EISSN: 2707-0425

East African Journal of Science, Technology and Innovation, Vol. 4 (Special Issue): August 2023

This article is licensed under a Creative Commons license, Attribution 4.0 International @ ORG

(CC BY NC SA 4.0)

Influence of knowledge, attitude and practices of consumers on the consumption of
hydroponically grown fruits and vegetables in Kiambu County, Kenya

"NEKESA R., INJUE L., TABONG G

1Department of Food Science, Nutrition, and Technology at the Faculty of Agriculture at the University of Nairobi.

*Corresponding Author: rhodahnekesa@gmail.com

Abstract

Fruits and vegetables are culturally accepted foods consumed by a majority of people worldwide.
Knowledge, attitude and practices of consumers have been found to influence the choice and consumption
of foods in many populations. However, little is known on their impact on consumption of foods that are
produced using novel farming methods such as hydroponic farming, in Kenya. For this reason, this study
assessed the influence of knowledge, attitude and practices (KAP) on the frequency of consumption of
hydroponically grown fruits and vegetables (FAVs) in Kiambu County, Kenya. A cross-sectional design,
involving a consumer survey of 310 randomly selected participants, was used. A pretested structured
questionnaire was used to conduct face-to-face interviews. Data was analyzed using SPSS where
descriptive statistics and binary logistic regression were applied. The results showed that a majority of the
participants (89%) had good knowledge about the quality and safety of hydroponically grown FAVs. They
also used good practices in handling the FAVs (69%). However, the overall attitude towards hydroponic
foods was negative (2.54+1.204). With regard to the influence of KAP on the frequency consumption of
FAVs, knowledge was the only predictor of the frequency of consumption of fruits (p=0.002, f=1.639) and
vegetables (p=0.044, p=1.232). Based on sociodemographic factors, age and the level of education
significantly influenced the frequency of consumption of FAVs. In conclusion, the frequency of
consumption of hydroponic FAVs is influenced by the level of knowledge of consumers on the quality and
safety of foods grown in this system. Nutrition education on the quality and safety of hydroponically
grown foods should be conducted so that consumers are informed about the hydroponically grown
nutritious foods and also gain a positive attitude towards this new sustainable farming system.
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Introduction progression and severity of non-communicable
diseases (NCDs), nutritionists and medical
practitioners are redirecting their key messages
in the nutrition counselling sessions towards
increased intake of FAVs. Similarly, the World
Health Organization (WHO) recommends intake

Consumption of fruits and vegetables (FAVs) is
considered a good health behavior because of the
numerous benefits associated with these foods
(Ramos et al, 2013). In effort to reduce
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of 400g/d of FAVs (equivalent to 5 servings per
day) to prevent NCDs (Frank et al., 2019).
However, the frequency of consumption of these
foods has remained low among most consumers
in several countries for quite some time. This has
been attributed to wunavailability, low
affordability, inaccessibility and misinformation
about the importance of FAVs in the diet (Frank
et al., 2019; Okop et al., 2019). To address some of
these challenges, researchers and innovators in
the agricultural sector have tailored their efforts
towards increasing the availability and
accessibility of these foods by using farming
methods such as hydroponic system that produce
high yields within a short period throughout the
year (Haddad, 2021; SN and V.L, 2020). The
benefits of this system are witnessed in most of
the developed countries such as United States,
Australia and Japan where tons of nutritious
foods are being sold on the international market
in and out of season (Gumisiriza et al., 2020). As a
matter of fact, the adoption rate of this system has
risen among both the subsistence and
commercial farmers since it is considered
sustainable and cost-friendly in food production
after the initial set-up. On the other hand, the
system is new in most of the developing countries
with only countable farmers installing it. This
implies that the crop production method in these
countries is still reliant on the soil-based system
that is subject to the shortcomings of climate
change, low yields and less nutritious foods. In
Kenya, hydroponic farming has been introduced
to a number of farmers in Kiambu County which
is a rich agricultural area for several food crops.
There is optimism that more farmers will follow
suit to adopt hydroponic farming system with
more training on how to set up and manage crops
in this system (Binge, 2019). In the long-run, soil-
based system might be replaced considering the
continual deprivation of natural resources and
the need to get enough produce to feed the whole
nation (Jagtap ef al., 2022).

Nonetheless, the preference and consumption of
foods produced in different farming methods is a
consumer-based decision even if farmers and the
stakeholders approve the role that hydroponic
system plays in relation to food production. Of
keen interest in this study is impact of
knowledge, attitude and practices (KAP) of
consumers on the frequency of consumption of

hydroponically grown FAVs. It has been
established that high level of knowledge about
the foods presented to the consumer influences
the decision to take the food. Many researchers
have also suggested that awareness, and
adequacy of knowledge about the existence of
food and its attributes helps consumers to make
informed choices before consumption of the
respective foods (Spronk et al., 2014). Consumers
get information from various sources ranging
from education programs, social media,
advertisements, food experts and informal
interactions in the community (Ergontil, 2013).
As a result, those who are empowered with the
nutritional information have a higher likelihood
to consume healthy and nutritious foods
compared to others. However, there is paucity of
information on the influence of knowledge on
frequency of consumption of foods produced in
new farming techniques such as hydroponic
system. With reference to attitude, a positive
consumer attitude might lead to consumption of
the food. Attitude is a way of thinking or feeling
about something, and it is usually based on the
experiences that one has on different aspects of
the food which leads to aversion or liking of the
food (Patch ef al., 2005). In the event consumers
do not have prior experiences with the food such
as those produced in a new farming technique,
the attitude is shaped by comparison to the foods
produced in the methods that are already in
existence. However, consumer attitudes can be
altered by modifying the food attributes that are
negatively rated; thus, the purpose of this study
is to evaluate consumer attitudes toward various
aspects of hydroponically grown FAVs. In
relation to the practices used in handling foods,
some consumers are key on the preservation of
the quality and safety of their foods hence
consume foods that are properly handled (Gkana
and Nychas, 2018). This implies that poor food
handling practices might be a reason for some
consumers to keep away from consumption of
foods that are prepared in or away from the
family. It is against this background that this
study was tailored to assess the KAP of
consumers on the quality and safety of
hydroponic FAVs, and their influence on the
frequency of consumption of hydroponically
grown FAVs in Kiambu County, Kenya.



Materials and methods

Study area

The study was conducted in Kiambu County in
August 2021. Kiambu County is located in the
central region in Kenya. It borders Nairobi and
Kajiado counties to the south, Machakos to the
East, Murang'a to the North and North East,
Nyandarua to the North West, and Nakuru to the
West. It has 12 sub-counties; Gatundu North,
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Gatundu South, Kiambu, Kikuyu, Githunguri,
Limuru, Lari, Kiambaa, Kabete, Juja, Ruiru and
Thika East and Thika West sub counties (Kiambu,
2022). Kiambu county was purposively selected
because the major economic activity practiced is
agriculture. The two sub-counties, Kikuyu and
Kiambu, were purposively selected because they
had more hydroponic farms compared to other
sub-counties. The map of Kiambu county is
presented in Figure 1.
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Figure 1: The map of Kiambu county, Kenya (Courtesy of Kiambi et al., 2021)

Study design

A cross-sectional study design involving face-to
face interviews was used to assess KAP of
consumers on the frequency of consumption of
hydroponically grown FAVs.

Study Population

The study population comprised of randomly
selected consumers of FAVs in Kiambu and
Kikuyu sub-counties. The residents of these sub-
counties were the ideal sample to assess the KAP
towards the quality and safety of hydroponically

grown FAVs since hydroponic farming system is
mostly practiced in these areas.

Inclusion criterion

The eligible participants were persons in the
household above the age of 18 who normally
purchased and/or prepared FAVs for
consumption in the family.

Exclusion criterion
Consumers aged above 70 years were excluded
from the study even if they were involved in the



preparation and /or purchase of FAVs. This was
based on the understanding that old age is mostly
associated with reduction in the memory
capacity of an individual (Zhen, 2016) hence a
high likelihood of misinformation on the
questions in this study on consumer practices
which relied mainly on recall. Consumers who
were sick or had covid-19 (evidenced by fever)
were also excluded from the study.

Sampling

Sampling Frame

The sampling unit was the households in Kiambu
and Kikuyu sub-counties that obtained FAVs
from farmers and/ or vendors. The participants in
these households were persons aged between 18
to 70 years, whose roles were either purchasing
and/or preparing FAVs for the family. The
households were selected using a simple random
technique.

Sample size determination

The sample size was 310 participants. It was
determined using Cochran's formula
(no=Z%pq/e?) (Cochran, 2003) as illustrated
below;

no= (1.96*1.96*0.21*0.79)/ (0.05*0.05) =255
Assuming 18% attrition rate;
255/0.82=310 n=310

where nis the sample size being determined, Z is
the level of significance at 5%, P is the proportion
(21%) of households consuming FAVs in Kiambu
County according to Lans et al., (2019) and e is the
estimated level precision of 5%. Assuming non-
responsiveness from participants, the calculated
sample size was adjusted by 18% giving a total of
310 people.

Data Collection

Data was collected by a team of six research
assistants who had experience in using online
data collection tools and conducting nutritional
surveys. The research assistants were well versed
with Kikuyu language which most of the

participants spoke and understood in these sub-
counties. A one-day virtual training was
conducted for the enumerators to familiarize
with the research questions. Training on the
standard operating procedures to prevent
infection and spread of covid-19 was also done.

Data collection tool

A structured questionnaire was designed and
uploaded on Open Data Kit (ODK) app to
facilitate face to face interviews. The
questionnaire had four sections where section
one captured data on the sociodemographic
characteristics of consumers while section two,
three and four captured data on the knowledge,
attitude and practices of consumers on the
quality and safety of hydroponically grown
FAVs, respectively. The questionnaire was
pretested on five people in Ndumbuini area,
Kiambu County. Misinterpreted and
ununderstood questions were noted and
corrected, and the number of questions was
adjusted to reduce the length of the
questionnaire. Pretesting also helped to check the
reliability and validity of the questionnaire as
well as the feasibility of the study. The time-taken
to interview each participant was approximately
15 minutes. The participants were excluded from
the actual data collection process.

Assessment of knowledge, attitude and practices
of consumers on the quality and safety of
hydroponically grown fruits and vegetables

To measure the knowledge of consumers on the
quality and safety of hydroponic FAVs, six
absolute statements were read to the participants
who responded by choosing the appropriate
options that were categorized as ‘true’, “false” and
‘I don’t know’ and coded as 1, 2 and 3,
respectively. Since all the statements were
positively phrased, the interpretation of these
responses was that the respondents who chose
‘true’ had good knowledge while those who
chose ‘false’ or ‘I don't know’” had poor
knowledge on the aspects of hydroponic FAVs
that were being assessed. The overall knowledge
of each participant was obtained by creating a
new variable where the mean of the six
statements were calculated. A mean of one
represented good knowledge while a mean of 2



and 3 represented poor knowledge on the quality
and safety of hydroponically grown FAVs.

The attitude of consumers towards the quality
and safety of hydroponic FAVs was measured
using 15 statements which the participants
responded on a five-point likert scale where
1=strongly disagree to 5=strongly agree as used
by Kokthi et al., (2015). To obtain the overall
attitude, two statements that were negatively
phrased were reversed and a new variable was
created where the means of the 15 statements
were obtained per participant. Attitude was then
categorized into two where a mean ranging from
1 to 3.49 represented negative attitude while a
mean above 3.50 represented a positive attitude
(Balschweid and Thompson, 2002).

To assess the consumer practices that that impact
the quality and safety of hydroponically grown
FAVs, seven close-ended questions were used.
The participants responded by picking only one
option from the range of responses that were
provided per question. The responses entailed
the established good and poor practices in
handling FAVs. Therefore, new variables from
each question were created with only two
responses where code 1 represented good
practices while code 2 represented poor practices.
The overall nature of practices was then obtained
by calculating the means of the seven new
variables where a mean of 1 indicated good
practices while a mean of 2 indicated poor
practices.

Data analysis

Data were exported from ODK database to
Statistical Package for the Social Sciences
software (SPSS) version 25 for analysis. The
sociodemographic characteristics of consumers
were analyzed as frequencies and percentages.

Level of knowledge, attitude and practices of
consumers on the quality and safety of
hydroponically grown fruits and vegetables

The overall level of knowledge was analyzed as
means where a mean of one represented good
knowledge which was coded as 1, and a mean of
two and three represented poor knowledge that
was coded as 0. The frequencies and percentages
of participants with good and poor knowledge

were then obtained. The attitude of participants
was analyzed as means and standard deviations.
A mean ranging from 1 to 3.49 represented
negative attitude while a mean above 3.5
represented a positive attitude (Balschweid and
Thompson, 2002). The practices of participants in
handling FAVs were analyzed as means where a
mean of one indicated good practices while a
mean of two indicated poor practices. The
frequencies and percentages of participants
segregated by the nature of practices in handling
FAVs were then obtained.

The predictors of the frequency of consumption of
hydroponically grown fruits and vegetables in
Kiambu County

A binary logistic regression model was used to
determine the predictors of consumption of
hydroponic =~ FAVs. These entailed the
sociodemographic  characteristics, level of
knowledge, attitude and practices of participants.
The binary dependent variables were the
frequency of consumption of fruits and the
frequency of consumption of vegetables. In this
study, the frequency was categorized into two
where a weekly consumption of fruits or
vegetables of less than three times indicated low
consumption hence coded 0 while the frequency
above four times (Lim and Kim, 2019) indicated
high consumption hence coded 1. A Pearson
correlation was run to test the association of
independent variables before running the
regression model. Gender was found to highly
correlate with age (0.796) and the level of
education of participants (0.935) at a cut off of
0.70 according to Dorman and Fraser, (2009). As
a result, gender was excluded from the model
and hence the independent variables were age,
level of education, level of knowledge and nature
of practices which were categorical variables, and
attitude of participants which was an ordinal
variable. The model was run at 5% level of
significance following the equation outlined
below;

Yi=a + p1X1 + B2X2 + $3X3 ... B5X5 +
Equation 2
Where Y; is the binary dependent variable

depicting the frequency of consumption of fruits
and the frequency of consumption of vegetables,



X1 to X5 are the independent variables, a is the
regression constant, B is the regression coefficient
and p is the error term.

Ethical consideration

Respondents signed a consent form to show their
willingness to participate in the study. Their
confidentiality was protected by use of codes.
Respondents were not discriminated on any
grounds. Participation was free of charge and no
one was coerced to take part in the study.
Standard operating procedures were followed so
as to prevent infection of research assistants and
participants with Covid-19.

Results

Distribution  of  the

characteristics of consumers
The distribution of the sociodemographic
characteristics of FAVs consumers is presented in

sociodemographic

Table 1. The results show that the majority (56%)
of the study participants were male. More than a
half of the participants (54%) were middle-aged
adults between 31-50 years, and had attained a
secondary school level of education (51%). It was
interesting to note that 50% of the participants
who were involved in the preparation of FAVs in
the family were male. However, a considerable
proportion of female participants (44%)
highlighted to be involved in both the
preparation and purchase of FAVs for family
consumption. With regard to consumption of
fruits and consumption of vegetables, the overall
frequencies were above average where one was
the minimum level and seven the maximum in
this study. Nonetheless, the study participants
consumed vegetables at a slightly higher
frequency than fruits.

Table 1: Distribution of the sociodemographic characteristics of fruits and vegetables’ consumers in
Kiambu Counties

Characteristics Category N %

N=310

Gender Male 173 56
female 137 44

Age (years) 15-30 128 42
31-50 172 54
51-70 10 4

Education level Primary 46 15
Secondary 158 51
Tertiary 106 34

Role played in the household Preparation of FAVs 155 50
Purchase of FAVs 19 6
Preparation and purchase 136 44
of FAVs

Frequency of consumption of Mean 4.64+1.930

fruits in a week

Frequency of consumption of Mean 5.35£1.675

vegetables in a week




Influence of knowledge, attitude and practices of
consumers on the frequency of consumption of
hydroponic fruits and vegetables

Knowledge of consumers on the quality and
safety of hydroponic fruits and vegetables in
Kiambu County

The proportions of consumers segregated by the
level of knowledge on the quality and safety of

hydroponic FAVs are presented in Figure 2.
Majority of the participants (89%) had good
knowledge on the quality and safety of
hydroponically grown FAVs.

= Good = Poor

Figure 2: The level of knowledge of consumers in Kiambu County on the quality and safety of hydroponic
fruits and vegetables

Table 3 presents results on the level of knowledge
of consumers on each statement on quality and
safety of hydroponically grown FAVs. Most
consumers seemed to be more enlightened about
the safety of FAVs hence contributing to the
overall high level of knowledge as shown in
Figure 2. On the other hand, their knowledge on

the nutritional quality of hydroponic FAVs was
quite low where only 36% had good knowledge
that hydroponic FAVs had higher nutritional
content compared to those grown in other
farming techniques (Jan et al., 2020; Majid et al.,
2020).

Table 2: The level of knowledge of consumers on statements on quality and safety of hydroponically
grown fruits and vegetables

Statements Level of knowledge comments
Poor
% n %
1 Hydroponic FAVs have good visible 32 211 68 I have never seen any
qualities them.

This farming technique
makes FAVs to be
unusually big.



2 Hydroponic FAVs have better invisible

qualities

3 Pesticides and fungicides make
hydroponic FAVs unsafe

4 Farming practices make FAVs unsafe

5 Proper washing and cooking reduce

chemicals from FAVs

6 Storage and handling techniques affect
quality of FAVs

111

260

302

294

295

36 199 64 I don’t know about the
nutrients that are there in
fruits and vegetables.

All fruits and vegetables
have similar nutrient
content.

84 50 16  lagree, and it makes us
predisposed to negative
health outcomes.

97 8 3 The operations determine
safety since the farmer is
in charge of supplying
nutrients in the water.

95 16 5 Yes, it removes pesticides,

toxins and germs.

It's absolutely true,
washing and cooking
removes residues from
fruits and vegetables
95 15 5 Poor
storage
contamination

handling during
causes

Attitude of consumers towards quality and
safety of hydroponically grown fruits and
vegetables in Kiambu County

The results on the attitude of consumers on the
quality and safety of hydroponically grown FAVs
are presented in Table 3. Overall, the consumers
had a negative attitude (2.54£1.204) about
hydroponically grown FAVs. This was mostly
contributed by the aspect of the safety of
hydroponic FAVs. Consumers were skeptical
about hydroponic food crops being grown for a
short period of time (2.32 + 1.488), they disagreed

that hydroponic farming was the safest system
for production of FAVs (223 + 1.307) and
therefore they were not willing to look for
hydroponically produced FAVs in the market for
family consumption. Intriguingly, despite a few
consumers having good knowledge in the quality
of hydroponically FAVs, most of them had a
slightly positive attitude about the visible and
invisible qualities of hydroponic FAVs
(statement 1 and 3) hence rated them higher
compared to other aspects.

Table 3: The attitude of consumers in Kiambu County on the quality and safety of hydroponically grown
fruits and vegetables

Statement MeaniSD
1 Hydroponic FAVs have the best visible qualities 3.27 £1.339
2 I'd look for only hydroponic FAVs in the market 225+1.323
3 Hydroponic FAVs have the best nutritional qualities 3.55+1.279
4 I am not concerned about the quality of FAVs 3.05+1.486
5 Hydroponic FAVs should be produced everywhere 1.63 +£0.777
6 The quality of hydroponic FAVs is not satisfactory R 4.37+0.777



7 It’s good to produce FAVs in a short period 2.32+1.488
9 I care about the safety of hydroponic FAVs 4.01+1.211
10 Hydroponic system is safe for growing FAVs 2.23+1.307
11 I'd look for hydroponic FAVs because they are safe 1.95+1.262
12 Hydroponically grown fruits and vegetables are naturally grown 2.72+1.786
13 I'd recommend my family to eat hydroponic FAVs 216 £1.249
14 Hydroponics should be the only production method 2.00+1.211
15 Hydroponics is the solution to poor quality and unsafe FAVs 231 +1.564

Overall 2.45+1.204

Attitude was measured as mean x SD on a five-point scale where 1=strongly disagree, 2=disagree, 3=neutral, 4=agree
and 5=strongly agree. Statements with superscripted letter R show that they were reverse coded.

Practices of consumers that impact the quality
and safety of hydroponic fruits and vegetables in
Kiambu County

The results on the practices that consumers in
Kiambu County employ in handling FAVs are
presented in Table 4. The practices of consumers
were generally good in relation to handling FAVs
before purchase and consumption. Most
consumers (68%) washed their FAVs under

running water before cutting them. They noted
that they stored FAVs for at most one day before
preparation and consumption (79%). However,
majority (72%) had poor means of storage of
FAVs which could negatively impact the quality
and safety of FAVs. In addition, 63% used poor
food preparation methods other than steaming
vegetables.

Table 4: Practices of consumers in Kiambu County that impact the quality and safety of fruits and

vegetables
Questions Practice n %
1 Where do you source your FAVs?  1-Farmer 31 10
0-Others 279 90
2 Which factors do you consider 1-Nutrients 67 22
before purchasing FAVs? 0-Visible qualities 243 78
3 Where do you keep/store FAVs 1-fridge/cooking 86 28
after purchase? utensils/shopping bags
0-others 224 72
4 How long do you store FAVs after 1-never store, eat 244 79
purchase? straightaway/one day
0-more than two days 66 21
5 Do you remove peels from fruits 1-Yes 306 99
before consumption? 0-No 4 1
6 How do you wash FAVs? 1-under running water 211 68
0-others 99 32
7 How do you prepare your FAVs?  1-eat them raw/steaming 113 37
0-others 197 63
Overall 1-good 213 69
0-poor 97 31




Predictors of the frequency of consumption of
hydroponic fruits and vegetables in Kiambu
county

Predictors of the frequency of consumption of
fruits in Kiambu County

Table 5 presents results on the predictors of
consumption of hydroponic fruits by consumers
in Kiambu County. The significant predictors of
the frequency of consumption entailed age, level
of education and knowledge about the quality
and safety of hydroponically grown fruits

(p<0.05). All the predictors had a positive
influence on the frequency of consumption of
fruits. An increase in the age and the level
education of consumers would increase the
frequency of consumption of fruits by 0.479 and
0.552 units, respectively. On the other hand, an
increase in the knowledge about quality and
safety of hydroponic fruits would increase the
frequency of consumption of fruits with more
than one unit.

Table 5: Predictors of the frequency of consumption of fruits in Kiambu County

Factor B S.E. Sig

Age 0.479 0.154 0.002
Level of education 0.551 0.185 0.003
Knowledge 1.639 0.523 0.002
Attitude 0.301 0.274 0.273
practices 0.153 0.268 0.569
constant -4.814 1.293 0.000

Predictors of the frequency of consumption of
hydroponic vegetables in Kiambu County

The predictors of the frequency of consumption
of hydroponically grown vegetables are
presented in Table 6. Similarly, age, level of
education, and knowledge about the quality and
safety of hydroponic vegetables significantly

predicted the frequency of consumption of
vegetables among consumers in Kiambu County
(p<0.05). All the predictors had a positive
influence on the consumption of vegetables with
an increase in the level of knowledge increasing
the frequency of consumption by more than a
unit.

Table 6: Predictors of the frequency of consumption of hydroponic vegetables in Kiambu County

Factor B S.E. Sig

Age 0.395 0.200 0.048

Level of education 0.645 0.228 0.005

Knowledge 1.232 0.656 0.044

Attitude -0.618 0.338 0.068

Practices 0.367 0.350 0.300

Constant -1.024 1.539 0.506

Discussion because of rational thinking before interacting

Knowledge of consumers on the quality and
safety of hydroponically grown fruits and
vegetables.

Knowledge about different aspects of food has
been found to shape the frequency, and pattern
of consumption of the foods by consumers
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with the foods (Liu et al., 2020; Testa et al., 2019).
The findings of this study have revealed that the
consumers in Kiambu County have an overall
good knowledge about hydroponically grown
FAVs which influenced the relatively high
frequency of consumption of FAVs as shown in
Table 1. The findings are similar to the results



from the studies by Blas et al., (2019) in Spain
where consumers had high knowledge on food
quality and safety and hence demanded
production and processing techniques that
would improve the quality and safety of the
foods so that they consume more. Rahman et al.,
(2021) highlights that in the near future, the
assurance of quality and safety of foods from
producers will be paramount before production
and marketing of food products. This is because
the modern consumers are determined in
searching for information about foods with the
help of internet and communication channels
such as TV programs, smartphones and radio
programs (Jallinoja et al., 2018).

Notably, the consumers in this study were well
versed about the safety issues of FAVs ranging
from the farm operations to consumption of the
foods. It was encouraging that the consumers
understood that the safety of FAVs was not only
their role to play when preparing and consuming
FAVs, but equally originated from the activities
that farmers carry out in the field and in handling
of food. Specifically, the majority agreed that
excessive use of pesticides and fungicides truly
makes FAVs unsafe for consumption. This could
be due to enlightenment about the food related
diseases especially non-communicable diseases
that result from consumption of chemical
contaminated foods. The evidence of this
assertion is drawn from the study by Adeyeye et
al., (2022) who puts forth that health-conscious
consumers who are aware of the inherent and
foreign composition of their foods are likely to
shun contaminated foods because of the fear of
food-borne illnesses. However, the level of
knowledge of consumers in this study was
limited compared to that of consumers in the
study by Chen et al.,, (2020) in Alabama, USA
where consumers were aware of the safety of
hydroponically grown microgreens as well as the
nutritional quality. The skewness in the
knowledge of consumers in our study could be
attributed to the fact that there is a paucity of
information on the nutritional content of
hydroponically grown foods in Kenya since it is
a new farming system. Unlike the physical food
contaminants such as soils and biological agents
such as pests that can be determined from the
outward appearance of foods, the invisible
nutritional quality relies on an in-depth analysis
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of the food matrix to establish the level of
nutrients. This implies that the knowledge of
consumers in Kenya about the nutritional aspects
of FAVs is likely to increase with availability of
information about hydroponically grown foods.
The dissemination of information to consumers
could be effected through different media of
communication so as to enlighten them about the
benefits of hydroponic farming system (Estell et
al., 2021).

4.2 Attitude of consumers on hydroponically
grown fruits and vegetables

It was quite surprising to note that the overall
attitude of consumers in this study was negative
towards the quality and safety of hydroponically
grown FAVs. This is because their attitude did
not synchronize with the frequency of
consumption of the FAVs which was relatively
above average as shown in Table 1. The negative
attitude could be because the consumers are still
learning about the production system hence are
yet to understand and accept the foods grown in
it. On the other hand, the high frequency of
consumption despite the negative attitude could
be because FAVs are limitations in the labelling
of food products in the market place according to
the production system.

The negative attitude was majorly coined around
the safety of the hydroponically grown FAVs
which the consumers had high level of
knowledge on (Table 2). This suggested that
consumers in this study did not find the safety of
hydroponically grown FAVs satisfactory.
Nonetheless, these results were comparable to
those obtained by Chen et al, (2020) where
consumers expressed to value the locally
produced FAVs compared to other methods of
production especially hydroponic farming
system. They associated the local production,
soil-based farming, of FAVs with healthiness,
good taste, cultural value and environmental
friendliness. Second to soil-farming was the
organic farming method that was associated with
limited use of synthetic fertilizers and pesticides,
livestock antibiotics and wuse of genetically
modified organisms (GMOs) (Haghiri et al., 2009;
Nandi et al., 2016).

In a general view, the preference of food
production methods is likely to be influenced by
familiarity and experiences that consumers have



with farming techniques. This is to imply that
consumers can hold on the customary soil-
production method since it has been used from
antiquity hence approval of the sensory attributes
and safety levels (Gashgari et al., 2018). As a
result, the acceptance of new farming techniques
such as greenhouse farming and hydroponic
systems that use high-technology controlled
environment could be low because of a slight
difference in the level of quality and safety
(Karanisa et al., 2022). This postulation is
supported by the study by Broad et al., (2022)
where local food consumers were reluctant to
accept the foods produced by high-technology
environment agriculture because of the question
of naturalness and environmental conservation
as in the local soil-based farming methods. With
the prediction of Food and Agriculture
Organization (FAO, 2018) that hydroponic
farming system will be the top food production
method by 2050 because of sustainability and
high yields, the frequency of consumption of
hydroponic food crops can be improved by
educating consumers about the benefits of
hydroponic farming system and the explaining
the scientific considerations of its safety level so
as to change the attitude of consumers towards
acceptance of these foods.

On the other hand, the consumers were slightly
more positive about the quality of hydroponic
FAVs even though they had a relatively low level
of knowledge about it. This could have been
because of the desirable visible qualities that are
conspicuous with hydroponically produced
FAVs such as tenderness, broad leaves of
vegetables and big sizes of fruits, unspotted
FAVs and dark colored foods. In most instances,
consumers value the quality of foods using the
outward appearance not only because of lack of
knowledge of the intrinsic nutrients but also
unavailability of verification methods of the level
of specific nutrients in the food. This is not
different even on the international market as
evidenced by the study by Yang et al., (2021) in
Japan, Taiwan and Indonesia. Consumers and
retailers utilized the best-worst method to select
foods despite the provision of other quality
certification methods. As a consequence, the
good-looking FAVs were purchased while the
rest were rejected because of the ‘low quality” in
the outward appearance. An implication of a
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such consumer behavior is that as the demand for
food quality and safety is going high, most food
producers will put in efforts to modify the
appearance of foods rather than the intrinsic
components hence reduction in the nutritional
status and health outcomes of consumers.
Fortunately, consumer education by nutritionists
on the importance of inherent nutritional quality
of foods has been positively associated with a
change in consumer attitude towards new foods
hence make informed food choices that impact
positively on their health (Yao et al., 2013).

43 Practices of consumers in handling
hydroponically grown fruits and vegetables
Whereas some routine ways of handling foods
lower the level of quality and safety, other
practices are recommended since they maintain
or even increase the suitability of the food (Frank
et al., 2019). In this study, consumers generally
employed good practices in handling FAVs.
Among these included washing FAVs under
running water before preparation and
consumption. This was remarkable since there is
sufficient evidence that most consumers in the
low-and-middle income countries usually use
soaking and rinsing method, because of
insufficiency in water supply, which increases
the contamination of the food unless more than
three exchanges of water are used (Zander and
Bunning, 2014). In the study by Kilonzo-Nthenge
et al., (2006) it was established that washing-
under-running-water ~ method  significantly
reduced the microbial load from the surfaces of
FAVs more than other methods. This method is
also recommended by the United Nations
Children’s Fund (UNICEF) especially in areas
with a low level of hygiene so as to reduce the
accumulation of microbial contaminants on the
foods (De Faria Coelho-Ravagnani et al., 2021).

Secondly, consumers in this study had a good
practice of storing FAVs for only a day before
consumption, in the event they did not take them
on the day of purchase. This is encouraged as a
good practice since the time of food storage is
critical for the multiplication of infectious
microorganisms  besides  deterioration  of
nutrients especially vitamin A and C that are
sensitive to light and temperature (Lee ef al.,
2018). This finding was comparable to the results
of a review by Makule et al, (2022) in Sub-



Saharan Africa where consumers were reported
to consume FAVs the same day they obtained
them from farmers or vendors due to
unavailability of appropriate storage
mechanisms such as fridges that reduce the
chances of food contamination and spoilage. This
is evidenced in this study by the poor practice of
consumers who were not able to consume FAVs
within the day of purchase. Most of them
indicated that they stored the FAVs in an open
place such as shelves or left them in the shopping
bags rather than storing them in the fridges. The
absence of cold chain systems in most households
in the developing countries is among the topmost
reasons of food wastage besides other post-
harvest losses at the farm level (Holsteijn and
Kemna, 2018).

The other poor practice in handling FAVs was
noted in the preparation of vegetables for
consumption. Most consumers indicated that
they boiled or fried vegetables rather than
steaming. While these methods could be the
normalized ones in the preparation of vegetables
in most households across the developing world,
they have been associated with the destruction of
the nutritional quality of foods. The magnitude of
loss is even greater when the water is drained
from the vegetables since the nutrients leach from
the leaves into the water. This is supported by the
study by Barrett, (2007) who stated that the major
nutrient losses are counted when the vegetables
are subjected to excessive thermal treatment for a
long time. Steaming method, on the other hand,
has been illustrated to be a safer method of
vegetable preparation which retains the bioactive
compounds in food (Lee et al., 2018). It is also
important to note that consumption of some
vegetables when they are raw is commendable in
delivering nutrients in the body since there is
very minimal rate of destruction. Even though
consumers in Kenya do not consume raw
vegetables unless they are presented as salad
and/or kachumbari, it is necessary to enlighten
them on the importance of this practice with the
aim of attaining nutrients from vegetables in the
recommended amounts. Anyhow, it is usually
unintentional to alter the quality and safety of
FAVs with the practices employed in handling
foods. This is because some practices are used
from the point of preference and conveniency
while others are used because of lack of
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knowledge of the alternative methods. This
points out the vital role of sensitization of the
community about proper food handling
techniques so that the consumers use the best
methods that maintain or improve the quality
and safety of the foods available to them (De
Faria Coelho-Ravagnani et al., 2021).

4.4 Predictors of the frequency of consumption of
fruits and vegetables

Basically, several factors influence the food
choices of consumers in a specific geographic
location. While some of these factors might be
unique to a population, others are shared across
countries. Notably, the influence of these factors
can be either positive or negative. Specific to this
study, an increase in age, level of education and
the knowledge of consumers on the quality and
safety of FAVs could significantly increase the
frequency of consumption of hydroponic FAVs.
Firstly, categorization of consumers based on age
is necessary in this era because of the difference
in the food exposures and experiences that are
facilitated with global interactions through
internet access. As many young consumers are
attracted to the processed and packaged foods,
older consumers are more conscious about their
health outcomes hence consumption of healthy
and nutritious foods such as FAVs. The current
results are congruent with the study by Sanlier et
al., (2018) in Turkey where most young
consumers preferred processed animal-based
street foods to plant-based products as opposed
to the older consumers. The results were also
similar among the Ugandan consumers (Kityo
and Park, 2022). Another reason about this
observation could be because of the high
prevalence of food-related health conditions
among the older consumers. There is adequate
evidence that show that most of the health

conditions such as heart diseases, cancer,
osteoporosis develop or aggravate with
progression in age (O'Brien et al, 2020;

Shchepinov, 2020). As a result, health experts
counsel consumers to use plant-based foods such
as FAVs which have adequate antioxidants,
bioactive compounds and phytochemicals that
delay the development of progression of the
prevailing diseases. Therefore, consumers who
are advancing in age tend to follow this
recommendation for an increased lifespan and



reduction in the burden of health care costs
(Schiano and Drake, 2021).

Secondly, it was reasonable that an increase in the
level of education of consumers could increase
the frequency of intake of FAVs in this study. The
current results were similar to the studies by
Assari & Lankarani, (2018); Frank et al., (2019);
Stea et al., (2020). This could be because a higher
education level enlightens consumers to make
informed food choices from the knowledge
obtained in the learning areas. Highly educated
consumers are therefore more aware and alert on
the food and health related matters hence
rationally weigh the benefits and risks of the
foods available to them before making their
choices unlike their low level educated
counterparts. In the study by Van Loo et al., (2020)
educated consumers were reported to prefer
plant-based food alternatives to farm and lab-
grown animal foods citing nutrition and health
benefits as the motivational factors. This outlines
the importance of community nutrition
education of consumers with a low education
level to increase their knowledge on the
importance of consumption of healthy, safe and
nutritious foods such as hydroponically grown
FAVs. This is because an increased level of
knowledge was positively associated with an
increase in the frequency of consumption of both
fruits and vegetables by consumers in this study
as shown Table 5 and 6, respectively. The
findings were similar to the studies by Hirvonen
et al., (2017); Spronk et al., (2014) especially in the
western countries. It is beyond doubt that
consumption of nutritious foods is highly
dependent on the awareness of the composition
of nutrients in the foods within the reach of
consumers. Nutritional knowledge can easily be
transmitted through different media platforms to
both consumers who have specialized in the
nutrition matters and others. However, the
uptake of this information is solely individual-
based implying that there is a need for
consistency in transmission, and use of different
channels to put emphasis on this critical matter
so as to improve the uptake of information. In
addition, nutrition knowledge can be shared
among children in schools so as to nurture
citizens who are versed with nutritious and
healthy foods for a good nutritional and health
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outcomes (Asakura et al., 2017; Barbosa et al.,
2016) .

On the other hand, the attitude and practices of
consumers could not have influenced the
frequency of consumption of hydroponically
grown FAVs significantly because of the role that
these foods play in the diet of most consumers in
Kenya. It is worth mentioning that Kenyan
consumers utilize vegetables as part of the main
meal in a higher frequency compared to animal-
based foods for reasons ranging from low socio-
economic status to customary food consumption
patterns. In this regard, even if the consumers
have a negative attitude about quality and safety
of vegetables, they might find it difficult to
exclude them from the diet especially the families
that use them as the only sauce for consumption
of staple foods such as ‘Ugali’, rice and sweet
potatoes. In another perspective, consumers
access and afford FAVs from the wet markets
where the quality and safety level are reliant on
the social relationship with the farmers and
vendors. The supermarkets that often label FAVs
ie, in terms of the farming system are
inaccessible to most consumers. In addition, the
supermarkets tag high prices that are often a
hindrance to purchase foods as compared that on
the local market. For these reasons, most
consumers do not have a variety of options that
can allow them to factor in their attitude before
buying FAVs despite the production system. The
insignificant influence of consumer practices on
the frequency of consumption of hydroponic
FAVs could be because each household has
different acceptable ways of handling foods
hence a less important consideration in
consuming foods. Therefore, even if the practices
are applied without knowledge of the quality and
safety of foods, the consumers identify with them
and maintain their frequency of consumption as
long as the family members do not succumb to
illnesses (Paltrinieri, 2017).

Conclusion

Acceptance, and consumption of food crops
produced in new farming techniques is facilitated
by a range of factors. This includes possession of
proper information about the food production
systems, knowledge on the benefits of the foods
and the socio-demographic characteristics of the



consumer. This was well demonstrated in this
study as a high level of knowledge of consumers
about the quality and safety of hydroponic foods
significantly increased the consumption of FAVs.
In relation to the socio-demographic
characteristics of consumers, this study revealed
that age and the level of education were the
predictors of the frequency of consumption of
FAVs. It was also interesting to note that the
frequency of consumption of FAVs remained
relatively high despite the negative attitude of
consumers towards this new farming technique
that consumers are still familiarizing with. Lastly,
the study results showed that consumers in
Kiambu County employed good practices in
handling FAVs hence preservation of the quality
and safety of the foods.

Recommendations

Based on the findings of this study, the following
recommendations, towards (i) promotion of
hydroponically grown foods and (ii) further
research, can be made.

6.1 Recommendations for promotion of
hydroponically grown fruits and vegetables

i.  This study suggests that nutritionists
should conduct community nutrition
education programs among consumers
who are unaware of the quality and
safety aspects of hydroponically grown
foods so that they make informed choices
in purchasing and consuming foods for a
good nutritional and health outcome.

ii.  Nutritionists and food safety experts
should enlighten consumers about the
general proper handling practices that
maintain the quality and safety of foods.
This can be facilitated through local radio
programs, TV channels and smartphones
so as to reach a larger number of people.

iii. The extension officers should sensitize,
and train farmers countrywide so as to
scale up the production of hydroponic
food crop in a sustainable farming
system so as to meet the nutritional
needs of consumers hence alleviate
malnutrition in Kenya.
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6.2 Recommendation for further research

Most of the consumer concerns that contributed
to an overall negative attitude towards
hydroponic FAVs were centered around safety of
hydroponically grown foods. To ascertain the
safety of hydroponic foods, a study should be
conducted to establish the safety of
hydroponically grown foods from microbial and
chemical contaminants at farm level, market and
consumer levels.

Data availability

Data used to support the findings of this study
are available from the corresponding author
upon request.

Conflict of interest
Authors declare no conflict of interest upon
publication of this paper.

References

Adeyeye, S. A. O, Ashaolu, T. ], & ldowu-
Adebayo, F. (2022). Mycotoxins: Food
Safety, Consumer Health and Africa’s Food
Security. Polycyclic Aromatic Compounds,

42(8), 5779-5795.
https:/ /doi.org/10.1080/10406638.2021.19
57952

Asakura, K., Todoriki, H., & Sasaki, S. (2017).
Relationship between nutrition knowledge
and dietary intake among primary school
children in Japan: Combined effect of
children’s and their guardians” knowledge.
Journal of Epidemiology, 27(10), 483-491.
https:/ /doi.org/10.1016/j.je.2016.09.014

Assari, S., & Lankarani, M. (2018). Educational
Attainment Promotes Fruit and Vegetable
Intake for Whites but Not Blacks. |
Multidisciplinary Scientific Journal, 1(1), 29-
41. https:/ /doi.org/10.3390,/j1010005

Balschweid, M. A., & Thompson, G. W. (2002).

Integrating  Science In  Agricultural
Education: ~ Attitudes  Of  Indiana
Agricultural Science And  Business
Teachers. Journal of Agricultural Education,
43(2), 1-10.

https://doi.org/10.5032/jae.2002.02001
Barbosa, L. B., Vasconcelos, S. M. L., Correia, L.



O. dos S., & Ferreira, R. C. (2016). Nutrition
knowledge assessment stdies in adults: a
systematic review. Ciencia e Saude Coletiva,
21(2), 449-462.
https:/ /doi.org/10.1590/1413-
81232015212.20182014

Barrett, D. M. (2007). Maximizing the nutritional
value of fruits & vegetables. In Food
Technology (Vol. 61, Issue 4, pp. 40-44).

Binge, B. (2019). Hydroponics Performance
Evaluation Report Hydroponics Innovation in
Kenya (Issue August).

Blas, A., Garrido, A., Unver, O., & Willaarts, B.
(2019). A comparison of the Mediterranean
diet and current food consumption patterns
in Spain from a nutritional and water
perspective. Science of the Total Environment,

664(10), 1020-1029.
https:/ /doi.org/10.1016/j.scitotenv.2019.0
2111

Broad, G. M., Marschall, W., & Ezzeddine, M.
(2022). Perceptions of high-tech controlled
environment agriculture among local food
consumers: using interviews to explore
sense-making and connections to good
food. Agriculture and Human Values, 39(1),
417-433. https:/ /doi.org/10.1007/s10460-
021-10261-7

Chen, H., Tong, X., Tan, L., & Kong, L. (2020).
Consumers’ acceptability and perceptions
toward the consumption of hydroponically
and soil grown broccoli microgreens.
Journal of Agriculture and Food Research,
2(March), 100051.
https://doi.org/10.1016/j.jafr.2020.100051

Cochran. (2003). Determination of sample size.
Malaysian Journal of Medical Sciences, 10(2),
84-86.

De Faria Coelho-Ravagnani, C., Corgosinho, F.
C., Sanches, F. L. F. Z.,, Prado, C. M. M,,
Laviano, A., & Mota, J. F. (2021). Dietary
recommendations during the COVID-19
pandemic. Nutrition Reviews, 79(4), 382-393.
https://doi.org/10.1093 /nutrit/ nuaa067

Dorman, J. P., & Fraser, B. . (2009). Psychosocial
environment and affective outcomes in
technology-rich classrooms: Testing a

causal model. Social Psychology of Education,

12(1), 77-99.
https:/ /doi.org/10.1007/511218-008-9069-
8

Ergoniil, B. (2013). Consumer awareness and
perception to food safety: A consumer
analysis. Food Control, 32(2), 461-471.
https:/ /doi.org/10.1016/j.foodcont.2013.0
1.018

Estell, M., Hughes, ]., & Grafenauer, S. (2021).
Plant protein and plant-based meat
alternatives: Consumer and nutrition
professional attitudes and perceptions.
Sustainability (Switzerland), 13(3), 1-18.
https:/ /doi.org/10.3390/5u13031478

FAO. (2018). The future of food and agriculture —
Alternative pathways to 2050.
http:/ /www.fao.org/3/18429EN /i8429en.
pdf

Frank, S. M. Webster, ], McKenzie, B,
Geldsetzer, P., Manne-Goehler, J., Andall-
Brereton, G., Houehanou, C., Houinato, D.,
Gurung, M. S., Bicaba, B. W., McClure, R.
W., Supiyev, A., Zhumadilov, Z., Stokes, A.,
Labadarios, D., Sibai, A. M., Norov, B.,
Aryal, K. K,, Karki, K. B,, ... Jaacks, L. M.
(2019). Consumption of fruits and
vegetables among individuals 15 years and
older in 28 low- And middle-income
countries. Journal of Nutrition, 149(7), 1252~
1259. https:/ /doi.org/10.1093 /jn/nxz040

Gashgari, R., Alharbi, K., Mughrbil, K., Jan, A., &
Glolam, A. (2018). Comparison between
growing plants in hydroponic system and
soil based system. Proceedings of the World
Congress on Mechanical, Chemical, and
Material Engineering, August.
https://doi.org/10.11159/icmiel8.131

Gkana, E. N., & Nychas, G. J. E. (2018). Consumer
food safety perceptions and self-reported
practices in Greece. International Journal of
Consumer Studies, 42(1), 27-34.
https://doi.org/10.1111/ijcs. 12391

Gumisiriza, M. S., Ndakidemi, P. A., & Mbega, E.
R. (2020). Memoir and Farming Structures
under Soil-Less Culture (Hydroponic
Farming) and the Applicability for Africa: A



Review. Agricultural Reviews, I1(OF), 1-7.
https://doi.org/10.18805/ag.r-137

Haddad, R. F. (2021). Hydroponic agriculture in
Lebanon: A window for food security and rural
development.

Haghiri, M., Hobbs, J. E., & McNamara, M. L.
(2009). Assessing consumer preferences for
organically grown fresh fruit and
vegetables in eastern New Brunswick.
International ~ Food  and  Agribusiness
Management Review, 12(4), 81-100.

Hirvonen, K., Hoddinott, J., Minten, B., & Stifel,
D. (2017). Children’s Diets, Nutrition
Knowledge, and Access to Markets. World

Development, 95, 303-315.
https://doi.org/10.1016/j.worlddev.2017.0
2.031

Holsteijn, F. van, & Kemna, R. (2018). Minimizing
food waste by improving storage conditions
in household refrigeration. Resources,
Conservation and Recycling, 128(June 2017),
25-31.
https:/ /doi.org/10.1016/j.resconrec.2017.0
9.012

Hons, A. W. (2002). Nutrition knowledge and
food  consumption: can  nutrition
knowledge change food behaviour? Asia
Pacific Journal of Clinical Nutrition, 11, 579~
585.

Jagtap, P., Profile, S., Lakhawat, S. S., Singh, P. K.,
Jagtap, P. P., Bhakar, S. R., & Kothari, M.
(2022). Present status and future prospective of
hydroponics technique: hope and hype for future
welfare. 10(3), 65-77. www .jpht.in

Jallinoja, P., Vinnari, M., & Niva, M. (2018).
VEGANISM AND PLANT-BASED
EATING: Analysis of Interplay Between
Discursive Strategies and Lifestyle Political
Consumerism. In The Oxford Handbook of

Political Consumerism.
https://doi.org/10.1093/ oxfordhb/978019
0629038.013.52

Jan, S., Rashid, Z., Ahngar, T. A, Igbal, S,
Naikoo, M. A., Majeed, S., Bhat, T. A., Gul,
R., & Nazir, I. (2020). Hydroponics - A
Review. International Journal of Current
Microbilology ~ and ~ Applied  Sciences,

17

9(August), 10.
https:/ /doi.org/10.20546/ijcmas.2020.908.
206

Kader, A. (2001). Importance of Fruits, Nuts, and
Vegetables in Human Nutrition and Health.
In Perishables Handling Quarterly (Issue 106,
p- 3).
www.usda.gov/cnpp/0Ahttps:/ /ucanr.ed
u/datastoreFiles/234-104

Karanisa, T., Achour, Y., Ouammi, A., & Sayadi,
S. (2022). Smart greenhouses as the path
towards precision agriculture in the food-
energy and water nexus: case study of
Qatar. Environment Systems and Decisions,

42(4), 521-546.
https:/ /doi.org/10.1007 /s10669-022-
09862-2

Kiambi, S., Mwanza, R., Sirma, A., Czerniak, C.,
Kimani, T., Kabali, E.,, Dorado-garcia, A.,
Eckford, S., Price, C, Gikonyo, S,
Byarugaba, D. K., & Caudell, M. A. (2021).
Understanding Antimicrobial Use Contexts in
the Poultry Sector : Challenges for Small-Scale
Layer Farms in Kenya. 1-17.

Kiambu, C. G. of. (2022). County governement of
Kaimbu County intergrated development plan
(Issue February 2018).

Kilonzo-Nthenge, A., Chen, F. C., & Godwin, S.
L. (2006). Efficacy of home washing
methods in controlling surface microbial
contamination on fresh produce. Journal of

Food Protection, 69(2), 330-334.
https:/ /doi.org/10.4315/0362-028X-
69.2.330

Kityo, A., & Park, P.-S. (2022). Away-from-Home
Eating and Dietary Patterns of Ugandan
Adults: a Web-based-Survey. Korean Journal
of Community  Nutrition, 27(1), 1.
https:/ /doi.org/10.5720/kjcn.2022.27.1.1

Kokthi, E.,, Gonzalez Limén, M., & Vazquez
Bermudez, 1. (2015). Origin or Food Safety
attributes? Analyzing consumer
preferences using Likert Scale. Empirical
evidence from Albania. New Medit, 14(4),
50-57.

Kubhar, A., & Juvancic, L. (2010). What determines
purchasing behaviour for organic and



integrated fruits and vegetables? Bulgarian
Journal of Agricultural Science, 16(2), 111-122.

Lans, C. Van Der, Snoek, H., Boer, F. De, & Elings,
A. (2019). Vegetable chains in Kenya:
Production and Consumption of Vegetables
in the Nairobi Metropolis. Wageningen UR
Greenhouse Horticulture, 3, 88.
https:/ /edepot.wur.nl/216710

Lee, S, Choi, Y., Jeong, H. S, Lee, J., & Sung, J.
(2018). Effect of different cooking methods
on the content of vitamins and true
retention in selected vegetables. Food Science
and Biotechnology, 27(2), 333-342.
https:/ /doi.org/10.1007/s10068-017-0281-
1

Legg, C., Puri, A., & Thomas, N. (2000). Dietary
restraint and self-reported meal sizes: Diary
studies with differentially informed
consent.  Appetite,  34(3),  235-243.
https:/ /doi.org/10.1006/appe.2000.0314

Lim, M., & Kim, J. (2019). Association between
fruit and vegetable consumption and risk of
metabolic syndrome determined using the
Korean Genome and Epidemiology Study (
KoGES ). European Journal of Nutrition,
0123456789.
https:/ /doi.org/10.1007 /s00394-019-
02021-5

Liu, A.-]., Li, J., & Gomez, M. L. (2020). Factors
influencing consumption of edible insects
for chinese consumers. Insects, 10(11), 1-13.

Majid, M., Soil, M. T., Engineering, W., & Khan, J.
N. (2020). Evaluation of hydroponic
systems for the cultivation of Lettuce (
Lactuca sativa L . , var . Longifolia ) and
comparison with protected soil-based
cultivation. Agricultural Water Management,

November 2019, 106572.
https://doi.org/10.1016/j.agwat.2020.1065
72

Makule, E., Dimoso, N., & Tassou, S. A. (2022).
Precooling and Cold Storage Methods for
Fruits and Vegetables in Sub-Saharan
Africa— A Review. Horticulturae, 8(9), 1-15.
https://doi.org/10.3390/horticulturae8090
776

Medeiros, L. C., Kendall, P., Hillers, V., Chen, G.,

& Dimascola, S. (2001). Identification and
classification of consumer food-handling
behaviors for food safety education. In
Journal of the American Dietetic Association
(Vol. 101, Issue 11).
https:/ /doi.org/10.1016/S0002-
8223(01)00318-2

Morgan, P. ]J.,, Warren, J. M., Lubans, D. R,

Saunders, K. L., Quick, G. I, & Collins, C. E.
(2010). The impact of nutrition education
with and without a school garden on
knowledge,  vegetable intake and
preferences and quality of school life among
primary-school students. In Public Health
Nutrition (Vol. 13, Issue 11, pp. 1931-1940).
https:/ /doi.org/10.1017/513689800100009
59

Nandi, R.,, Bokelmann, W., Gowdru, N. V., &

Dias, G. (2016). Factors influencing
cosumers willingness to pay for organic
fruits and vegetables: Empirical evidence
from a consumer survey in India. Journal of
Food Products Marketing, 23(4), 430-451.

O’Brien, V. M., Nea, F. M., Pourshahidi, L. K.,

Livingstone, M. B. E., Bardon, L., Kelly, C.,
Kearney, J. M., & Corish, C. A. (2020).
Overweight and obesity in shift workers:
Associated dietary and lifestyle factors.
European Journal of Public Health, 30(3), 579~
584.

https://doi.org/10.1093 /eurpub/ckaa084

Okop, K. J., Ndayi, K., Tsolekile, L., Sanders, D.,

& Puoane, T. (2019). Low intake of
commonly available fruits and vegetables in
socio-economically disadvantaged
communities of South Africa: Influence of
affordability and sugary drinks intake.
BMC  Public  Health, 19(1), 1-14.
https://doi.org/10.1186/5s12889-019-7254-
7

Paltrinieri, G. (2017). Handling of fresh fruits,

vegetables and root crops. Agricultural
Marketing Improvement, 16-17.
http:/ /www.fao.org/3/a-aul86e.pdf

Patch, C. S, Tapsell, L. C., & Williams, P. G.

(2005). Attitudes and intentions toward
purchasing novel foods enriched with



omega-3 fatty acids. Journal of Nutrition
Education and Behavior, 37(5), 235-241.
https://doi.org/10.1016/51499-
4046(06)60277-7

Rahman,S. M. E., Mele, M. A., Lee, Y.-T., & Islam,
M. Z. (2021). Consumer Preference, Quality,
and Safety of Organic and Conventional
Fresh Fruits, Vegetables, and Cereals. Foods,
10(1), 105.
https:/ /doi.org/10.3390/foods10010105

Ramos, B.,, Miller, F. A., Branddao, T. R. S,
Teixeira, P., & Silva, C. L. M. (2013). Fresh
fruits and vegetables - An overview on
applied methodologies to improve its
quality and safety. Innovative Food Science
and  Emerging  Technologies, 20, 1-15.
https://doi.org/10.1016/j.ifset.2013.07.002

SN, S, & V., S (2020). A Survey on
Hydroponics based Smart Agriculture.
Adalya Journal, 9I1), 1133-1137.

https:/ /adalyajournal.com/

Sanlier, N., Sezgin, A. C., Sahin, G., & Yassibas, E.
(2018). A study about the young consumers’
consumption behaviors of street foods.
Ciencia e Saude Coletiva, 23(5), 1647-1656.
https:/ /doi.org/10.1590/1413-
81232018235.17392016

Schiano, A. N., & Drake, M. A. (2021). Consumer
understanding of fluid milk and cheese
processing and composition. Journal of Dairy
Science, 104(8), 8644-8660.
https:/ /doi.org/10.3168/jds.2020-20057

Shchepinov, M. S. (2020). Polyunsaturated Fatty
Acid Deuteration against
Neurodegeneration. Trends in
Pharmacological ~ Sciences, 41(4), 236-248.
https://doi.org/10.1016/j.tips.2020.01.010

Spronk, I., Kullen, C., Burdon, C., & O’Connor, H.
(2014). Relationship between Nutrition
Knowledge and dietary intake. British
Journal  of  Nutrition(2014), 111, 14.
https:/ /academic.oup.com/milmed/articl
e/168/12/997 /4820127

Stea, T. H., Nordheim, O., Bere, E., Stornes, P., &
Eikemo, T. A. (2020). Fruit and vegetable
consumption in Europe according to

19

gender, educational attainment and
regional  affiliation—A  cross-sectional
study in 21 European countries. In PLoS
ONE (Vol. 15, Issue 5).
https:/ /doi.org/10.1371 /journal.pone.023
2521

Testa, F., Sarti, S., & Frey, M. (2019). Are green
consumers really green ? Exploring the factors
behind the actual consumption of organic food
products. July 2018, 327-338.
https:/ /doi.org/10.1002/bse.2234

Van Loo, E. J., Caputo, V., & Lusk, ]J. L. (2020).
Consumer preferences for farm-raised
meat, lab-grown meat, and plant-based
meat alternatives: Does information or
brand matter? Food Policy, 95(August 2019),
15.
https:/ /doi.org/10.1016/j.foodpol.2020.10
1931

Yang, S. H., Panjaitan, B. P., Ujiie, K., Wann, ]. W.,
& Chen, D. (2021). Comparison of food
values for consumers’ preferences on
imported fruits and vegetables within
Japan, Taiwan, and Indonesia. Food Quality
and  Preference, 87(July 2020), 104042.
https:/ /doi.org/10.1016/j.foodqual.2020.1
04042

P., Ozier, A., Brasseur, K., Robins, S,
Adams, C., & Bachar, D. (2013). Food Pantry
Nutrition Education about Whole Grains
and Self-Efficacy. Family and Consumer
Sciences Research Journal, 41(4), 426-437.
https:/ /doi.org/10.1111/fcsr.12028

Yao,

Zander, A., & Bunning, M. (2014). Guide to
washing fresh produce. Colorado State

University, 9, 9-10.
http:/ /www.ext.colostate.edu/pubs/food
nut/09380.html

Zhen, C. (2016). How aging affects self-reports ~. 13,
185-193. https://doi.org/10.1007/510433-
016-0369-0



