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Abstract

Purpose: Some literature on feeding kitchen food waste (KFW) to domestic animals is available. However, the
quantification of such consumption by those animals is limited. This study attempts to investigate how various
domestic animals contribute to disposing of the KFW by feeding in rural and semi-urban areas of the eastern

province of Sri Lanka.
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Method: Simple random sampling was used to select 75 households from the Sammanthurai DS division. The
KFW was collected, segregated, and weighed from each of the households. The weight of KFW fed to domestic
and stray animals was recorded before feeding. A semi-structured questionnaire was also used to collect the nec-

essary data from the households selected.

Results: The study found that the KFW accounted for 49%. 25% of the households disposed of their KFW by
feeding to the domestic animals and another 3% was consumed by stray animals. The village chickens consumed
the highest KFW (59.5%) per day. Each village chicken, cow, other birds, dog, and cat consumed 47.8 g, 695 g,
43.3 g, 128 g, and 91.7 g of KFW per day, respectively, on average. By feeding the KFW to domestic animals,
the reduction in greenhouse gas emission was estimated to be 871 kg of carbon dioxide equivalent (CO,-e) per

day.

Conclusion: A quarter of the households fed their KFW to domestic animals they grow. The village chickens
were the highest contributor to the disposal of KFW by consuming them. Feeding KFW to domestic animals

reduces greenhouse gas emissions and contributes to rural food security through bioconversion.

Keywords: Bioconversion, Village chicken, Stray animals, Greenhouse gas reduction, Rural economy

Introduction

Generating waste is a natural and unavoidable part of the existence of human beings (Guerrero et al. 2013). Ac-
cording to the Food and Agriculture Organization (FAO 2011), one-third of food produced in the globe for human
consumption is misplaced or wasted. Food waste contributed nearly 50% of municipal waste (Gustavsson et al.
2011). Food loss and waste harm the surroundings. Thus, minimizing food waste is expected to improve sustain-
ability and reduce environmental impact (Castrica et al. 2018). Many developing nations struggle with environ-
mental and hygienic issues due to insufficient and disorganized handling and management of food waste. Accord-
ing to Sustainable Development Goals (SDG 12), the per-capita food waste should be reduced to half by 2030 at
the consumer level (Schanes et al. 2018).

The generation of municipal garbage in Sri Lankan towns has grown due to population expansion during the last
numerous years, rapid infrastructure development, urbanization, commercial boom, changing lifestyle, rising liv-
ing standards, and improvement of monetary conditions of a section of the society. Most of Sri Lanka's urban
regions had severe problems with waste collection and disposal (Kumara and Pallegedara 2020). Recent estimates
showed that around 7,000 tonnes of solid waste are generated daily in Sri Lanka, comprising around 4000 tons of
food waste (Arachchige et al. 2019; Jayathilake et al. 2022). As stated by (FAO 2011) approximately one-third
of food produced globally for human consumption, estimated to be about 1.3 billion tons per year, was wasted. It
was reported that per capita food waste of consumers from North America and Europe was 95-115 kg/year (FAO
2011), whereas it is 6-11 kg/year in sub-Saharan Africa and South/Southeast Asia. According to Vidanaarachchi
et al. (2000), it was expected that municipal solid waste would reach 1.0 kg/day/head by 2025 in Sri Lanka.
However, (Basnayake et al. 2019) reported that the municipal solid waste generated in Sri Lanka is 0.48
kg/day/head.

Of the total municipal solid waste collected by Sri Lanka's Local Authorities, food waste comprised an average
of 57% (Jayathilake et al. 2023). In Sri Lanka, the management of solid waste within the locality is the responsi-
bility of the local authorities according to Pradeshya Saba Act No. 15 of 1987, Urban Council Ordinance No. 61
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of 1939, and Municipal Council Ordinance No. 16 of 1947 (Saja et al. 2021). According to Hikkaduwa et al.
(2015), waste collection is carried out by local authorities such as Pradeshya Saba - 33%, urban councils - 17%
and municipal councils 50%. The solid waste management techniques in Sri Lanka include open dumping, com-
post making, biogas generation, and landfill (Arachchige et al. 2019). However, Sri Lanka's solid waste manage-
ment system needs to be more effectively established with more research and development inputs.

According to Muth et al. (2019), lowering food waste will prevent the loss of water, land, energy, and other
resources. Therefore, it is necessary to enhance the sustainability of food production and consumption systems
and create a situation suitable for food security, the environment, and the economy. The “food waste hierarchy”
encouraged by FAO aims to back food waste prevention by facilitating its use as animal feed, whereas landfills
are the least favored option (FAO 2009). Further, food waste is presently a problem for the environment since
municipal solid waste is not adequately separated from it, which has led to a rise in landfill greenhouse gas emis-
sions (Thi et al. 2015). According to Jones et al. (2021), food waste is one of the important contributors to carbon
footprint (CFP), which leads to increased global temperature. It is thus necessary to reduce food waste and thereby
reduce CFP. To this effect, Jones et al. (2021) suggested the treatment of food waste using sustainable methods
to influence the CFP and the environment positively.

Apart from the policies by the government in Sri Lanka and the subsequent actions taken by the local authorities
so far, the issues related to solid waste management are of serious concern. Recently, researchers in Sri Lanka
showed interest in using food waste to feed animals. Feeding kitchen food waste to domestic animals is a usual
practice around the world, which was investigated previously by many researchers (Westendorf 2000; Garcia et
al. 2005; Angulo et al. 2012; Salemdeeb et al. 2017). According to Jayathilake et al. (2022), feeding food waste
to animals has been a practice in domestic-level animal husbandry. This feeding practice has also been observed
in commercial livestock animal farming. For example, in China's pig farms, it was found that around 80% of the
kitchen waste collection was used as feed directly (Li et al. 2016). A study of piggeries in Colombo, Sri Lanka
found that food waste was a major feed source, contributing 82% of total feed on average. Further, about 40% of
the pig farms collect food waste chiefly from restaurants, institutional canteens, and hotels (Jayathilake et al.
2022). It was reported that urban food waste from commercial and domestic sources is used to feed animals, i.e.
backyard cows and urban livestock (Narayanan 2019). According to (Kumar et al. 2019), edible waste dumped
on roadsides provides food for urban livestock, mostly cows and other animals in urban areas. According to Shur-
son (2020), opportunities exist to circulate energy and nutrients from different food waste into poultry and swine
by feeding them because non-ruminants are unable to utilize roughages efficiently and require feed that is dense
in energy and nutrients compared to ruminants. According to Chen et al. (2015), the feeding action of food waste
should be changed with the different qualities of the products, such as restrictions on feeding to ruminants and
recycling as formula feeds. Despite the potential of kitchen food waste to be used as animal feed, its recycling as
animal feed was banned in Europe (European Parliament and the Council of the European Union 2002).

The literature cited above indicated the potential and use of KFW for feeding animals in raw form as they are.
Our preliminary observations in the rural and semi-urban areas of the eastern province in Sri Lanka too showed
that domestic and stray animals consume kitchen food waste (KFW) in the environment, which is considered as
a contribution of animals in the ecosystems to dispose of KFW materials. The literature on the contribution of
different types of animals in the ecosystems in the disposal of the KFW and its expected climate benefits is limited.

Hence, this study was an attempt to find out and quantify how various animals in the ecosystems contributed to
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disposing of the KFW in village and semi-urban areas in the eastern province, hence minimizing the environmen-
tal concerns; further, the present study proposed a quantitative model having the KFW consumption by domestic

animals and expected economic and climate benefits.

Materials and Method

Study area

This study was conducted in the Sammanthurai Divisional Secretariat area in the Ampara district of the Eastern
province of Sri Lanka. It has fifty-one (51) Grama Niladhari Divisions (the lowest administration unit under a
state officer) divided into ten zones. The Divisional Secretariat Division (DSD) Sammanthurai covers an area of
52 sq. km. The total population of Sammanthrai DSD is 77,284, as per statistical data in 2021. The Sammanthurai
DSD has around 17,800 household units. Sammanthurai Pradeshya Saba is the local government authority re-
sponsible for managing solid wastes generated within this area according to the Pradeshya Saba Act No. 15 of
1987. This DSD consists of village and semi-urban areas. Sammanthrai Pradeshya Saba collects solid wastes,

including the KFW, from each household; however, the collection coverage may vary depending on many factors.

Data Collection

Ethical review

The study was reviewed by the Ethics Review Committee (ERC) of the Faculty of Technology of the South
Eastern University of Sri Lanka and was approved (ERC/FT/2022/15).

Sampling method and sample size
A simple random sampling method was used to select 75 households covering all ten zones. The households were
then divided into workable clusters considering proximity so that the households could be accessed within a few

minutes to collect data. The researcher(s) visited the households from each cluster on the same day.

Waste sample collection, segregation, and weighing

During the initial stage of the data collection, all 75 households were visited to complete the questionnaire to
collect data related to the households. Further, the households feeding domestic animals were also identified dur-
ing the initial stage. After the questionnaire survey was completed, the next stage of the data collection was done
where KFWs were collected from each selected household (within the workable clusters) and segregated accord-
ing to the waste composition/ type. Then, the weight of each segregated waste sample was measured using a
weighing scale. The waste collection, segregation, and weighing of wastes from each sampled household within
each workable cluster were performed daily for a week by visiting each household (each household was visited
seven times). Having daily data for seven days from each household weekly averages were calculated for all the

households. The data collection was carried out from April to June 2022 in the dry season.

Measuring the weight of KFW given to animals
As the process of weighing and recording data on KFW feeding is difficult, obtaining that data directly from the
households is not possible. Therefore, the researcher(s) negotiated with the households to identify convenient

dates for both parties to collect KFW feeding data. On the dates of mutual understanding, the researcher(s) visited
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the household that fed KFW to animals, to collect data. The day of visiting the household was determined based
on many factors, and those dates were not consecutive days. Each household was, however, visited seven days
within the three months of the data collection period. The households feeding KFWs to animals were requested
to keep the waste without feeding animals until the researcher(s) visited the household on the data collection day.
When the researcher(s) visited the households, the KFW were segregated and weighed. After weighing, the KFW
was fed to respective animals. The researcher(s) ensured that the animals consumed all the KFWs. As this process
required considerable time and was tedious, only a few houses could be covered within a day. Likewise, the same
process was continued with one household for seven days (not consecutive days). The total time spent to collect
data from all the households was three months. The number of animals feeding on these food wastes was also
recorded. Data on the kitchen food waste given to animals and feeding-related data were also collected for seven

days, and averages were calculated.

Questionnaire survey

A semi-structured and pre-tested questionnaire was used to collect the data from the prominent household member
responsible for handling the kitchen food waste. It consisted of questions about the type of waste generated at the
household level, the present household kitchen waste disposal practices, types of domestic animals and stray ani-
mals fed on food wastes, weights of KFW used for feeding domestic and stray animals, etc. The questionnaire

was filled out during the study by face-to-face field interview.

Estimation of greenhouse gas emission
Fugitive emissions of greenhouse gas emissions proposed by the IPCC 2006 Tier I method and 2006 IPCC Guide-
lines for National Greenhouse Gas Inventories (Eggleston et al. 2006) were used in the estimation of the reduction

of greenhouse gas emissions due to feeding kitchen food wastes to domestic animals.

Data analysis
Data were entered into Microsoft Excel worksheets and transferred to Statistical Package SPSS (version 26) for

statistical analysis. Descriptive analysis of the data was done using Microsoft Excel 2013.

Results and discussion

Household demographics details

Table 1 provides the characteristics of the respondents in the study. Household’s socio-financial demographic
characteristics are vital in waste control as they affect the type and quantity of waste generation (Etengeneng

2012).
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Table 1 Characteristics of respondents

Variables Category Response
Gender Female 100%
Age 20-29 16%
30-39 44%
40-49 28%
50-59 11%
60-69 1%
Household size Mean 4SD=1)
Educational level Primary 75%
Secondary 16%
Diploma 6%
Degree 3%
Employment status Unemployed 43%
Government 35%
Private Sector 15%
Own business 7%

According to Table 1, the results reveal that kitchen waste is solely handled by females (100%) in the study,
indicating females’ greater involvement in the cleanliness and sanitation of houses and their premises. Most of
the females (72%) involved in handling the kitchen waste were 30 — 49 years old. It was found that the mean
household size was 4. Most respondents (75%) received primary education, and a significant portion (43%) were
unemployed. Since the females perform the waste handling, the awareness among them about the kitchen waste
and its management will play a vital role in the disposal of kitchen food waste. According to Kumara and Pal-
legedara (2020), methods used for waste disposal by households vary corresponding to their socioeconomic char-
acteristics such as age, family size, education level, economic status, and living locality in Sri Lanka. For example,
household heads with primary education tend to burn household waste rather than give them for collection by
waste collectors. On the other hand, household heads with tertiary education levels (Diploma/Degree) tend to
choose collection by collectors rather than burning within their premises. (Taye et al. 2024) found that the em-
ployment status of households is an important factor influencing waste disposal methods at the urban household
level. The existing literature (Kumara and Pallegedara 2020; Taye et al. 2024) may indicate that waste disposal
methods at the household level vary from country to country, region to region within a country in addition to the
socio-economic characteristics of the households. Since the objective of this study is different, it did not put much

focus on the influence of the socio-economic characteristics of the households on waste disposal methods.
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Household waste generation rate

Fig. 1 shows the relationship between the quantity of waste generated and the number of family members. A
strong correlation between household waste generation rate and family size is observed (p<0.05, r=0.793). With
the increase in family size, the quantity of waste generated significantly increased. With the increase of family
size, the consumption increases paving the way for higher waste generation. The present findings are in agreement
with the previous study by Sujauddin et al. (2008) where it was found that families generate exceptional quantities
and types of waste based on their earnings, eating habits, family size, lifestyle, and academic and occupational

repute.
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Fig. 1 Relationship between family size and waste generated

Kitchen waste composition analysis
Fig. 2 shows the waste types generated by all 75 households per day on average. The KFW accounted for 37 kg

(49%), the highest composition of the total wastes, and the least was hazardous waste, which accounted for 1 kg.
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Fig. 2 Waste types generated by 75 households per day on average

In the household waste generation, food waste is the biggest component. The present findings are confirmed by
the previous studies. For example, a study by Jayathilake et al. (2023) found that food waste in daily municipal
waste accounted for 56.5% in Sri Lanka. According to Thirumarpan et al. (2015), food waste accounted for 79%
of the total waste generated by households daily in the Eravur urban council area in Sri Lanka. If the food waste
is collected separately from other waste materials at the household level, it is possible to use them as feed to
poultry, fish, and ruminants provided that they are in fresh form (Salemdeeb et al. 2017). Truong et al. (2019)
proposed that food waste generated from various sectors in the supply chain can be used as an alternative feed
ingredient in the poultry industry replacing corn and soy. Thus, food waste can be one of the important re-

sources that can be utilized as animals directly or in a processed form at domestic and industrial levels.

Food waste disposal method

Table 2 summarizes the KFW disposal methods adopted by the respondents in the study area.

Table 2. KFW disposal method by households

S/N  Waste disposal method Percentage of households
1 Households dumped their KFW on the roadside then Pra- 36%
deshya Saba collected it
2 Households fed their KEW to domestic animals 25%
3 Households gave their KFW directly to Pradeshya Saba 16%
4 Households open dumped their KFW in garden 11%
5 Households fed part of KFW to domestic animals (only suit- 5%
able portions) while the other part which is not Suitable for
the consumption of domestic animals was given to Pra-
deshya Saba.
6 Households buried their KFW in the garden 4%

Households fed their KFW to stray animals 3%

The results in Table 2 show that the majority of the households” KFW i.e., (items 1 and 3 both together amount

to 52%) were collected and disposed of by the Pradeshya Saba. In addition, when the KFW was not suitable to
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feed domestic animals, households gave those to the Pradeshya Saba for disposal which was practiced by 5% of
the households. These results may indicate that Pradeshya Saba is the main entity involved in the disposal of
KFW. The study found that 25% of the households disposed of their food waste by feeding it to the domestic
animals they raised. The present study found that another 3% of the households disposed of the KFW by feeding
those stray animals.

Another important finding of this study was that 43% of the households (i.e., feeding domestic animals — 25% +
open dumping in the garden — 11% + burying in the garden — 4% + feeding stray animals — 3%) in the study
sample did not dispose their KFW to the Pradeshya Saba which is the authorized government body to collect and
dispose of the household and municipal solid waste. Another 36% of the households dumped the KFW at the
roadside, and then the Pradeshya Saba vehicle collected the waste. When we discussed with the households about
the Pradeshya Saba collection, we found that the waste collection by the Pradeshya Sab was not performed daily.
Therefore, households dump their waste on the roadsides, and when the Pradeshya Saba vehicle comes for waste
collection, the wastes dumped on the roadsides are collected. The findings indicate that waste collection by the
authorized body is not efficiently done. We observed the stray animals feeding on waste dumped on the roadsides.
The KFW dumped openly in gardens is also consumed by domestic and stray animals. However, we were not in
a position to quantify those.

Kumara and Pallegedara (2020) concluded that waste collection methods by local authorities in rural areas were
extremely limited. As a result, people dumped their waste on roadsides and carried out open burning, which is in
agreement with our findings in the present study. Further, Kumara and Pallegedara (2020) suggested composting
as a method used by some households to dispose of their waste, which could be expanded further. However, the
present study found that a higher proportion of food waste is utilized as domestic animal feed in the study area,
but no one used the waste for composting. Therefore, an area-specific mechanism may be needed for the disposal
of different waste in participation with households, Pradeshya Saba, and other relevant stakeholders, which should
be socio-economically acceptable. Therefore, it is suggested to carry out more research studies to identify waste

disposal methods at local and regional levels to develop participatory and feasible waste disposal methods.

Consumption of KFW by domestic animals and birds

The number of domestic animals of different species in each house where they are reared was counted. The food
waste was weighed before being given to the domestic animals in each household. Having the data on waste
consumption by different animals in each house, the average waste consumption by different species of animals
was calculated and given in Table 3. As we stated already, 25% of the households fed their food waste to domestic

animals, which is 9.25 kg.

Table 3. Mean consumption of KFW with SD by domestic animals

Animals Mean consumption/animal/day
(®

Cats 91.7£44.97

Dogs 128+67.06

Village Chickens 47.8+£32.79

Cows 695+43.13
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Other birds 43.3+22.50

Table 3 shows the number of domestic animals consuming food waste at the household level in the study area.
Village chickens, cats, dogs, cows, goats, and other birds (i.e., geese, turkey, etc.) are identified as the domestic
animals consuming KFW in the study area. The village chicken is identified as the highest contributor to food
waste consumption which is 5.5 kg or 59.5% of the total food waste consumed by the domestic animals. The
number of village chickens was 115 from 25% of the households. Each village chicken consumed 47.8 g of food
waste per day as per this study (Fig. 3). Thus, it is expected that a large quantity of food waste can be consumed
by village chickens per year. The village chicken, functioning as a bio-converter, can convert food waste into eggs
and meat while assisting in disposing of food waste, and the village chicken contributes to the rural economy by
producing reliable protein sources (Fig. 3). According to Thariq et al. (2021), a higher consumer preference exists
for village chicken eggs; thus, a higher market price than commercial layer eggs is ascertained. Further, Atapattu
et al. (2016) found that domestic hens contribute 15% to national egg production and are at a much lower level to
meat production. Hence, the rearing of village chickens can be promoted when sufficient land and other require-
ments are fulfilled to manage domestic food waste. The local government authorities (Pradeshya Saba) and the
Department of Animal Production and Health can work together to promote bioconversion of food waste by vil-
lage chickens. The kitchen food waste is also fed to cats (5.9%), dogs (6.9%), cows (15%), and other birds
(12.7%). The contribution of cows to the disposal of kitchen food waste was comparatively low (15%) as the cows
were fed limited food waste.

The present study reveals that out of the 37 kg of food waste generated per day in the study area, 9.25 kg is
consumed by domestic animals, which is 25% of the food waste generated per day. From the findings of the study,
it is concluded that 25% of kitchen food waste per day is disposed of by domestic animals by consumption while
reducing the negative environmental effects of food waste (Thi et al. 2015). Feeding food waste to animals is
considered the best alternative to open dumping and landfilling which is also environmentally friendly and the
least cost or non-cost method (Sarker et al. 2022). The utilization of food waste by domestic animals seems prom-
ising and encouraging. According to Pinotti et al. (2021), food waste is regarded as an innovative practice con-
cerning the sustainability of animal feed and circular economy; however, ethical, safety and legal concerns still
exist. Further, the study was carried out during the dry season in the study area. The food consumption pattern as
well as the KFW generation and disposal pattern may be different during the rainy season in the study area. Due
to resources and time limitations, it was not affordable for this study to cover both seasons, hence, this is consid-
ered a limitation in this study. Therefore, we recommend extending this study with more resources in the future.
However, this study becomes globally relevant since it opens up further debates and avenues on the multidiscipli-
nary nature of KFW disposal. This requires the involvement of the global research community to carry out further
research on the utilization of KFW as animal feed and its circular nature concerning socio-economic and environ-

mental implications integrating legal concerns.
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Fig. 3 KFW disposal model for rural and semi-urban localities based on existing practices

Consumption of waste by stray animals and birds

The stray animals that came to consume the food waste were identified, and the numbers were counted. However,
it was difficult to estimate the food waste consumed by different types of stray animals in the present study since
several stray animals came together to feed on the food waste. It is found that 3% of food waste is fed to stray
animals by households. The stray animals, i.e. house crows, cats, dogs, cows, village chickens, squirrels, and other
birds, are identified as consuming food waste of 1.11 kg per day. Previous studies (Chandramohan et al. 2013)
found many stray animals, i.e. dogs, cows, pigs, and rats as well as birds such as crows, kites, efc., inside the waste
dumping sites. The risk of spreading diseases by stray animals that feed on waste in dumping sites and roadsides
was reported by several researchers (Kumar et al. 2019; Dayananda et al. 2021). Therefore, feeding stray animals
by households should be avoided and, in this regard, Pradeshya Saba should take necessary actions and also edu-

cate the households.

Reduction in greenhouse gas emissions via feeding kitchen food waste to animals

Jaglo et al. (2021) reported that food loss and waste accounted for 8 percent of anthropogenic greenhouse gas
emissions equal to 4.4 gigatons of carbon dioxide equivalent (CO,-e) annually. A meaningful reduction in this
amount will contribute to lower resource use and environmental impacts. The emissions from the food waste
landfill are 25 times greater than those from composting, even in the lowest net emissions landfill scenario. Poorly
managed on-site composts may result in higher methane and nitrous oxide emissions. Average net emissions of
kg CO2-e per tonne of food recovered through aerated pile or vessel and turned windrow composting are 16 and
22.5, respectively (NSWEPA 2021). Food waste processing into compost reduces emissions by 96% compared to
landfilling (NSWEPA 2021). Landfilling of food wastes produces 0.6 kg CO»-e per kg wet weight (600 kg CO»-
e per tonne) (Corona et al. 2020). However, greenhouse gas emissions due to feeding of KFW to animals consid-

erably reduce the greenhouse gas emissions.
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The study sample of households of 75 houses produced 37 kg of KFW daily out of which domestic animals
consumed 9.25 kg. Prevention of landfilling or open dumping reduces 5.55 kg CO»-¢ of greenhouse gases emitted
to the atmosphere in a day and 2,025 kg CO,-e of greenhouse gases within a year by 75 households. Assuming
the same trend applies to the Sammanthurai DSD, the total greenhouse gas emission reduction achieved could be

871 kg COs-e per day or 318 t CO,-e per year.

Conclusion

The study found that 49% of total domestic kitchen waste was food materials. The village chickens, cats, dogs,
cows, goats, and other birds were identified as the domestic animals in the study area. The crows, cats, dogs,
village chickens, squirrels, and other birds were identified as stray animals. The contribution of village chicken in
the disposal of KFW was the highest (59.5%), followed by cows (15%), other birds (12.7%), dogs (6.9%), and
cats (5.9%). The present study found that 9.25 kg (25%) of the KFW per day, on average, is disposed of by the
consumption of domestic animals. On average, each village chicken consumed 47.8 g of KFW per day. The pre-
sent study found that 3% (1.11 kg) of KFW was consumed by stray animals per day on average. Concerning the
reduction of greenhouse gas emissions, it was estimated that 871 kg CO2-e per day reduction could be achieved
by feeding the KFW to domestic animals. From the findings of the study, it is recommended that the rearing of
village chickens be promoted in the areas wherein it is possible to grow them. The local government authorities
(Pradeshya Saba) and the Department of Animal Production and Health can work together to promote the biocon-
version of KFW into egg and meat by village chickens. Further, Pradeshya Saba should take necessary actions
and also educate the households concerning the risk of spreading diseases related to feeding stray animals with
KFW. Further research is needed on the nutrient composition, quality, and safety of feeding kitchen food waste

to domestic animals.
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