influences impulsive buying
behavior. These promotions should emphasize affordability and perceived value, aligning with Generation
Z's expectation of "good value for their money" and their preference for inexpensive yet trendy products.
Online businesses and marketers should focus on providing value and benefits of the product/service they
offer. Also, marketing strategies must be implemented ethically. A strategy may be considered
manipulative if it intentionally exaggerates the urgency or misleads product information. Such practices
will have a negative impact on consumer purchasing behavior and brand credibility. Marketers are
encouraged to apply specific urgency techniques such as real-time countdowns, flash sale alerts, and
limited stock notifications. Misleading scarcity cues should be avoided. Ethical digital marketing builds
trust and promotes long-term engagement.

For further studies, it is recommendedto study how flash sale promotions affect other generations,
such as Generation X and Millennials. This would help identify whether fear of missing out also acts as a
mediator in their impulsive buying behavior. Also, their demographic characteristics have a significant
influence on their impulse buying behavior. Including other generations in the study would help online
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businesses better understand the impulsive buying behavior of online shoppers and develop effective
marketing strategies for different age groups.

Since the data collection in the study was conducted through an online platform, there are
limitations to the generalizability of the findings. Future research should collect both offline and online data
samples to provide a more comprehensive understanding of the impulse-buying behavior of Gen Z. Also,
incorporating a qualitative research method such as in-depth interviews and focus groups to determine
underlying factors that surveys might not capture. These steps will be helpful in getting reliable results and
making effective strategies for consumers.

For policymakers and consumer protection groups, it is essential to provide information and
educate young consumers, particularly Generation Z, about the effects of impulsive buying and how flash
sale promotions influence their decisions. This would make them informed and responsible online
shoppers.

Future studies should also explore how the specific features such as website design, perceived
ease of use, visual appeal, etc. of popular e-commerce platforms like Shopee, affect the sense of urgency
and fear of missing out. Additionally future research may assess how influencer marketing and social proof
features (e.g., “100 people bought this in the last hour”) contribute to FOMO and impulse purchases.
Understanding how these tools influence buying behavior can help online businesses create more
effective and responsible marketing strategies.
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Farmer’'s Aw areness, Practices, and Adoption Levels on Safe Pesticide Use: An Evaluation Among Rice Farmers in the Third District of Bulacan

organic pesticides or crop rotation.

3. Reducing pesticide use in favor of safer methods. 3.260 0.953 Fairly Adopted

4. Actively sharing knowledge on safe pesticide use with 3.060 0.849 Fairly Adopted
fellow farmers.

5. Willingness to attend further training on pesticide safety 3.230 0.915 Fairly Adopted
and alternatives

6. Integrating biological pest control methods into farming 3.190 0.941 Fairly Adopted
practices.

7. Using pesticide rotation strategies to minimize pest 3.200 0.910 Fairly Adopted
resistance.

8. Following recommendations from agricultural experts 3.120 0.936 Fairly Adopted
before pesticide application..

9. Supporting community initiatives on safe pesticide use. 3.280 0.848 Fairly Adopted

10. Participating in government or NGO-led pesticide safety 3.230 0.874 Fairly Adopted

programs.

Overall Mean 3.205 0.451 Fairly Adopted

Legend: 1.00-1.80 = Not Adopted, 1.81-2.60 = Slightly Adopted, 2.61-3.40 = Fairly Adopted, 3.41-4.20 = Moderately Adopted,
4.21-5.00 = Highly Adopted

Association between Demographics and Pesticide Practices

The analysis of associations between demographic characteristics and pesticide practices
revealed both significant and non-significant relationships. As shown in Table 7, household size was
significantly associated with disposal practices and the level of adoption of safe pesticide use, while
sources of income had a significant association with handling practices. These results imply that family
size and income streams may directly influence how farmers manage pesticide-related tasks, either
through shared household responsibilities or financial capacity to adopt safer practices. Onthe other hand,
Table 8 presents the demographic factors that did not show any significant association with pesticide
practices. Educational attainment, tenurial status, and farming experience were not found to be strong
predictors of pesticide behavior. This suggests that while basic demographics provide some context, the
more decisive factors shaping farmers’ pesticide use may be their access to resources, availability of
training, and exposure to agricultural extension services.

Significant Associations

Table 7 reveals significant associations between household size and both disposal practices (r* =
42.30) and adoption of safe pesticide use (r* = 62.32). Larger households may facilitate safer practices
through shared labor and knowledge. Similarly, income diversity significantly affected handling practices
(r? = 56.15), indicating that farmers with alternative income sources may invest more in safety tools and
practices.

Table 7

Summary of Association between Demographics and Pesticide Practices

Demographic Verbal
Variable Interpretation

Household Size Current Practices — Disposal 42.30 0.012 Reject Significant
Household Size Level of Adoption of Safe Use  62.32 0.036 Reject Significant
Sources of Income  Current Practices — Handling 56.15 0.001 Reject Significant

Pesticide Variable r2Value pValue Decision
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