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Abstract: Fish is a vital source of proteins and nutrients and can be eaten in many forms, one of which
is dried fish. In Cambodia, fish is mostly dried in traditional ways and can be subject to dust, flies,
rain, and weather events, resulting in low-quality products. These issues can be addressed by using
solar dryers. Thus, this study was aimed to (1) compare the socio-economic conditions between dried
fish processors practicing traditional drying and those using solar dryers, (2) to identify potentials and
challenges to dried fish production between the two groups, and (3) to determine the factors affecting
income. The study was conducted between May and August 2023, using purposive sampling to
select two groups of dried fish processors in three provinces along the river systems in Cambodia.
The selection criteria included (1) engagement in year-round dried fish production, (2) at least
100 kg of raw fish dried per month, and (2) willingness to participate in the interviews. Then,
35 dried fish processors that practiced traditional drying and 9 processors that utilized solar dryers
were selected. T-tests, chi-square tests, analysis of variance (ANOVA), Likert scale analysis, and
multiple linear regression model were used to compare the socio-economic conditions, perceptions,
and the factors affecting the income. The results show that the solar dryer group used more labor,
produced more dried fish, and had a higher selling price when compared to the traditional drying
group. They had more opportunities to attend training and trusted the solar dryer technology.
Meanwhile, the traditional drying group preferred direct sun-drying, but dried fish quality was better
when solar dryers were used. Experience, total costs, and the use of solar dryers affect the income.
In conclusion, using solar dryers tends to produce dried fish of better quality and a higher income,
which is good for both health and improved livelihoods of fish producers and sellers.

Keywords: protein; fish production; traditional drying; solar dryers; economic analysis

1. Introduction

Fish plays an important role in providing an excellent source of food and generating
employment across the world. About 17% of global animal protein comes from fish or
fishery-related products [1], while 10–12% of the world’s population depends on fisheries
and aquaculture for their livelihood [2,3]. Fish is also considered part of a healthy diet
because it contains Omega-3 fatty acids, vitamins, proteins, and minerals that can promote
body growth and immune systems while preventing high blood pressure and the risk of
a heart attack [4–6]. The protein content of raw fish ranges from 15 to 20% of the body
weight and it is low in fat [7]. Meanwhile, the main vitamins found in fish include vitamin
D and B2, known as riboflavin, and it is also rich in calcium and phosphorous which
are good for health [8]. Thus, fish is recommended to be eaten at least twice a week for
balanced health [9].
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In Cambodia, fish is the most important protein source because it provides 75% of
all animal protein intake [10], and it is also the most consumed food after rice. More than
2 million people in Cambodia make their living in fisheries or related activities [11]. In
the early 2010s, the average apparent fish consumption was 63 kg/person/year, of which
70% came from inland fish [12,13]. However, it was reduced to 42.7 kg/person/year in
2017 [11], while the average fish consumption per capita in Asia and in the world is 24.5 [14]
and 17 kg/person/year, respectively [15]. Fish is also exported abroad, and the whole
fishery sector contributed to 5.5% of the gross domestic product (GDP) of Cambodia in
2019, which was higher than that of livestock (2.2%) [16]. In the Tonle Sap River, an average
household catches 263 kg of fish annually, 11% of which is processed, while the rest is sold
fresh directly to wet markets [17]. Nevertheless, higher added value can be created with
proper fish processing.

Fish possesses extreme perishable characteristics [18,19], so it is usually processed in
various forms for longer use [20]; the final outcome can be in the form of paste or dried
products. One of the most common practices in Cambodia is fish drying, which is part
not only of food and economy but also of culture deeply adherent in the society. Cambo-
dian people prefer direct sun-drying techniques [21], but open sun-drying is considered
ineffective in terms of hygiene and nutrition, which can cause health-related issues [15,22].
Without proper covering, fish can be exposed to extreme ultraviolet radiation that can dam-
age nutrient sources inside and darken the outer part of the drying fish [23]. In addition,
there are more opportunities for contamination causing food safety issues.

Biologically, sun-dried fish are subject to variations in temperatures and humidity be-
cause the climate is not controllable, thereby affecting the chemical and physical properties
that lead to low-quality products. The temperature obtained directly from the sunlight even
during the hottest hours is normally less than 40 ◦C, which prolongs the drying process.
This results in a waste of time and energy. That is why solar drying is recommended to
shorten the drying process [24]. Open sun-drying also exposes fish to dust, rain, insects, or
rodents, which is considered unhygienic for consumption [25,26].

To solve these issues, solar dryers are used because they are a closed drying system
that produces heat inside the drying chambers to dry the intended products without letting
them be contaminated by external factors [27]. This process leads to faster moisture removal
from products being dried. The climate inside the dryers is more controllable with an
average temperature of 30–60 ◦C [28], which almost doubles the temperature measured
in the outside atmosphere. One study found that temperatures can be maintained at
50–52 ◦C in different trays [29] and some mentioned that during the peak hour the temper-
ature can reach 62 ◦C, which is almost twice the ambient temperature [30], which can heat
up the air inside faster and lead to faster fish drying. In short, there are many advantages
that can be obtained from using solar dryers when compared to other drying processes,
such as shortening the drying period, producing better quality of dried fish and reducing
energy consumption [31].

For improved adoption of this technology by fish producers and processors it is
important to understand its perceptions, challenges, and needs. The evaluation of the
benefits and economics of solar dryers compared to traditional sun-drying is needed.
Such information and data are limited in Cambodia. An improved understanding will
allow development of strategies to enhance adoption and support of fish producers and
processors through knowledge sharing and outreach activities. In addition, it will also
help the engagement of the private sector and the government sector to provide solar
drying systems to support fish producers and processors. The sustainability of fish-drying
businesses in Cambodia depends largely upon proper techniques such as reliable solar
dryers, which can both increase the household income and enhance human health.

The overall objective of this study was to identify the effect of the use of solar dryers
on the household economies of dried fish processors in Cambodia. Thus, the specific
objectives were to (1) compare the socio-economic conditions between dried fish processors
that practice traditional drying and those that use solar dryers, (2) identify potentials and
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challenges to dried fish production between the two groups, and (3) determine the factors
affecting income.

2. Materials and Methods

The study was conducted from May to August 2023 using a quantitative approach
to understand the differences in dried fish processing in two main river regions where
fisheries and fish processing are widespread in Cambodia [13]. These were Kampong Cham
Province on Mekong River and the Kampong Thom and Siem Reap Provinces in Tonle
Sap River (Table 1; Figure 1). The full process of obtaining the data started with initial
desk reviews, consultation with relevant stakeholders, prior identification of interviewees,
questionnaire formation, a preliminary survey along with phone communications, and a
final survey after adjustment of the questionnaires based on preliminary survey results.

Table 1. Sample size selection for two kinds of dried-fish processors in three different provinces.

River Province

Type of Processor

TotalTraditional
Drying Group

(n = 35)

Solar Dryer
Group
(n = 9)

Mekong Kampong Cham 5 2 7
Tonle Sap Kampong Thom 27 3 30

Siem Reap 3 4 7
Total 35 9 44
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Figure 1. Map of the studied locations and location points of interviewed dried fish processors in
three provinces: Kampong Cham, Kampong Thom, and Siem Reap, along the two main Cambodian
river systems, namely Mekong River and Tonle Sap River.

2.1. Sampling Method

In this survey, purposive sampling was employed by categorizing the samples into
two groups: fish processors who utilized solar dryers as the only means of producing dried
fish and processors who practice direct sun-drying, also called traditional drying. A set of
criteria was applied to select the samples: selected dried fish processors (1) had to run their
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business year-round; (2) had a minimal production of at least 100 kg of raw fish per month;
and (3) were reachable and willing to participate in the face-to-face interviews along with
phone calls in case of requiring additional information.

2.2. Sampling Size

In the studied locations, only a small percentage of people practiced fish drying as
their business, and they were scattered. Despite that, sufficient sample sizes are important
for statistical tests. Many scientific studies have suggested that a minimum sample size
of 30 is enough to disregard non-normality, so that statistical analysis can be performed
parametrically [32–34]. Therefore, to be more accurate, this study took an extra 17% for the
traditional drying group, so the total sample size for this group was 35.

In Cambodia, so few dried fish producers utilize solar dryers because this technology
is new [21]. Thus, the sample size that could be actually obtained for this second group
was only 9, only 30% of the required minimum sample size. Many studies also mention
that in cases when samples are hard to find or are already rare, the study is still possible
and can be carried out to understand the situation of that small sample size [35,36].

The samples of each group were selected from three provinces. In the traditional
drying group, 27 were chosen from Kampong Thom because this province has the most
active fish-drying activities. Meanwhile, only 5 and 3 respondents were selected from
Kampong Cham and Siem Reap Provinces, respectively. In the solar dryer group, 2 samples
were selected from Kampong Cham, 3 from Kampong Thom, and 4 from Siem Reap (Table 1;
Figure 1). A name list of the respondents was created before the survey started, and this
was achievable through a preliminary survey, key informant interviews (KIIs), data from
relevant provincial departments, and then prior contacts with potential respondents. The
name list contains the respondents’ names, contacts, locations, and types of fish-drying
technology, so the survey was conducted smoothly and timely.

2.3. Data Collection, Analysis, and Interpretation

The data were collected using well-structured questionnaires specifically designed
for the two different groups of dried fish processors: the traditional drying group and the
solar dryer group. The questions contained six main sections that included household
information, types of fish popularly purchased for producing dried fish, the economics of
production, types of drying techniques, training, and perceptions with respect to current
fish-drying practices.

2.3.1. Independent Two-Sample T-Test

The collected data were first entered and cleaned in MS Excel, while the analysis
was performed using R Program (version 3.3.0+) and RStudio (version 2023.06.1 + 524),
which are available for free online. Independent two-sample t-tests were adopted to
compare all quantitative data between the two processor groups at the error level of
5% (95% confidence level). Before performing the tests, assumptions of normality and
homogeneity were checked and verified. However, as the sample sizes of the two groups
were unequal and might be heterogenous, Welch’s test was also performed to double-check
the analysis results [37,38].

2.3.2. Chi-Square Test

In this study, two kinds of chi-square tests were used: a chi-square test for good-
ness of fit applied to measure how well a statistical model fits into a set of observations
and a chi-square test of independence to check whether two categorical variables are
related or not. Statistically significant differences were determined at the error level of
5% (95% confidence level) [39,40].
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2.3.3. Two-Way Analysis of Variance

A two-way analysis of variance (ANOVA) was also used to compare numerical data
such as the quantity of raw fish purchased, prices of raw fish, and prices of dried fish
between two variables: the processor groups and the operational seasons. Because the
sample sizes of the two groups were unequal, Welch’s ANOVA was also performed to
verify the analysis result. Only when significant differences were observed for any variables
or their interaction at the error level of 5% (95% confidence level), post hoc tests were
performed using the adjusted least significant difference (LSD) in Bonferroni’s test.

2.3.4. Likert Scale Analysis

Likert scale analysis was used in this study to evaluate and compare a set of dried
fish quality parameters between the two groups based on challenging issues related to
dust, flies, rain, product color, product odor, and stiffness. A five-point score was applied
to evaluate those issues: 1 (no issue), 2 (small issue), 3 (moderate issue), 4 (big issue),
and 5 (very big issue) [41,42]. For the respondents from the traditional drying group, the
questions were asked only once, while the solar dryer group was asked the same questions
twice because they were evaluated before and after using the solar dryers. To understand
and compare the issues properly for this case, the data were analyzed and compared
between the traditional drying, the period before solar dryer use, and the period after
solar dryer use. Likert scale analysis was also used to identify prioritized potentials and
constraints to the fish-drying techniques implemented by the two processor groups. Unlike
the assessment of dried fish quality, a five-point score applied to evaluate the perception is
based on agreement: 1 (strongly disagree), 2 (disagree), 3 (moderately agree), 4 (agree), and
5 (strongly agree).

One-way ANOVA was adopted to compare mean scores rated for each issue suggested
by the groups at the error level of 5% (95% confidence level) [43,44]. All assumptions were
checked and verified before performing the test and, in case of statistically significant
differences, means were separated using the adjusted LSD in compliance with Bonferroni’s
test [45,46].

2.3.5. Multiple Linear Regression

To further understand the economic conditions and to determine the factors affecting
the income generated by the dried fish processors in the studied locations, the multiple
linear regression model was applied, considering the income earned per ton of dried fish
as a dependent variable [47,48]. Meanwhile, predictor variables that might influence the
income were age; educational level; all available labor, including household and hired labor;
years of fish-drying experience; a chance of attending training related to fish processing;
current fish-drying technique adoption; traditional drying or solar dryer use; and total
production cost (Table 2).

The multiple linear regression model is presented below [48]:

Y = β0 + β1X1 + β2X2 + . . .. . .. . .. . .. . .. . .. + βnXn + ε (1)

Table 2. Description of all variables used for performing multiple linear regression.

No. Variable Description Letters

Dependent variable
1 Income (USD/T dried fish) Y

Predictor variables
1 Age (year) X1
2 Educational level (year) X2
3 Available labor (person) X3
4 Fish-drying experience (year) X4
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Table 2. Cont.

No. Variable Description Letters

5 Chance of attending training
related to fish processing

0 = Never attend training
1 = Used to attend training X5

6 Current fish-drying technique
adoption

0 = Traditional drying
1 = Solar dryer use X6

7 Total production costs (USD/T
dried fish) X7

8 βi
The slope of individual

predictor variables
9 ε Error

2.3.6. Economic Analysis

To compare the economic aspects of the two processor groups, dried fish production
was evaluated based on total variable costs (TVCs), total fixed costs (TFCs), total costs
(TCs), total revenues (TRs), total profits (TPs), and economic efficiency [49]. To simplify
the comparison between the two processor groups, the same unit for all these parameters
was used, which included USD (US Dollars)/kg of dried fish produced, also abbreviated as
USD/kg dried fish; and USD/T dried fish, calculated by multiplying USD/kg dried with
by 1000 [50].

Normally, TVC, TFC, and TC were calculated based on the purchase of raw fish, and
the weight of raw fish was reduced after being dried as a final product. Thus, conversion
was required by multiplying those values with the weight of dried fish produced from one
kg of raw fish, while this coefficient was obtainable through the data collected from the
questionnaire.

TFC is the sum of all depreciated costs (DCs) needed to operate dried fish production.
DC was calculated from tools/equipment, solar dryer use, and truck use for transportation,
depending on their lifespans [51]. In this study, it was assumed that the lifespans of
a solar dryer and a second-hand truck are 5 years. A longer lifespan can be assumed
according to the real quality of the products; however, the longer the lifespan, the smaller
the DC. Because economic analysis in this study was based on USD/kg of dried fish, very
small depreciation costs may be hard to visualize. The DCs of a solar dryer and a truck
(USD/kg dried fish) are calculated by dividing the annual depreciation costs by lifespan
and then by annual dried fish production.

TR was calculated based on the weight of sold dried fish multiplied by selling prices.
There are two prices, either retail or wholesale, but in this study, wholesale prices were
used to calculate TR because it is more common for the two processor groups.

The following are the formulas of DC, TC, TR, TP, and economic efficiency [49]:

DC =
PV − SV

L
(2)

TC = TVC + TFC (3)

TR = P × Q (4)

TP = TR − TC (5)

Economic efficiency =
TR
TC

(6)

3. Results

Characteristics of fish-drying practices and investment in the dried fish business were
seen to differ between dried fish processors that practice traditional drying and those who
utilize solar dryers. Fish species and fish amounts required for the production were also
different between the two groups. Based on participant opinions, they preferred specific
ways of fish drying due to their own knowledge and habits, affordability, and perspectives.
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3.1. Household Status of Dried Fish Business
3.1.1. Gender

The ratios of the genders of the dried fish processors interviewed in the studied
locations were compared between the processor groups in order to understand the demo-
graphic actively engaged in dried fish production (Table 3). The results show that women
had the largest percentage in providing responses to the interviews, regardless of the
groups. For the traditional drying group, 89% were female respondents, while there were
67% for the solar dryer group. The interviews were purposively conducted to obtain as
accurate information as possible, and only women directly involved in fish-drying activities
provided the needed responses. For the male respondents in this study, they were also
constantly engaged in the business, so they also provided responses; that is the reason why
male respondents were also selected for interviews.

Table 3. Comparison of the household status of dried fish processors with traditional drying and
with solar dryers.

Parameter

Drying Technique

Grand Mean Pr (>t) Pr (>χ2)
Traditional

Drying Group
(n = 35)

Solar
Dryer Group

(n = 9)

Gender 0.275 ns

Male 4 (11%) 3 (33%)
Female 31 (89%) 6 (67%)

Age (year) 43.6 ± 2.0 45.2 ± 3.0 44.4 ± 2.5 0.649 ns

Education 0.223 ns

No education 3 (9%) 1 (11%)
Primary 6 (17%) 0 (0%)

Secondary 19 (54%) 5 (56%)
High school 6 (17%) 1 (11%)
University 1 (3%) 2 (22%)
Household

member 5.4 ± 0.35 4.8 ± 0.46 5.1 ± 0.41 0.277 ns

Female member 2.7 ± 0.27 2.4 ± 0.34 2.6 ± 0.31 0.540 ns

Dried fish
processing as main

job
0.895 ns

Yes 28 (80%) 8 (89%)
No 7 (20%) 1 (11%)

Years of fish-drying
experience 8.3 ± 1.6 11.7 ± 3.0 10.0 ± 2.3 0.333 ns

Members involved
in fish-drying

activities
2.5 ± 0.24 1.9 ± 0.26 2.2 ± 0.25 0.076 ns

Hired labor <0.001 ***
Yes 6 (17%) 8 (89%)
No 29 (83%) 1 (11%)

Number of hired
laborers 1.5 ± 0.2 5.6 ± 1.1 0.007 *

Monthly fees for
hired laborers
(USD/month)

248.0 ± 25.6 178.7 ± 27.3 213.4 ± 26.5 0.343 ns

Note: Categorical data are presented with frequency and percentage and numerical data with mean values (mean
± SE). Pr (>t) and Pr (>χ2) represent probability values for independent two-sample t-test and chi-square test
of independence, respectively, while asterisks “*” and “***” denote statistical significances at α < 0.05 and at
α < 0.001, respectively. Abbreviation “ns” means non-significance; then, a grand mean calculation between the
two groups was applied.

3.1.2. Age and Education

The two processor groups were compared by age, regardless of gender, to detect
the effects of age on particular fish-drying practices (Table 3). There was no difference
in age between the two groups (p = 0.649), and the mean age of all the respondents was
44.2 ± 2.5 years. The education level of the two processor groups was also compared
(Table 1). For the traditional drying group, 80% of the respondents could not reach high
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school, while 13% finished high school and 3% obtained a bachelor’s degree. Similarly,
more than half of the participants in the solar dryer group could not reach high school, but
22% attended university for their bachelor’s degree.

3.1.3. Household Members and Female Members

The numbers of total household members and specifically females were compared
between the two processor groups (Table 3), and significant differences were not observed
in the two cases: number of household members p = 0.277 and number of female members
p = 0.540. Regardless of the groups, each household had about 5 members, of whom
2–3 were females.

3.1.4. Fish-Drying Business and Experience

All the respondents interviewed in this study were dried fish processors, but not all
of them took up this business as their first income-earning job; however, the vast majority
of the two processor groups did (Table 3). The percentage of both groups with dried fish
businesses as their first job was not significantly different (p = 0.895), and it was high
(80–89%); the rest reported engaging in this business as a second job.

When asked about the experience of producing dried fish, all the respondents in
the two processor groups reported having many years of experience, but there was no
significant difference between them (Table 3; p = 0.333). Regardless of the groups, they all
had around 10 years of fish-processing experience in producing dried fish for the market.

3.1.5. Labor in Dried Fish Production

Household labor, hired labor, and monthly wages were studied and compared between
the two processor groups (Table 3). Active household labor required was similar among
the two groups (p = 0.076). On average, two people within each household were engaged
in producing dried fish. To fully support the business, almost all of the solar dryer group
hired extra labor, while only 17% in the traditional drying group needed that (p < 0.001).
The number of hired workers was also significantly different between the groups (p = 0.007).
It was almost four times higher in the solar dryer group (5–6 persons) than in the traditional
drying group (1–2 persons). On a monthly basis, each group had to pay a similar amount
of money, 213.4 ± 26.5 USD/month (p = 0.343).

3.2. Fish, Fish Quantity, and Source of Supplies
3.2.1. Fish Quantity and Prices

The quantities of fish required as main inputs for processing and their prices were
compared between the two processor groups, considering seasonal changes (Figure 2). In
addition, the percentage of each processor group that changed the size of seasonal production
and fish quantities were also compared to understand their differences (Table 4). The results
show that the quantity of raw fish required for dried fish production differed by processor
group (PT < 0.001), but not by season within the same group (PS = 0.674; Figure 2A). No
interaction between processor group and seasonal production was observed (PTxS = 0.898).
Therefore, the result is presented by comparing the amount of required raw fish by processor
group only. Regardless of seasons, the solar dryer group needed a much larger quantity of
raw fish to fulfill its weekly dried fish production (785.0 ± 53.10 kg/week) when compared
to the other group (169.5 ± 4.12 kg/week), which was almost five times lower.

Prices of raw fish purchased for producing dried fish were significantly different
between the two processor groups (PT = 0.003) but were not subject to seasonal changes
(PS = 0.382; Figure 2B). Besides that, the interaction between the processor groups and
seasonal purchases was not detected (PTxS = 0.422). Thus, the result of the study is presented
by comparing raw fish prices between the two processor groups only. The traditional drying
group had higher prices for raw fish than those who used solar dryers, 3.5 ± 0.02 and
2.9 ± 0.07 USD/kg, respectively. This is because the participants in the solar dryer group
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tend to buy in large quantities and have a more secure supplier and price, which may lead
to price reduction when compared with the traditional drying group.
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Figure 2. Seasonal changes in fish quantity (A) and prices of fish (B) among the two groups. Different
alphabetical letters signify different means.

Table 4. Comparison of seasonal changes in fish quantity and supplies used by the two groups.

Parameter
Drying Technique

Pr (>t) Pr (>χ2)Traditional Drying
(n = 35)

Solar Dryer Use
(n = 9)

Changing fish quantity for
drying by season <0.001 ***

Yes 12 (34%) 1 (11%)
No 23 (66%) 8 (89%)

Quantity changed between the
seasons (kg) 29.6 ± 12.61 100 ± 0.0 N/A

Interval for drying new fish
(day) 2.5 ± 0.31 1.0 ± 0.01 <0.001 ***

Dried fish yield (kg/kg raw
fish) 0.5 ± 0.02 0.5 ± 0.04 0.722 ns

Day spent for drying before
sales (day)

During dry season 1.9 ± 0.33 0.9 ± 0.14 0.009 **
During rainy season 2.5 ± 0.33 0.8 ± 0.12 <0.001 ***

Annual fish-drying period
(month) 12 12 N/A

Fish supply sources in dry
season 0.053 ns

Local 35 (100%) 7 (78%)
Overseas 0 (0%) 2 (22%)

Fish supply sources in rainy
season N/A

Local 35 (100%) 9 (100%)
Overseas 0 (0%) 0 (0%)

Note: Categorical data are presented with frequency and percentage, and numerical data with mean values
(mean ± SE). Pr (>t) and Pr (>χ2) represent probability values for independent two-sample t-test and chi-square
test of independence, respectively. Asterisks “**” and “***” denote statistical significances at α < 0.01 and at
α < 0.001, respectively. Abbreviation “ns” means non-significance. N/A, not available.

Seasonal changes in dried fish production were mostly observed with processors that
practice traditional drying (Table 4; p < 0.001). About a third of the respondents from the
traditional drying group reported changing fish quantities of approximately 30 kg/season,
which is considered rather small, while one-ninth of the respondents from the solar dryer
group reported changing dried fish production. However, the amount was rather high,
around 100 kg of seasonal changes in required fish quantities.
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3.2.2. Drying Interval and Fish Supply Source

After raw fish was purchased, it was prepared right away by the two processor groups
to ensure its freshness for drying. Nevertheless, the time interval for replacing a new
batch of dried fish was seen to differ among the two groups (Table 4; p < 0.001), and the
respondents from the traditional drying group spent more time replacing new fish between
each drying period when compared to those who had solar dryers. The time interval was
2.5 ± 0.31 and 1.0 ± 0.01 days, respectively. The results show that dried fish processors that
practice traditional drying depend heavily on their own labor to prepare fish for drying,
whereas the other group is more specialized, better equipped, and supported by hired labor
to ensure timely work.

The average number of days required for drying fish until it is ready for sale and
annual fish-drying activities were compared between the two processor groups (Table 4).
Regardless of the seasons, the respondents from the traditional drying group spent more
time drying fish, and they spent half a day more during the rainy season for the same
purpose. Unlike this group, the respondents who utilized solar dryers could maintain a
similar drying period of approximately one day in both seasons. These findings really show
the advantages of using solar dryers to cope with the effects of weather and temperature.
Although there was some change in the time required for drying fish according to the
seasons, fish-drying activities were carried out the whole year by the two groups.

To understand the demands for raw fish by season, both groups were asked about
sources of supplies, which are both domestic and from abroad (Table 4). In the rainy season,
fish were abundant, so the whole source of supplies was available locally, and the two
processor groups did not seek fish supplies from outside the country. Nevertheless, in
the dry season, fish supplies were limited, but all still preferred local supplies rather than
depending on the outside source, except for a small proportion of the solar dryer group
that reported purchasing fish from the neighboring countries, specifically from Vietnam, to
meet their production demand.

3.2.3. Popular Fish Species and Their Share in Production

There were several specific fish species popularly selected to produce dried fish, and
more options were found with the respondents from the traditional drying group (Table 5).
All the respondents in both processor groups used giant snakehead (Channa micropeltes) for
their business, while only 60% of the traditional drying group and 78% of the solar dryer
group reported using striped snakehead (Channa striata). For walking catfish, 44% of the
respondents in the solar dryer group used that fish. Less than 10% of the respondents from
the traditional drying preferred walking catfish (Clarias batrachus), but they opted to use
pangasius (Pangasius djambal) and spotted-ear catfish (Pangasius larnaudii).

Table 5. Comparison of fish species commonly selected for making dried fish and their shares in the
whole production between processors that practice traditional drying or use solar dryers.

Parameter

Drying Technique

Pr (>χ2)Traditional
Drying Group

(n = 35)

Solar
Dryer Group

(n = 9)

Giant snakehead
(Channa micropeltes) N/A

Yes 35 (100%) 9 (100%)
No 0 (0%) 0 (0%)

Striped snakehead
(Channa striata) 0.615 ns

Yes 21 (60%) 7 (78%)
No 14 (40%) 2 (22%)

Walking catfish
(Clarias batrachus) 0.013 *
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Table 5. Cont.

Parameter

Drying Technique

Pr (>χ2)Traditional
Drying Group

(n = 35)

Solar
Dryer Group

(n = 9)

Yes 2 (6%) 4 (44%)
No 33 (94%) 5 (56%)

Pangasius
(Pangasius djambal) 0.538 ns

Yes 5 (14%) 0 (0%)
No 30 (86%) 9 (100%)

Spotted-ear catfish
(Pangasius larnaudii) 1

Yes 2 (14%) 0 (0%)
No 33 (86%) 9 (100%)

Others 0.538 ns

Yes 5 (6%) 0 (0%)
No 30 (86%) 9 (100%)

Share of fish species for overall
dried fish production (%)

Giant snakehead 81.0 70.0
Striped snakehead 13.7 24.5

Walking catfish 0.3 5.5
Pangasius 2.1 0

Spotted-ear catfish 0.3 0
Others 2.7 0
Total 100 100

Note: Asterisk “*” denotes statistical significances at α < 0.05. Abbreviation “ns” means non-significance.
N/A, not available.

Of all the fish species purchased for fish drying, giant snakehead was the most popular,
accounting for 81% and 70% for the traditional drying and solar dryer groups, respectively
(Table 5). Striped snakehead ranked second in popularity, and its share was almost twofold
in the solar dryer group. Other fish species were not so popular and had a very small share
in the total dried fish production between the two groups.

3.3. Fish-Drying Technology and Support
3.3.1. Sources of Drying Technology

Fish was dried in different means between the two processor groups (Tables 6 and 7).
The traditional drying group used fish-drying racks as a means of drying their fish. The
racks were commonly made from bamboo sticks and raised one meter above the ground.
This structure had no cover to prevent dust, flies, or rain. However, in case of rain, a plastic
cover was spread over to avoid wetting. Additionally, about 17% of the respondents from
this group resorted to using heat from cooking stoves to help remove fish moisture faster,
so that fish could be sold regularly and timely.

Table 6. Drying structures and heat source used by dried fish processors that practice traditional
drying (N = 35).

Description Frequency Pr (>χ2)

Fish-drying racks <0.001 ***
Yes 35 (100%)
No 0 (0%)

Stove heat <0.001 ***
Yes 6 (17%)
No 29 (83%)

Note: Asterisks “***” denotes statistical significances at α < 0.001.



Sustainability 2024, 16, 2130 12 of 25

Table 7. Characteristics of solar dryers and associated support for dried fish processors that use solar
dryers (N = 9).

Description Mean ± SE Frequency Pr (>χ2)

Type of solar dryer 0.096 ns

Solar dryer dome (SDD) 7 (78%)
Electricity-aided solar dryer 2 (22%)
Source of fabrication support 0.019 *

NGOs 8 (89%)
Own fabrication 1 (11%)

Price of solar dryer (USD/set)
Solar dryer dome 1733

Typical solar dryer 1000
Year of installation 0.019 *

2019 1 (11%)
2023 8 (89%)

Share of installation funding
NGOs 60%

Own spending 40%
Seeking loan for spending 0.739 ns

Yes 5 (56%)
No 4 (44%)

Willingness to install one more
solar dryer 0.739 ns

Yes 5 (56%)
No 4 (44%)

Note: Categorical data are presented with frequency and percentage, and numerical data with mean values (mean
± SE). Pr (>χ2) represent probability values for chi-square test of independence. Asterisk “*” denotes statistical
significances at α < 0.05, while abbreviation “ns” means non-significance.

In contrast, the solar dryer group used two kinds of solar dryers: solar dryer dome
(SDD) or solar dryer modified to run on electricity as a source of heating (Table 7). Among
them, 78% of the respondents used SDD and only 22% used the latter. Almost all these
solar dryers were installed by local suppliers through coordination and support from
some NGOs, except for one solar dryer self-fabricated by the owner. In comparison,
the prices of SDD were much higher than those of the modified solar dryers, 1733 and
1000 USD/set, respectively. All the solar dryers available in the studied locations were
newly installed because eight out of nine were installed in 2023, and only one was installed
in 2021. This result may show that the adoption of solar dryer technology remains new to the
Cambodian context.

3.3.2. Technology-Related Funding Source

The respondents from the solar dryer group were asked whether they invested their
own money in installing solar dryers, and all said yes, but with prior encouragement and
partial financial support from some NGOs (Table 7). To set up one solar dryer in any form,
the owners spent around 40%, and the rest of the cost relied on the funding. Although the
respondents used their own money to set up the solar dryers, still, they needed to seek
loans to support installation. In this regard, five of nine respondents reported taking out
loans from various sources such as relatives and micro-finances. For those who wished
to expand their business, they were willing to install a new solar dryer in the near future.
According to Table 7, five of nine respondents were willing to do so.

3.4. Dried Fish Quality

Dried fish quality was evaluated based on a five-point Likert scale and compared
in three conditions: traditional drying; the period before the solar dryer group started
to use solar dryers; and the period after their use (Table 8). There were seven types of
quality evaluated: dust, flies, color, rain, odor, mold, and stiffness. Issues with dust were
significantly different (p < 0.001), and they were rated small when solar dryers were used.
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Table 8. Comparison of fish drying-related problems between traditional drying and solar drying
categorized into before and after solar dryer use.

Description Dust Flies Color Rain Odor Mold Stiffness

Traditional drying 2.5 a 2.6 b 1.7 b 2.3 b 1.7 b 1.9 b 2.2
Before solar dryer use 2.6 a 3.2 a 3.0 a 3.2 a 2.6 a 2.9 a 2.7
After solar dryer use 1.3 b 1.9 c 1.9 b 1.3 c 1.7 b 1.8 b 2.4

Pr (>F) <0.001 *** 0.002 ** 0.004 ** <0.001 *** 0.012 * 0.021 * 0.365 ns

Note: Asterisks “*”, “**”, and “***” denote statistical significance at α < 0.05, α < 0.01, and at α < 0.001, respectively,
while “ns” means non-significance. Different alphabetical letters signify different means. The values shown in the
table are mean values calculated from a 5-point Likert scale: not at all (1), small (2), moderate (3), big (4), and
very big (5).

Problems with flies also differed among the three cases (p = 0.002). A low score was
seen with the use of the solar dryer: 1.9. Meanwhile, traditional drying and the period
before solar dryer use had higher scores and ranged from 2.6 to 3.2, which means moderate
issues with flies.

The color of dried fish was also compared by asking the respondents’ opinions, and
the result was significantly different among the three conditions (p = 0.004). The solar dryer
group expressed that the color problems were solved after using solar dryers. Similarly, the
traditional drying group reported having small problems with color, but the result may
show that they had nothing to compare because they practice only traditional drying and
did not want to comment on their practices.

Rain problems were also significantly different among the three conditions (p < 0.001);
using solar dryers could potentially prevent the drying fish from the rains. Without a solar
dryer, problems with the rain ranged from little to moderate. According to their responses,
the traditional drying group experienced occasional rain interruption, which was similar to
those in the solar dryer before they had solar dryers. However, after using the solar dryers,
they no longer had problems with rains.

Problems with bad odor that comes from dried fish were also evaluated and compared
based on the respondents’ opinions. Significant differences in odor rates were observed
(p = 0.012). The solar dryer group reported that these problems decreased significantly after
using solar dryers. This is because fish moisture and air moisture inside the drying chamber
could be controlled with high heat. In contrast, the respondents from the conventional
group reported having insignificant problems with bad odor.

Problems with mold were also evaluated and compared using the same method, and
the results show that the problems were significantly different (p = 0.021). The solar dryer
group had moderate problems with mold before using solar dryers, but the problems were
solved after the use of solar dryers. Meanwhile, the traditional drying group also reported
having occasional problems with mold. Despite that, after a series of discussions with this
group, some participants reported having experience in removing or rinsing mold that
grew on their dried fish so that it was still sellable. With this finding, the advantages of
using solar dryers to maintain the quality of dried fish can be highlighted.

Stiffness that appeared in the fish after a certain period of drying was also evaluated
and compared based on the respondents’ opinions (Table 6). Significant differences in
stiffness were not detected even after the use of solar dryers (p = 0.365). All the respondents
felt that their dried fish became hardened, and those from the solar dryer group mentioned
that fish became stiff faster when using the solar dryers, although the mean scores were not
significantly different.

3.5. Dried Fish-Related Training and Capacity Building
Fish Quantity and Prices

The two groups of dried fish processors were asked whether they had ever joined
training on fish processing and other related training: fish-drying technique, solar dryer use,
hygienic processing, processing standards, packaging technique, marketing strategies, and
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business planning (Table 9). All the respondents from the solar dryer group had experience
of joining training programs related to fish processing, while only 37% from the traditional
drying group used to join the training.

Table 9. Comparison of fish-drying-related training programs attended by dried fish processors with
traditional drying and with solar dryer use.

Parameter
Drying Technique

Pr (>χ2)Traditional Drying
(n = 35)

Solar Dryer Use
(n = 9)

Attend training related to
fish processing 0.003 **

Yes 13 (37%) 9 (100%)
No 22 (63%) 0 (0%)

Fish-drying technique 0.132 ns

Yes 8 (23%) 5 (56%)
No 27 (77%) 4 (44%)

Solar dryer use 0.685 ns

Yes 7 (20%) 3 (33%)
No 28 (80%) 3 (67%)

Hygienic processing <0.001 ***
Yes 11 (31%) 9 (100%)
No 24 (69%) 0 (0%)

Processing standard 0.020 *
Yes 7 (20%) 9 (67%)
No 28 (80%) 3 (33%)

Packaging technique <0.001 ***
Yes 0 (0%) 4 (44%)
No 35 (100%) 5 (56%)

Marketing strategies <0.001 ***
Yes 0 (0%) 6 (67%)
No 35 (100%) 3 (33%)

Business planning 0.459 ns

Yes 0 (0%) 1 (11%)
No 35 (100%) 8 (89%)

Note: Asterisks “*”, “**”, and “***” denote statistical significance at α < 0.05, α < 0.01, and at α < 0.001, respectively,
while “ns” means non-significance.

Regarding fish-drying techniques, it is likely that those from the solar dryer group
had more chance of attending training, accounting for more than 50% of the interviewees
for that group. Meanwhile, only 23% of the traditional drying group received training
in fish-drying techniques. In terms of solar dryer use training, there was no significant
difference between the two processor groups, and only 20% from the traditional drying
group and 33% from the solar dryer group reported having joined training.

There were significant differences between the two processor groups in terms of
the percentage of those who join training on hygienic processing (p < 0.001), processing
standard (p = 0.020), and packaging technique (p < 0.001). In all cases, the respondents from
the solar dryer group seemed to have greater chance of participation in formal knowledge-
sharing sessions, being 100%, 100%, and 44% with respect to the order of the mentioned
training programs. In contrast, only 31% of the respondents from the conventional group
reported participation in training on hygienic processing and 20% in processing standard
training. However, none of them joined training on packaging techniques.

With respect to training on marketing strategies and business planning, none of
the respondents from the traditional drying group had any experience of participation.
Meanwhile, significant differences were found in the percentage of the respondents from
the solar dryer group, accounting for 67%; however, a very small percentage of this group
attended training on business planning.
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Based on the findings, it could be suggested that dried fish processors who utilize
solar dryers tend to participate more actively in fish-processing or related training when
compared to the traditional drying group. Moreover, it is more likely that the respondents
from the solar dryer group attend a wider variety of training that can strengthen their
business capacity. This can be explained by the fact that they have large dried fish produc-
tion and hire workers to support their enterprises, so they can spare time to attend any
proposed training program and they are willing to learn more to support their business.
On the contrary, dried fish processors who practice traditional drying work on their own to
dry fish, so they are unlikely to attend any training provided.

3.6. Types of Sale and Dried Fish Taste
3.6.1. Types of Dried Fish Sale

The two groups of dried fish processors were asked whether they only engaged in
retail, wholesale, or both types of sales (Figure 3A). Of all the respondents in the traditional
drying group, 10% and 50% engaged only in wholesale and retail, respectively. Meanwhile,
40% engaged in both types of sales. In contrast, none of the respondents from the solar
dryer group engaged in only retail, while 90% engaged in both types of sales and 10%
only engaged in wholesale. Although retail sales were found in this group, such activities
were considered minimal when compared to the wholesale activities because the solar
dryer group focused on supplying products in bulk to their specific customers rather than
engaging in small sales.
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3.6.2. Types of Dried Fish Tastes

In the studied locations, there were some specific tastes of dried fish that are considered
popular and tasty, thereby drawing customers’ attention (Figure 3B). In terms of tastes, the
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traditional drying group provided only three taste options, while the solar dryer group
had four taste options. The three most common tastes for all the groups were salted; salted
with seasoning; and salted and sweet. Nevertheless, a salted and spicy taste was produced
by the solar dryer group only. This specific product was also colored red by spicy chili.
According to Figure 3B, regardless of processor groups, the highest percentage of preferred
dried fish by customers was observed with the production of salted and sweet dried fish,
followed by salted taste with seasoning, and then salted taste.

Of all the respondents in each group, at least 50% reported producing salted and
sweet dried fish, followed by 20–30% of the respondents who produced salted taste with
seasoning. Meanwhile, 10–20% in each group produced only salted taste. About 5% of the
respondents from the solar dryer group produced salted and spicy dried fish.

3.7. Economic Analysis of Dried Fish Production
3.7.1. Costs of Raw and Dried Fish

The costs of raw fish purchased for dried fish production, along with those of dried
fish, were plotted and compared by season between the two processor groups. Mean values
for each price are presented with a straight line (Figure 4). Prices of raw fish fluctuated
among the respondents from each group in both seasons, but the changes were minimal.
That is why the mean values were similar in any season. Despite that, the mean raw fish
costs were higher for the traditional drying group than for those utilizing solar dryers,
3.5 and 2.9 USD/kg, respectively, regardless of seasons.
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The prices of dried fish sold by each processor group also fluctuated slightly among
the respondents (Figure 4). The price of dried fish presented here was an average value,
exclusive of the differences between retail and wholesale prices. Regarding the comparison
between the two groups, the mean prices of dried fish were higher for the solar dryer
group than for the traditional drying group, 12.9 and 7.7 USD/kg dried fish, respectively.
This means that dried fish produced by the solar dryer group were more attractive to
customers in terms of hygiene and appearance. Thus, the prices could be raised higher
when compared to the traditional drying group.

To understand the differences in dried fish prices, retail and wholesale prices were
compared within and between the two processor groups (Table 10). According to the
interviews, both prices did not vary by season, so they are presented without focusing on
seasonality. Regardless of the processor groups, retail prices were higher than wholesale
prices, and the differences ranged from 8 to 10%. Significant differences in retail (p = 0.038)
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and wholesale prices (p = 0.006) were observed between the groups and, in both cases, the
prices of dried fish produced by the solar dryer groups were higher. The differences were
about 60%. The retail and wholesale prices were 8.2 and 7.6 USD/kg dried fish for the
traditional drying group; and 13.5 and 12.3 USD/kg dried fish for the solar dryer group. It
can be suggested that producing dried fish with solar dryer use may lead to higher prices,
which can be economically beneficial for dried processors, and, at the same time, good
quality products can also be distributed.

Table 10. Comparison of prices of dried fish sold in retail and wholesale between processors with
traditional drying and with solar dryer use.

Type
Drying Technique

Difference 2 (%) Pr (>t)
Traditional Drying Solar Dryer Use

Prices (USD/kg)
Retail 8.2 ± 0.04 13.5 ± 0.44 65% 0.038 *

Wholesale 7.6 ± 0.12 12.3 ± 0.07 62% 0.006 *
Difference 1 (%) 8% 10%

Note: (1) denotes differences in percentage between retail and whole prices for each group, while (2) means the
differences in the percentage of the same prices between the two processor groups. Pr (>t) is the probability of a
two-sample t-test, while “*” denotes significant differences between the means at the error level of 5%.

3.7.2. Economic Analysis

To compare the economic conditions of the two processor groups, the costs, revenues,
and profits were transformed and compared based on the same units (USD/kg and then
USD/T dried fish; Table 11). All costs, incomes, and profits generated by the solar dryer
group were higher than those in the traditional drying group, but the economic efficiency
was slightly lower. For the traditional drying group, TVC, TFC, and TC for producing one
kg of dried fish were 3.72, 0.74, and 4.46 USD, respectively. Meanwhile, they were 7.07, 1.60,
and 8.74 USD/kg of dried fish for the solar dryer group. The revenues for the traditional
drying and solar dryer groups were 7.60 and 12.30 USD/kg dried fish, respectively. These
values were the same as the wholesale prices of dried fish when taking into consideration
one kg comparison. TP was slightly higher for the solar dryer group (3.56 USD/kg dried
fish), when compared to the traditional drying group (3.14 USD/kg dried fish). Economic
efficiency values were slightly different between the traditional drying group (1.70) and the
solar dryer group (1.41). When converted into USD/T dried fish, all the values were just
multiplied by 1000.

Table 11. Economic analysis per kilogram of dried fish produced between processors without and
with solar dryers.

Description

Type of Processor

Ratio 1Traditional Drying Solar Dryer Use

USD/kg
Dried Fish

USD/T
Dried Fish

USD/kg
Dried Fish

USD/T
Dried Fish

Total variable cost (TVC) 3.72 3720.00 7.07 7070.00 1.90
Total fixed cost (TFC) 0.74 744.00 1.67 1670.00 2.26
Supporting material 0.74 744.00 1.41 1414.00 1.91

Solar dryer - - 0.16 160.00 N/A
Truck for transportation - - 0.10 100.00 N/A

Total cost (TC) 4.46 4464.00 8.74 8744.00 1.96
Total revenue (TR) 7.60 7600.00 12.30 12,300.00 1.62

Total profit (TP) 3.14 3136.00 3.56 3556.00 1.13
Economic efficiency (EE) 1.70 1.41 0.83

Note: (1) denotes ratios calculated by dividing each value from the solar dryer group by each value from the
traditional drying group in the same rows. N/A, not available.
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3.8. Perception of Dried Fish Processors
3.8.1. Traditional Drying Group

The respondents who practiced traditional drying were asked to score their percep-
tions from 1 (strongly disagree) to 5 (strongly agree) with respect to knowledge, skill,
labor, tools/equipment, fish supplies, dried fish storage, capital investment, preferences
to use a particular drying technique, and customers’ preference (Figure 5). Adequacy of
tools/equipment for processing, satisfaction with direct sun-drying, and the belief that
customers like sun-dried fish—all were rated 4. Meanwhile, the continuity of practicing
traditional drying was also rated 4. This means that the traditional drying group might not
want to change their drying practices easily.
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Figure 5. Evaluation of perceptions of dried fish processors that practice traditional drying over their
knowledge, attitude, and practices based on a five-point Likert scale.

The respondents in this group also showed moderate agreement, equivalent to a score
of 3, in response to questions about sufficient labor, adequate processing knowledge and
skill, accessible raw fish supplies, sufficiently high prices of dried fish, and proper fish
storage before drying. This finding may suggest that they need more labor, knowledge,
rising prices, and processing techniques to boost their production. Besides that, respondents
were also asked questions with respect to the use of solar dryers although they never had
experience with that before. In this regard, they seem to feel that using a solar dryer is a
good technology for drying fish, but they did not know the sources of supplies. That is
why they were not persuaded to use this technique. Then, they assigned a score of 3 to the
insufficient dissemination of solar dryer-related technology, also adding that they would
use only if they could learn more about and observe the technology.

Scores of 2 were assigned to questions related to the operation and maintenance (O&M)
costs of solar dryer use, hygienic and high-quality dried fish produced using solar dryers,
easy operation of solar dryers, and sufficient capital investment in such technology. This
means that the traditional drying group seems not to invest in installing a solar dryer
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because they feel that the fish quality and hygienic conditions generated by that technology
are not different from what they are producing. Besides that, because they did not have
experience in operation before, they did not think that solar dryers are easy to use. This is
the reason why the respondents may not be interested in using that technology. Despite
that, they said they also want to determine whether the price of a solar dryer is affordable
or is partially financed. When asked about financial and technical support, the respondents
assigned a score of 1 because they reported little support.

3.8.2. Solar Dryer Group

Similarly, the solar dryer group was also asked to share opinions by scoring the same
questions from 1 (strongly disagree) to 5 (strongly agree). Many opposite answers were
discovered in this case (Figure 6). Scores of at least 3.5, considered close to 4, were assigned
to questions regarding hygienic processing, sufficient labor, trust in solar dryer technology,
time-saving, high-quality dried fish, sufficient tools/equipment to support processing,
and optimal moisture of dried fish. This finding may suggest that the solar dryer group
feel more confident in using solar dryer technology. Thus, they must need enough labor
through hiring rather than using only their own household labor.

Sustainability 2024, 16, x FOR PEER REVIEW 20 of 26 
 

Scores of 2 were assigned to questions related to the operation and maintenance 

(O&M) costs of solar dryer use, hygienic and high-quality dried fish produced using solar 

dryers, easy operation of solar dryers, and sufficient capital investment in such technol-

ogy. This means that the traditional drying group seems not to invest in installing a solar 

dryer because they feel that the fish quality and hygienic conditions generated by that 

technology are not different from what they are producing. Besides that, because they did 

not have experience in operation before, they did not think that solar dryers are easy to 

use. This is the reason why the respondents may not be interested in using that technol-

ogy. Despite that, they said they also want to determine whether the price of a solar dryer 

is affordable or is partially financed. When asked about financial and technical support, 

the respondents assigned a score of 1 because they reported little support. 

3.8.2. Solar Dryer Group 

Similarly, the solar dryer group was also asked to share opinions by scoring the same 

questions from 1 (strongly disagree) to 5 (strongly agree). Many opposite answers were 

discovered in this case (Figure 6). Scores of at least 3.5, considered close to 4, were assigned 

to questions regarding hygienic processing, sufficient labor, trust in solar dryer technol-

ogy, time-saving, high-quality dried fish, sufficient tools/equipment to support pro-

cessing, and optimal moisture of dried fish. This finding may suggest that the solar dryer 

group feel more confident in using solar dryer technology. Thus, they must need enough 

labor through hiring rather than using only their own household labor. 

 

Figure 6. Evaluation of perceptions of dried fish processors that use solar dryers over their 

knowledge, attitude, and practices based on a five-point Likert scale. 

Scores of around 3, which means moderate agreement, were assigned to questions 

about the easy operation of solar dryers, customer preferences for solar-dried fish, suffi-

ciently high prices of dried fish, affordable prices of solar dryers, accessible raw fish sup-

plies, and accessible markets. This finding may indicate that the feeling of solar dryer 
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attitude, and practices based on a five-point Likert scale.

Scores of around 3, which means moderate agreement, were assigned to questions
about the easy operation of solar dryers, customer preferences for solar-dried fish, suf-
ficiently high prices of dried fish, affordable prices of solar dryers, accessible raw fish
supplies, and accessible markets. This finding may indicate that the feeling of solar dryer
users is somehow moderate with respect to solar dryer-related technology. This may be
true because more than 90% of the respondents in this group just installed their solar dryers,
specifically SDD, in 2023. Their installation could happen only with the initiative and
partial financial support from third parties rather than from their own willingness.
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Scores of less than 3 were assigned to questions about training, knowledge, prices of
raw fish needed for processing, and continuity to practice traditional drying. Although
the solar dryer group had a higher chance to attend training or receive more training, they
still felt that it was not enough. This may suggest that they are willing to attend more
training to build up their capacity. When asked about continuation of traditional drying,
this group reported the lowest score, meaning that they have a tendency to stop practicing
the traditional technique because they already experienced many issues related with the
quality and acceptability of the dried fish they produced before, and they are willing
to change.

3.8.3. Factors Affecting Income

The income earned by dried fish processors was determined based on predictor
variables, namely age, gender, educational level, available labor, processing training, drying
technique, years of fish-drying experience, and total costs spent (Table 12). Among those
variables, age, gender, educational level, available labor, and training did not affect the
income earned. Meanwhile, the drying technique (p < 0.001), years of fish-drying experience
(p = 0.036), and total costs (p < 0.001) positively affected income, which means that when
the years of experience and total costs increase, so does the income. In terms of drying
technique, solar dryer users tended to generate a higher income when compared to those
that still practiced traditional drying.

Table 12. Determination of factors affecting the income earned from dried fish processing business in
the studied locations.

Independent Variables Estimate Std. Error t Value Pr (>|t|)

Intercept 3121.9 2527.6 1.24 0.225
Age −56.7 48.1 −1.18 0.247
Sex −506.8 1284.7 −0.39 0.696

Educational level −52.6 119.6 −0.44 0.663
labor −86.2 266.3 −0.32 0.748

Training 28.3 1148.3 0.02 0.980
Drying technique 9534.4 1635.3 5.83 <0.001 ***

Years of experience 126.4 57.8 2.19 0.036 *
Total cost 6.0 1.1 5.55 <0.001 ***
Adj. R2 0.85
F-ratio 31.97 ***

Note: asterisks “*” and “***” denote statistical significance at α < 0.05 and at α < 0.001.

4. Discussion

The study compared the socio-economic conditions of the two processor groups in
Cambodia: the traditional drying group and the solar dryer group. The data used for
comparison included household information, dried fish production, type of fish selected
for business, prices of raw fish and dried fish, quality of dried fish, drying techniques,
perception of current drying practices, economic analysis related to the business, and
factors affecting income. The result shows that fish-drying businesses are mostly operated
by females, regardless of the groups, while larger production was seen with the solar
dryer group.

The results show that giant snakehead is the most popular fish species used for drying
among the two processor groups, as reported by others [52,53]. The reason that this fish
species is mostly preferred is because of its large and fleshy texture, which is good for
consumption. In addition, the price of dried fish is also one of the main factors that affects
the adoption of solar dryers in case customers still demand the same prices for fish dried
using solar dryers. Unlike for the conventional drying group, fish volumes used for drying
are large for the solar dryer group, and solar dryer users provide constant supplies to the
market throughout the year. In our study, the period for drying fish using solar dryers was
shorter when compared to traditional drying, as observed previously in Cambodia [54].
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It was even shorter than that in a report released by Switch to Solar, which also focused
on the use of SDD [55,56]. Many studies found that using solar dryers can reduce drying
time substantially [24]. Mehta et al. [56] reported that using a mixed model tent solar
dryer can halve the drying time when compared to traditional drying. Similarly, Al-Saadi
et al. [57] found that using a greenhouse tunnel dryer reduced the drying time by 50%.
UNIDIO [21] reported that a huge amount of time can be reduced using a solar dryer dome
for freshwater fish in Cambodia.

Apart from time saving, solar drying can reduce contamination of dried fish, unlike
traditional drying. Harmful microbial content was found to be low with the use of solar
dryers. The presence of a coliform-forming unit (CFU) was 30% lesser in the greenhouse
tunnel dryer than in traditional drying [57]. Similar results were also reported with the
use of a solar cabinet dryer, which reduced bacteria colonies by 22.3% [58]. Moreover,
our study showed that the use of solar dryers can prevent contamination from external
factors such as dust and rain. This has been observed by other researchers [26,59,60] who
mentioned that the use of solar dryers can also prevent the attacks of rodents and insects.
Patterson et al. [24] also reported that commonly eaten fish in India was free of dust, sand,
and air-borne diseases when it was dried in a solar dryer in comparison to traditional
drying. Bala and Mondol [61] who studied fish dried in a solar tunnel dryer confirmed
that this practice could protect the fish from dust, rain, or insects, ensuring good quality of
dried fish.

Our study shows that profit is higher when solar dryers are used. However, it is
different from studies conducted in other countries. For example, in Malawi, it was
observed that the profit obtained from fish dried using solar drying was not different
from that using traditional drying, but solar drying was faster and required less labor [62].
Meanwhile, the income obtained from fish drying was positively affected by production
cost: income increased when production cost increased. These results were similar to the
study by Madan et al. [63] who found that costs were the key factors that influenced the
income of dried fish processors in India. Sumantri et al. [64] and Herawan et al. [65] also
found that the cost of raw materials affected the income of the fish-drying business in
Indonesia. Besides the prices of raw materials, experience is also considered as one of
the key factors that positively influence income [65]. Chiwaula et al. [66] and Affognon
et al. [67] mentioned that the use of a solar tent dryer might increase economic value
through a reduction in quality losses often caused by dust, flies, and rodents.

5. Conclusions

Our results show the importance of using solar dryers to improve dried fish quality and
increase added value in Cambodia by comparing the production, practices, and perceptions
between two processor groups: the traditional drying group and the solar dryer group.
The two groups had similar household characteristics in terms of educational background
and age. However, the traditional group employed less labor to support the fish-drying
business, while the solar dryer group required more labor and hired additional workers to
support the businesses. Both groups processed fish year-round, but the solar dryer group
had almost fivefold larger production and purchased raw fish at lower prices while selling
dried fish at higher prices when compared to the traditional drying group. This means that
using solar dryers tends to increase the added value of dried fish produced.

In terms of dried fish quality, it can be concluded that with the use of solar dryers,
dried fish had better quality because dust, flies, rain and other external factors could be
effectively prevented. Moreover, the drying period was also shorter when solar dryers
were used. In terms of traditional drying, the drying period was 2–3 times longer in the
rainy season than in the dry season, and this was because of climatic conditions and rains,
whereas the drying period was not different regardless of the season when solar dryers
were used. These findings highlight the benefits of using solar dryers in preserving dried
fish quality and saving time when compared to traditional drying.
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The income generated from dried fish businesses was affected by production costs.
Another factor was experience, and when fish processors had more experience in fish
drying, they tended to earn more income. This means that experience tends to make
production cheaper, and it also results in high fish quality and taste, which attract more
customers and warrant better price. The last factor that affected the income was the
use of solar dryers. The results of multiple linear regression show that practicing tradi-
tional drying tends to earn less income, while higher income is obtained with the use of
solar dryers.

Future studies should focus on the assessment of dried fish quality between the use of
solar dryers and traditional drying practices on the site. The operation and functionality of
SDD in Cambodia should be further evaluated to identify their potential and constraints
to ensure that the technology can help fish processors in different locations. Studies
should also be conducted to fabricate any low-cost solar dryer to meet the demands of fish
processors and make it a more economical and viable option. In addition, emphasis on the
benefits of using solar dryers should be placed on demonstrations, knowledge sharing, and
training to both traditional drying and solar user groups in different communities, so that
the quality, hygiene, and value-added of dried fish be improved more.

Author Contributions: Conceptualization, L.H., C.C., C.M.M. and B.B.; methodology, L.H., C.M.M.,
B.B. and C.M.M.; investigation, L.H., C.C. and C.M.M.; resources, L.H. and P.V.V.P.; writing—original
draft preparation, L.H.; writing—review and editing, L.H., B.B. and P.V.V.P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received funding from the CAPFish-Capture: Post-harvest Fisheries Develop-
ment Project.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This research project is supported by Food Technology, Research and Inno-
vation Platform (FTRIP) under the framework of CAPFish-Capture project funded by European
Union (EU) and implemented by United Nations Industrial development Organization (UNIDO). In
addition, the project received technical support from the Faculty of Agricultural Biosystems Engi-
neering, Royal University of Agriculture; and Feed the Future Sustainable Intensification Innovation
Lab at Kansas State University funded by United States Agency for International Development
(Cooperative Agreement # AID-OAA-L-14-00006). We also thank the Department of Agro-industry,
Ministry of Agriculture, Forestry, and Fisheries; and Preak Leap National College of Agriculture for
technical assistance.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. FAO. The State of World Fisheries and Aquaculture; FAO: Rome, Italy, 2020. Available online: http://www.fao.org/documents/

card/en/c/ca9229en (accessed on 1 August 2023).
2. Sustainable Fisheries. Available online: http://ourocean2016.org/sustainable-fisheries (accessed on 3 August 2023).
3. UNCTAD. 90% of Fish Stocks Are Used Up—Fisheries Subsidies Must Stop. Available online: https://unctad.org/news/90-fish-

stocks-are-used-fisheries-subsidies-must-stop/ (accessed on 3 August 2023).
4. Vilain, C.; Baran, E.; Gallego, G.; Samedee, S. Fish and the nutrition of rural cambodians. Asian J. Agric. Food Sci. 2016, 4, 26–34.

Available online: https://hdl.handle.net/20.500.12348/75 (accessed on 3 August 2023).
5. Chrysohoou, C.; Demosthenes, P.B.; Christos, P.; Jhon, S.; Xenofon, K.; Yannis, C.; Vassilios, N.; Christondoulos, S. Long-term fish

consumption is associated with protection against arrhythmia in healthy persons in a Mediterranean region—The ATTICA study.
Am. J. Clin. Nutr. 2007, 85, 1385–1391. [CrossRef] [PubMed]

6. Chen, J.; Jayachandran, K.; Bai, W.; Xu, B. A critical review on the health benefits of fish consumption and its bioactive constituents.
Food Chem. 2002, 369, 130874. [CrossRef] [PubMed]

http://www.fao.org/documents/card/en/c/ca9229en
http://www.fao.org/documents/card/en/c/ca9229en
http://ourocean2016.org/sustainable-fisheries
https://unctad.org/news/90-fish-stocks-are-used-fisheries-subsidies-must-stop/
https://unctad.org/news/90-fish-stocks-are-used-fisheries-subsidies-must-stop/
https://hdl.handle.net/20.500.12348/75
https://doi.org/10.1093/ajcn/85.5.1385
https://www.ncbi.nlm.nih.gov/pubmed/17490977
https://doi.org/10.1016/j.foodchem.2021.130874
https://www.ncbi.nlm.nih.gov/pubmed/34455321


Sustainability 2024, 16, 2130 23 of 25

7. Steffens, W. Freshwater fish-wholesome foodstuffs. Bulg. J. Agric. Sci. 2006, 12, 320–328. Available online: http://www.
agrojournal.org/12/02-20-06.pdf (accessed on 10 August 2023).

8. Balami, S.; Sharma, A.; Karn, R. Significance of nutritional value of fish for human health. Malays. J. Halal Res. J. 2019, 2, 32–34.
[CrossRef]

9. Channel Fish Processing. How Often Should You Eat Fish? Available online: https://channelfish.com/blog/how-often-should-
you-eat-fish/:ChannelFishProcessing/ (accessed on 10 September 2023).

10. WWF. Community Fisheries: Fishers in the Fading Evening Light on the Cambodian Section of the Mekong River. Available
online: https://www.wwf.org.kh/projects_and_reports2/sustainable_use/community_fisheries/ (accessed on 7 August 2023).

11. FAO. Fisheries and Aquaculture Country Profiles: Cambodia; FAO: Rome, Italy, 2019. Available online: https://www.fao.org/fishery/
en/facp/khm?lang=en (accessed on 12 August 2023).

12. IFReDI. Food and Nutrition Security Vulnerability to Mainstream Hydropower Dam Development in Cambodia, Synthesis Report of
the FiA/DANIDA/WWF/Oxfam Project “Food and Nutrition Security Vulnerability to Mainstream Hydropower Dam Development in
Cambodia”; Inland Fisheries Research and Development Institute: Phnom Penh, Cambodia, 2013. Available online: https:
//hdl.handle.net/20.500.12348/802 (accessed on 12 August 2023).

13. Fisheries Country Profile: Cambodia. Available online: http://www.seafdec.org/fisheries-country-profile-cambodia (accessed
on 16 September 2023).

14. FAO. The State of World Fisheries and Aquaculture 2022; FAO: Rome, Italy, 2022. Available online: https://www.fao.org/3/cc046
1en/online/sofia/2022/consumption-of-aquatic-foods.html (accessed on 15 August 2023).

15. Fitri, N.; Chan, S.X.Y.; Lah, N.H.C.; Jam, F.A.; Misnan, N.M.; Kamal, N.; Sarian, M.N.; Lazaldin, M.A.M.L.; Low, C.F.; Hamezah,
H.S.; et al. A Comprehensive review on the processing of dried fish and the associated chemical and nutritional changes. Foods
2022, 11, 2938. [CrossRef] [PubMed]

16. ADB. Cambodia Agriculture, Natural Resources, and Rural Development; Asian Development Bank: Metro Manila, Philippines, 2021.
17. Teh, L.S.L.; Bond, N.; Krishna, K.C.; Fraser, E.; Seng, R. The economic impact of global change on fishing and non-fishing

households in the Tonle Sap ecosystem, Pursat, Cambodia. Fish. Res. 2019, 210, 71–80. [CrossRef]
18. Mei, J.; Ma, X.; Xie, J. Review on natural preservatives for extending fish shelf life. Foods 2019, 8, 490. [CrossRef]
19. Jiang, D.; Liu, Y.; Jiang, H.; Rao, S.; Fang, W.; Wu, M.; Yuan, L.; Fang, W. A novel screen-printed mast cell-based electrochemical

sensor for detecting spoilage bacterial quorum signaling molecules (N-acyl-homoserine-lactones) in freshwater fish. Biosens.
Bioelectron. 2018, 102, 396–402. [CrossRef]

20. Omoruyi, K.; Osamede, A.; Abdullahi, M.M. Effects of bleeding and gutting procedures on the nutritional value of smoke-dried
Clarias gariepinus under storage at room temperature. J. Appl. Life Sci. Int. 2018, 19, 1–8. [CrossRef]

21. UNIDO. Solar Fish-Drying Tech Has the Potential to Transform Cambodia’s Fisheries. Available online: https://www.unido.org/
stories/solar-fish-drying-tech-has-potential-transform-cambodias-fisheries (accessed on 12 August 2023).

22. Banna, H.A.; Hoque, S.; Tamanna, F.; Hasan, M.; Mondal, P.; Hossain, B.; Chakma, S.; Jaman, N.; Tareq, A.; Khana, S.I. Nutritional,
microbial and various quality aspects of common dried fish from commercial fish drying centers in Bangladesh. Heliyon 2022, 8,
e10830. [CrossRef]

23. Rasul, M.G.; Yuan, C.; Shah, A.K.M.A. Chemical and microbiological Hazards of dried fishes in Bangladesh: A food safety
concern. Food Nutr. Sci. 2020, 11, 523–539. [CrossRef]

24. Patterson, J.; Kailasam, S.; Giftson, H.; Immaculate, J.K. Effect of drying technologies on the biochemical properties of Stolephorus
commersonnii. Food Qual. Saf. 2018, 2, 153–158. [CrossRef]

25. Adelaja, A.O.; Babatope, B.I. Analysis and testing of a natural convection solar dryer for the tropics. J. Energy 2013, 2013, 479894.
[CrossRef]

26. Suzuki, H.; Hayakawa, S.; Okazaki, E.; Yamazawa, M. Effect of solar drying on vitamin D3 and provitamin D3 contents in fish
meat. J. Agric. Food Chem. 1988, 36, 803–806. [CrossRef]

27. Norton, B. Characteristics of different systems for the solar drying of crops. In Solar Dryer Technology; Prakash, O., Kumar, A.,
Eds.; Springer: Berlin/Heidelberg, Germany, 2017. [CrossRef]

28. Udomkun, P.; Romuli, S.; Schock, S.; Mahayothee, B.; Sartas, M.; Wossen, T.; Njukwe, E.; Vanlauwe, B.; Müller, J. Review of solar
dryers for agricultural products in Asia and Africa: An innovation landscape approach. J. Environ. Manag. 2020, 268, 110730.
[CrossRef]

29. Tchaya, G.B.; Houdji, E.T.; Tchami, J.H.; Kapseu, C.; Kamta, M. Regulation of temperature on multitrays in an indirect solar dryer
(ISD) with energy storage and three airflow modes. J. Eng. 2021, 2021, 6668095. [CrossRef]

30. International Development Enterprise. Profiling of Post-Harvest Fishery Value Chains and Market System Analysis; International
Development Enterprise: Phnom Penh, Cambodia, 2021.

31. Minh, H.N.; Luan, N.T. The Influence of Drying Mode on the Drying Time of Anchovy Fish in a Hybrid Infrared-convective
Dryer: Drying Time Correlation and Taguchi Analysis. Appl. Eng. Lett. 2023, 8, 167–174. [CrossRef]

32. LaMorte, W.W. Central Limit Theorem; Boston University School of Public Health: Boston, MA, USA, 2016. Available online:
https://sphweb.bumc.bu.edu/otlt/mph-modules/bs/bs704_probability/BS704_Probability12.html (accessed on 18 August 2023).

33. Ruxton, G.D. The Unequal variance t-test is an uderused alternative to student’s t-test and the Mann-Whitney U Test. Behav. Ecol.
2006, 17, 688–690. [CrossRef]

34. Kwak, S.G.; Kim, J.H. Contral limit theorem: The Cornerstone of modern statistics. Korean J. Anesth. 2017, 70, 144–156. [CrossRef]

http://www.agrojournal.org/12/02-20-06.pdf
http://www.agrojournal.org/12/02-20-06.pdf
https://doi.org/10.2478/mjhr-2019-0012
https://channelfish.com/blog/how-often-should-you-eat-fish/:ChannelFishProcessing/
https://channelfish.com/blog/how-often-should-you-eat-fish/:ChannelFishProcessing/
https://www.wwf.org.kh/projects_and_reports2/sustainable_use/community_fisheries/
https://www.fao.org/fishery/en/facp/khm?lang=en
https://www.fao.org/fishery/en/facp/khm?lang=en
https://hdl.handle.net/20.500.12348/802
https://hdl.handle.net/20.500.12348/802
http://www.seafdec.org/fisheries-country-profile-cambodia
https://www.fao.org/3/cc0461en/online/sofia/2022/consumption-of-aquatic-foods.html
https://www.fao.org/3/cc0461en/online/sofia/2022/consumption-of-aquatic-foods.html
https://doi.org/10.3390/foods11192938
https://www.ncbi.nlm.nih.gov/pubmed/36230013
https://doi.org/10.1016/j.fishres.2018.10.005
https://doi.org/10.3390/foods8100490
https://doi.org/10.1016/j.bios.2017.11.040
https://doi.org/10.9734/JALSI/2018/31656
https://www.unido.org/stories/solar-fish-drying-tech-has-potential-transform-cambodias-fisheries
https://www.unido.org/stories/solar-fish-drying-tech-has-potential-transform-cambodias-fisheries
https://doi.org/10.1016/j.heliyon.2022.e10830
https://doi.org/10.4236/fns.2020.116037
https://doi.org/10.1093/fqsafe/fyy010
https://doi.org/10.1155/2013/479894
https://doi.org/10.1021/jf00082a033
https://doi.org/10.1007/978-981-10-3833-4
https://doi.org/10.1016/j.jenvman.2020.110730
https://doi.org/10.1155/2021/6668095
https://doi.org/10.18485/aeletters.2023.8.4.4
https://sphweb.bumc.bu.edu/otlt/mph-modules/bs/bs704_probability/BS704_Probability12.html
https://doi.org/10.1093/beheco/ark016
https://doi.org/10.4097/kjae.2017.70.2.144


Sustainability 2024, 16, 2130 24 of 25

35. Vasileiou, K.; Barnett, J.; Thorpe, S.; Young, T. Characterising and justifying sample size sufficiency in interview-based studies:
Systematic analysis of qualitative health research over a 15-year period. BMC Med. Res. Methodol. 2018, 18, 148. [CrossRef]

36. de Winter, J.C.F. Using the Student’s t-test with extremely small sample sizes. Pract. Assess. Res. Eval. 2013, 18, 10. [CrossRef]
37. Fagerland, M.W.; Sandvik, L. Performance of five two-sample location tests for skewed distributions with unequal variances.

Contemp. Clin. Trials 2009, 30, 490–496. [CrossRef]
38. Delacre, M.; Lakens, D.; Leys, C. Why psychologists should by default use Welch’s t-test instead of students’ t-test. Int. Rev. Soc.

Psychol. 2017, 30, 92–101. [CrossRef]
39. Turhan, N.S. Karl Pearson’s Chi-square Tests. Educ. Res. Rev. 2020, 15, 575–580. [CrossRef]
40. Sharpe, D. Chi-square Test is statistically significant: Now What? Pract. Assess. Res. Eval. 2015, 20, 1–10. [CrossRef]
41. Joshi, A.; Kale, S.; Chandel, S.; Pal, D.K. Likert Scale: Explored and explained. Br. J. Appl. Sci. Technol. 2015, 7, 396–403. [CrossRef]
42. Willits, F.K.; Theodori, G.L.; Luloff, A.E. Another look at Likert Scales. J. Rural Soc. Sci. 2016, 31, 6. Available online:

https://egrove.olemiss.edu/jrss/vol31/iss3/6 (accessed on 21 August 2023).
43. Kim, H. Analysis of Variance (ANOVA) comparing means of more than two groups. Open Lect. Stat. 2014, 39, 74–77. [CrossRef]
44. Gelman, A. Analysis of Variance—Why it is more important than ever. Ann. Stat. 2005, 33, 1–53. [CrossRef]
45. Midway, S.; Robertson, M.; Flinn, S.; Kaller, M. Comparing multiple comparisons: Practical guidance for choosing the best

multiple comparisons test. PeerJ 2020, 8, e10387. [CrossRef] [PubMed]
46. Armstrong, R.A. When to use the bonferroni correction. Ophthalmic Physiol. Opt. 2014, 34, 502–508. [CrossRef] [PubMed]
47. Uyanik, G.K.; Guler, N. A study on multiple linear regression anlaysis. Procedia Soc. Behav. Sci. 2013, 106, 234–240. [CrossRef]
48. Nathans, L.L.; Oswald, F.L.; Nimon, K. Interpreting Multiple Linear Regression: A Guidebook of Variable Importance. Pract.

Assess. Res. Eval. 2012, 17, 9. [CrossRef]
49. Palled, V.; Desai, S.R.; Anantachar, M. Field Evaluation of Solar Tunnel Dryer for Grapes Drying. Ecol. Environ. Conserv. 2014, 20,

1665–1668.
50. Pindyck, R.S.; Rubinfeld, D.L. Microeconimcs, 8th ed.; Pearson Education: Hoboken, NJ, USA, 2013.
51. Calculating Depreciation. Available online: https://pubs.nmsu.edu/_circulars/CR658/index.html (accessed on 23 September

2023).
52. Ou, R. Fish trade on fishing products in Tonle Sap great lake. Int. J. Environ. Rural Dev. 2012, 3, 49–54. [CrossRef]
53. Sinh, L.X.; Hap, N.; Pomery, R.S. Value chain of snakehead fish in the lower Mekong Basin of Cambodia and Vietnam. Aquac.

Econ. Manag. 2014, 18, 76–96. [CrossRef]
54. Ratha, C.; Sokheang, U.; Ratha, S. Technical Report for Market Survey of Fish and Fishery Products of Cambodia in Battambang

and Siem Reap Cities. 2021. Available online: https://www.researchgate.net/publication/353039241_Technical_report_on_
market_survey_of_fish_and_fishery_products_of_Cambodia_in_Battambang_and_Siem_Reap_cities?channel=doi&linkId=60
e580cc92851c2b83e5848c&showFulltext=true (accessed on 24 August 2023).

55. Switch to Solar. Case Study: Out with the Old & in with the New. Available online: https://switchtosolarkh.org/wp-content/
uploads/2023/03/FINAL_Case-study-HTS-2.03.2023-Compressed.pdf (accessed on 25 August 2023).

56. Mehta, P.; Samaddar, S.; Patel, P.; Markam, B.; Maiti, S. Design and performance analysis of a mixed mode tent-type solar dryer
for fish-drying in coastal areas. Sol. Energy 2018, 170, 671–681. [CrossRef]

57. Al-Saadi, A.; Pathare, P.B.; Al-Rizeiqi, B.; Al-Bulushi, M.; Al-Ismaili, A. Implications of drying techniques on the bioactive
components and quality of food. J. Food Qual. 2023, 2013, 4939468. [CrossRef]

58. Nugrahani, E.F.; Arifianti, Q.A.M.O.; Pratiwi, N.A.; Ummatin, K.K. Experimental analysis of solar cabinet dryer for fish processing
in Gresik, Indonesia. In Proceedings of the 2018 International Conference and Utility Exhibition on Green Energy for Sustainable
Development (ICUE), Phuket, Thailand, 24–26 October 2018. [CrossRef]

59. Yaldiz, O.; Ertekin, C.; Uzun, H.I. Mathematical modeling of thin layer solar drying of sultana grapes. Energy 2001, 26, 457–465.
[CrossRef]

60. Kituu, G.M.; Shitanda, D.; Kanali, C.L.; Mailutha, J.T.; Njoroge, C.K.; Wainaina, J.K.; Silayo, V.K. Thin layer drying model for
simulating the drying of Tilapia fish (Oreochromis niloticus) in a solar tunnel dryer. J. Food Eng. 2010, 98, 325–331. [CrossRef]

61. Bala, B.K.; Mondol, M.R.A. Experimental investigation on solar drying of fish using solar tunnel dryer. Dry. Technol. 2001, 19,
427–436. [CrossRef]

62. Kayamba-Phiri, F.W.; Synnevåg, G.; Limuwa, M.M. Between the Sun and Fish Are People: A Socio-economic study of solar dryers
for fish processing in Malawi. In Climate Impacts on Agricultural and Natural Resource Sustainability in Africa; Springer: Cham,
Switzerland, 2022; pp. 373–393. Available online: https://link.springer.com/chapter/10.1007/978-3-030-37537-9_22 (accessed on
17 September 2023).

63. Madan, M.S.; Radhakrishnan, M.; Ranjith, L.; Narayanakumar, R. Economics and marketing of dry fish production in Thoothukudi
District, Tamil Nadu, India. Indian J. Fish. 2018, 65, 135–141. [CrossRef]

64. Sumantri, B.; Irnad, A.; Septria, W.; Suryanti, M.; Laksmawati, W.K. Production and income analysis of dried fish business in
Bengkulu City. J. AGRISEP 2023, 22, 227–248. [CrossRef]

65. Herawan, A.; Pudjiastuti, A.Q.; Iriani, N.I. Factors affecting income from fish Pindang businesses in Mlaten and Kedawang
villages, Pasuruan Regency, Indonesia. Int. J. Manag. Account. Econ. 2022, 9. [CrossRef]

https://doi.org/10.1186/s12874-018-0594-7
https://doi.org/10.7275/e4r6-dj05
https://doi.org/10.1016/j.cct.2009.06.007
https://doi.org/10.5334/irsp.82
https://doi.org/10.5897/ERR2019.3817
https://doi.org/10.7275/tbfa-x148
https://doi.org/10.9734/BJAST/2015/14975
https://egrove.olemiss.edu/jrss/vol31/iss3/6
https://doi.org/10.5395/rde.2014.39.1.74
https://doi.org/10.1214/009053604000001048
https://doi.org/10.7717/peerj.10387
https://www.ncbi.nlm.nih.gov/pubmed/33335808
https://doi.org/10.1111/opo.12131
https://www.ncbi.nlm.nih.gov/pubmed/24697967
https://doi.org/10.1016/j.sbspro.2013.12.027
https://doi.org/10.7275/5fex-b874
https://pubs.nmsu.edu/_circulars/CR658/index.html
https://doi.org/10.32115/ijerd.3.1_49
https://doi.org/10.1080/13657305.2014.855956
https://www.researchgate.net/publication/353039241_Technical_report_on_market_survey_of_fish_and_fishery_products_of_Cambodia_in_Battambang_and_Siem_Reap_cities?channel=doi&linkId=60e580cc92851c2b83e5848c&showFulltext=true
https://www.researchgate.net/publication/353039241_Technical_report_on_market_survey_of_fish_and_fishery_products_of_Cambodia_in_Battambang_and_Siem_Reap_cities?channel=doi&linkId=60e580cc92851c2b83e5848c&showFulltext=true
https://www.researchgate.net/publication/353039241_Technical_report_on_market_survey_of_fish_and_fishery_products_of_Cambodia_in_Battambang_and_Siem_Reap_cities?channel=doi&linkId=60e580cc92851c2b83e5848c&showFulltext=true
https://switchtosolarkh.org/wp-content/uploads/2023/03/FINAL_Case-study-HTS-2.03.2023-Compressed.pdf
https://switchtosolarkh.org/wp-content/uploads/2023/03/FINAL_Case-study-HTS-2.03.2023-Compressed.pdf
https://doi.org/10.1016/j.solener.2018.05.095
https://doi.org/10.1155/2023/4939468
https://doi.org/10.23919/ICUE-GESD.2018.8635737
https://doi.org/10.1016/S0360-5442(01)00018-4
https://doi.org/10.1016/j.jfoodeng.2010.01.009
https://doi.org/10.1081/DRT-100102915
https://link.springer.com/chapter/10.1007/978-3-030-37537-9_22
https://doi.org/10.21077/ijf.2018.65.4.53463-16
https://doi.org/10.31186/jagrisep.22.01.227-248
https://doi.org/10.5281/zenodo.7426299


Sustainability 2024, 16, 2130 25 of 25

66. Chiwaula, L.S.; Chirwa, G.C.; Binauli, L.S.; Banda, J.; Nagoli, J. Gender differences in willingness to pay for capital-intensive
agricultural technologies: The case of fish solar tent dryers in Malawi. Agric. Food Econ. 2018, 6, 1. [CrossRef]

67. Affognon, H.; Mutungi, C.; Sanginga, P.; Borgemeister, C. Unpacking postharvest losses in sub-Saharan Africa: A meta-analysis.
World Dev. 2015, 66, 49–68. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s40100-018-0096-2
https://doi.org/10.1016/j.worlddev.2014.08.002

	Introduction 
	Materials and Methods 
	Sampling Method 
	Sampling Size 
	Data Collection, Analysis, and Interpretation 
	Independent Two-Sample T-Test 
	Chi-Square Test 
	Two-Way Analysis of Variance 
	Likert Scale Analysis 
	Multiple Linear Regression 
	Economic Analysis 


	Results 
	Household Status of Dried Fish Business 
	Gender 
	Age and Education 
	Household Members and Female Members 
	Fish-Drying Business and Experience 
	Labor in Dried Fish Production 

	Fish, Fish Quantity, and Source of Supplies 
	Fish Quantity and Prices 
	Drying Interval and Fish Supply Source 
	Popular Fish Species and Their Share in Production 

	Fish-Drying Technology and Support 
	Sources of Drying Technology 
	Technology-Related Funding Source 

	Dried Fish Quality 
	Dried Fish-Related Training and Capacity Building 
	Types of Sale and Dried Fish Taste 
	Types of Dried Fish Sale 
	Types of Dried Fish Tastes 

	Economic Analysis of Dried Fish Production 
	Costs of Raw and Dried Fish 
	Economic Analysis 

	Perception of Dried Fish Processors 
	Traditional Drying Group 
	Solar Dryer Group 
	Factors Affecting Income 


	Discussion 
	Conclusions 
	References

