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Improvement in the knowledge level of dairy farmers and the performance of on-farm safety and hygiene
practices in emerging dairy chains is repeatedly recommended. However, appropriate training interventions to
help farmers is not yet fully explored. Behaviour change theories to design training to improve knowledge and
explore drivers of safety and hygiene control performance have been found useful in food service settings but
were not yet tested in dairy farming. This study aimed to develop a training intervention based on the theory of
planned behaviour (TPB) and analyze its effectiveness in influencing drivers of dairy farmers’ behaviour to
perform safety and hygiene control practices. Three teaching and learning methods were adopted: 1) slides and
group discussions, 2) videos, pictures and story analysis, and 3) practical demonstrations. A total of 107 dairy
farmers participated in a three-day training programme. Measuring at pre-training and post-training, we found
that the knowledge level of most farmers improved. The number of farmers with a positive intention to perform
specific pre- and post-milking practices such as hand washing, teat dipping, cleaning the shed, and milk storage
in clean containers was higher post-training. Multiple linear regression analysis of the TPB model explained 25%
of the variance of the intention to perform personal hygiene, 18% of the udder and teat care, 10% of the shed and
floor sanitation, and 16% of milk cooling and storage practices. Also, the perceived pressure from others was a
significant predictor of the intention to perform personal hygiene, udder and teat, and shed and floor sanitation
practices. Thus, by using TPB as the underlying theory, we have unravelled the influence of subjective norm as a
crucial factor in the performance of on-farm safety and hygiene control practices in societies where communal
culture is dominant. Besides, this study adds to the scientific knowledge of the appropriate teaching and learning
methods that could be applied for training farmers in developing dairy chains.

1. Introduction
The implementation of food safety and hygiene measures throughout
the dairy chain is a major priority to mitigate the risk of foodborne
hazards in dairy products. However, persisting challenges in the per
formance of safety and hygiene control practices characterize emerging
dairy chains (Amenu et al., 2019; Kamana et al., 2017; Kussaga et al.,
2015; Ledo et al., 2019). Moreover, human resource and capacity con
straints, loose relationships between chain actors, and underdeveloped
technologies in the production and distribution system challenge the
potential to enlarge dairy production (Hoffmann et al., 2019; Makoni
et al., 2014). Consequently, dairy products are characterized by a risk of
high bacterial load (Islam et al., 2018; Kamana et al., 2014; Washabaugh

et al., 2019) and aflatoxin M1 occurrence (Flores-Flores et al., 2015;
Iqbal et al., 2015). In a previous study, a customised tool to precisely
assess the practice performance of chain actors in Tanzania was applied
(Ledo et al., 2020a, 2020b). Critical analysis of the findings revealed
gaps in farmer knowledge related to milk cooling, personal and envi
ronmental hygiene, as reflected in the sub-standard performance of the
assessed hygiene practices. Moreover, we observed that differences in
the level of safety and hygiene practices of groups of farmers did not
translate into differences in milk safety and quality parameters, because
the practices were universally performed below international standards.
This emphasizes that dedicated training may be needed to improve
farmers’ knowledge and attitude towards their hygiene practices, which
may subsequently lead to improved milk quality and safety.
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Therefore, we aimed to develop a training intervention based on the
theory of planned behaviour (TPB) and analyzed its effectiveness to
influence drivers of behaviour of dairy farmers’ safety and hygiene
control practices. The structure of the paper is as follows. Firstly, we
present behaviour change theories for food safety and hygiene training
as a theoretical basis for the design and implementation of the training.
Secondly, we present the choice of educational materials, the design of
the tailored training, and the implementation of the actual training.
Finally, we assess the effectiveness of the training.

In developing countries, different training approaches such as the
training and visits (T&V), and farmer field schools (FFS) typify the
transfer of knowledge and skills in agricultural food chains to farmers
(Anderson & Feder, 2007). The T&V is a top-down approach, where
extension staff transfers knowledge to a contact farmer, who then leads
the dissemination of knowledge to other farmers (Anderson & Feder,
2007). On the other hand, FFS are a bottom-up, participatory, hands-on
learning and collective decision-making approach by farmers to
generate solutions to specific farming challenges, with support of a
trained facilitator (Duveskog et al., 2011). Participatory activities of FFS
have helped dairy farmers gain knowledge and skills on specific topics,
such as milk production, animal health, and marketing (Vaarst, 2007).
However, the usefulness of this FFS approach is contested, with some
studies demonstrating improvement in farmers food security, adoption
of new technology, and improvement in yield (Braun et al., 2006; Davis
et al., 2012; Diab, 2015; Stewart et al., 2015; Vaarst et al., 2007),
whereas others have expressed concerns about the lack of evidence of its
long term impact (Van den Berg & Jiggins, 2007; Waddington et al.,
2014).
There is growing evidence in foodservice operations that using
behaviour change theories to underpin the design and implementation
of training interventions is effective, as they help to target underlying
behaviours (i.e., attitude, norm, and self-efficacy) necessary to perform
safety and hygiene practices (Prestwich et al., 2015; Young et al., 2018).
A review by Young et al. (2018) found that the behaviour change the
ories used to study underlying drivers of food safety behaviour have
primarily been the theory of planned behaviour, followed by the health
belief model. But in farm settings, there is yet the limited application of
such theories in developing training interventions, addressing drivers of
behaviour towards the performance of specific farm practices. Never
theless, a study by Soon and Baines (2012), which used the theory of
planned behaviour to develop training materials and investigated
handwashing intention of fresh produce farmworkers, demonstrated
improvements in knowledge and provided clarity into underlying bar
riers to handwashing.
To our knowledge, applying a behaviour change theory as a basis to
design and implement training interventions for dairy farmers tailored
for safety and hygiene control practice improvement is still unexplored.

2. Theoretical framework underlying training intervention
Fig. 1 shows the theoretical framework developed for the design and
implementation of a tailored training intervention for dairy farmers in
an emerging dairy chain. The framework was developed based on the
principles of the techno-managerial research approach, the food hygiene
training model, and the theory of planned behaviour (Ajzen, 1991; Ajzen
et al., 2011; Luning & Marcelis, 2006; Seaman, 2010). The
techno-managerial research approach was used to enable a concurrent
analysis of the interplay between technological and people-related fac
tors that can influence food quality and safety (Luning & Marcelis,
2006). The approach better explains the variability arising from manual
handling practices coupled with different levels of underdeveloped
technologies which dominate on-farm milk production activities in
emerging dairy chains (Islam et al., 2018; Ledo et al., 2019; Makoni
et al., 2014).
The framework shows the integration of the teaching and learning
process with the targeted behavioural drivers using the theory of plan
ned behaviour. We underpinned the teaching and learning process with
the definition of training by Salas et al. (2012), which is the planned and
systematic activities designed to promote the acquisition of knowledge,
skills and attitudes. We postulate, based on Salas and Cannon-Bowers
(2001), that training would boost an individual’s competence to
perform a behaviour. We adapted the food hygiene training model of
Seaman (2010) as a guide to identifying training needs, defining
learning objectives, determining teaching and learning methods,
designing the training programme, and assessing the training
effectiveness.

Fig. 1. Theoretical framework of the tailored training intervention integrating the knowledge transfer process and the behaviour drivers of on-farm safety and
hygiene control practices (adapted from Ajzen (1991) and Seaman (2010)).
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According to Conner and Norman (2005), behaviour change theories
provide a basis to explain the underlying intrinsic (i.e., sociodemo
graphic, personality, self-efficacy) and extrinsic (i.e., social incentives
and restrictions) factors, which influence an individual’s behaviour. We
adopted the theory of planned behaviour (TPB) because it is widely used
in designing and implementing food safety and hygiene training in
terventions (Mullan & Wong, 2010; Young et al., 2018), and because of
its reliability to predict the variation in behavioural intention and actual
behaviour (Ajzen, 1991; Shapiro et al., 2011; Young et al., 2018).
Moreover, it provides a clear structure to evaluate the effectiveness of
interventions targeted at food safety and hygiene behaviour change
(Mullan & Wong, 2010). Overall, TPB outlines that the intention to
perform a behaviour, and the perceived behavioural control, i.e., the
individual’s perceived ease or difficulty to perform the behaviour, de
termines an individual’s actual behaviour (Ajzen, 1991).
Ajzen (1991) also asserts that the intention to perform a behaviour is
a function of the attitude, subjective norm, and the perceived behav
ioural control. Where attitude refers to the overall disposition to perform
the behaviour, and subjective norm, the perceived pressure from sig
nificant others to perform the behaviour. We used the underlying atti
tudes, subjective norm, perceived behavioural control, and intention to
perform safety and hygiene practices on the farm to formulate questions
for assessing the knowledge of dairy farmers before, during, and after
the training. Furthermore, the learning objectives and mode of training
delivery were formulated and developed, respectively, based on the
underlying drivers of behaviour. Ultimately, the framework shows that
appropriate knowledge received through effective teaching and learning
processes will trigger positive attitudes, subjective normnorm, and
perceived behavioural control, which can all stimulate strong intentions
to perform crucial on-farm safety and hygiene practices.

(2010) stressed that training objectives related to food safety and hy
giene need to be given careful consideration, as participants are bound
to devalue the teaching and learning process if the objectives do not
align with their work. Therefore, we defined the following main learning
objectives: 1) to enhance dairy farmer’s knowledge on crucial on-farm
safety and hygiene practices, 2) to provide knowledge that may
trigger changes in attitude, subjective norm, and perceived behavioural
control, and 3) to enhance behavioural intention to perform on-farm
practices according to international standards, which is not commonly
reached in emerging dairy chains (Ledo, Hettinga, Kussaga, & Luning,
2020).

3. Materials and methods

3.1.3.1. Slides presentation and group discussions. The slides covered the
four selected safety and hygiene practices (i.e., shed and floor sanitation,
milk cooling and storage, udder and teat care, and personal hygiene).
The slides were prepared in the simple non-technical English language
(Jacob et al., 2010), translated into Swahili, the local language of par
ticipants, and validated by two experts familiar with the content and the
local language. Each presentation session took a maximum of 15 min.
Before each presentation, group discussions by four to five members
enabled the dairy farmers to discuss among themselves the influence of
the selected on-farm practices on milk quality and safety. Each group
elected one person to present their findings to the whole group after
25–30 min of discussion. The group discussions were used to stimulate
collective learning and promote positive intentions towards behaviour
change (Jackson-Davis et al., 2015).

3.1.3. Methods for teaching and learning
We adopted three methods for teaching and learning: 1) slides pre
sentation and group discussions, 2) videos, pictures, and story analysis,
and 3) practical demonstrations. Our choice of methods was based on
studies (Hamilton & Tee, 2016; Molenda, 2003) that had demonstrated
that understanding of individuals improves when teaching involves a
combination of methods with a transition from verbal towards visual
and doing. The content of each teaching method was formulated using a
manual that was developed based on international and regional stan
dards (CAC, 2004; FAO & IDF, 2011; Goopy & Gakige, 2016; Kurwijila,
2006) and covering the four selected safety and hygiene practices. The
methods were implemented using a classroom-style interactive training,
as it enables many participants to engage at the same time at a relatively
limited cost (Dipietro, 2006) with the opportunity to learn at their own
pace and through sharing experiences (Birkenholz, 1999; Johnson et al.,
2008). The training was facilitated by an experienced instructor trained
by the researchers and with whom the participants were familiar
(Duveskog et al., 2011).

3.1. Training design approach
Our approach in designing the training design involved identifying
training needs, defining learning objectives, choosing methods of
teaching and learning, designing the training programme, providing the
actual training, and assessing the effectiveness of the training.
3.1.1. Identification of training needs
Identification of training needs was performed as a starting point for
the design, according to provisions in the food hygiene training model
by Seaman (2010), since it informs trainers about the important needs of
trainees. For our study, we determined the training needs using previous
studies, which differentiated dairy farmers in Tanzania according to the
level eleven on-farm safety and hygiene control practices were per
formed (Ledo et al., 2020a, 2020b). To determine the relevant practices
to focus on for the training, we used the following criteria: 1) the
selected safety and hygiene practices were within the control of the
dairy farmers, 2) they reduce microbial sources, transmission, and
growth on the farm and 3) the implementation does not involve an
additional personal cost to participating dairy farmers. Based on these
criteria, personal hygiene, udder and teat care, milk cooling and storage,
and shed and floor sanitation practices were selected. To determine
whether the selected practices aligned with the needs of the partici
pating farmers, statements were generated related to the selected
practices. The farmers had to rank the importance of the practice as
expressed in each statement on a 5-point Likert scale (i.e., 1 = not
important, 2 = slightly important, 3 = somewhat important, 4 =
important and 5 = very important) (Figure S1, supplementary material).

3.1.3.2. Videos, pictures, and story analysis. Videos, pictures, and stories
were prepared for the four selected practices. The videos were prepared
in Swahili by the researchers using the manager of the Sokoine Uni
versity of Agriculture dairy farm as the instructor. The videos covered
general knowledge and requirements on the health status of the milker
as an important step before milking, the importance of hand hygiene
before and after milking, and appropriate hand washing steps. Other
videos showed udder and teat care practices before and after milking,
milk cooling, and proper handling of milk storage containers. YouTube
videos, produced by the smallholder dairy commercialization pro
gramme (SDCP) and specific for dairy farming in developing countries,
were used to demonstrate shed and floor sanitation practices (see ref
erences for link). These videos were meant to create awareness, on-farm
safety, and hygiene practices (Martin et al., 1999; Mathiasen et al.,
2012).
Furthermore, pictures were used on specific aspects of personal hy
giene, milk cooling and storage, udder and teat care, and shed and floor
sanitation practices, to reinforce knowledge gained through the videos.
These pictures were obtained from different sources such as Google

3.1.2. Defining learning objectives
According to Stacy and Freeman (2016), defining training objectives
clarifies the purpose of teaching and learning, and helps to evaluate the
success of the training intervention after implementation. Seaman
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pictures and the FrieslandCampina dairy development program. Two
stories were written by the researchers to enhance understanding,
trigger group learning, and interaction (Adamson et al., 2006; Banks,
2012). The stories were read out by the facilitator and analyzed by the
participants. After the interaction, the facilitator emphasized the key
learning points from the stories, to reinforce expected behaviour.

the researchers in the same area of the training. On subsequent days, we
performed an assessment of knowledge and a recap of key learning
points of the previous day to start the day, while a summary of key
learning points was provided at the end of each training day. At the end
of the third day, a “bring it all together session” was conducted as
self-reflection for participants to identify collective improvement steps
towards on-farm safety and hygiene practices. After that, we performed
a post-training assessment on knowledge and all the behaviour drivers.

3.1.3.3. Practical demonstrations. Practical demonstration sessions were
included as an active learning experience to create a real-life experience
for the farmers by doing (Grossman et al., 2013; Nicol et al., 2009). All
farmers participated in practical sessions with demonstrations on
appropriate hand washing steps using a handheld ultraviolet (UV) light
and Glogerm gel, the impact of different environmental temperatures on
milk cooling, and strip cup test and teat dipping on the udder and teat
care.

3.1.5. The actual training
3.1.5.1. Selection and characteristics of participants. The training was
implemented in Mvomero and Lushoto districts of Tanzania, which have
been the sites of previous studies conducted by the researchers (Ledo
et al., 2019, 2020a). Farmers were contacted through the village live
stock officers of Manyinga and Wamidakawa in the Mvomero district
and those of Mwangoi and Ngulwi in the Lushoto district. Priority was
given to farmers who participated in the previous studies, while other
farmers were also contacted and accepted to participate once they
demonstrated interest. Moreover, participation in the training was not
linked to any benefits, to remove the influence of the training as a social
pressure on all those invited to participate. Overall, 107 dairy farmers
participated in the training, 35 from Manyinga, 36 from Wamidakawa,
18 from Mwangoi, and 18 from Ngulwi. Most of the farmers were over
40 years, had up to primary level education, were able to read and write,
and had never participated in any training (Table S1, supplementary
material).

3.1.4. Training programme
Fig. 2 shows an overview of the training programme. A three-day
training programme was adopted using one of the teaching and
learning methods for each day, and each method covered all the fourselected safety and hygiene practices. We based this approach on the
premise that consistent communication of food safety messages is
effective in inducing a behaviour change (Chapman et al., 2011; Jacob
et al., 2010). Overall, each day took five and a half hours with three 10
min breaks and one lunch break of 50 min. The first day began with a
pre-assessment of knowledge and all drivers of behaviour. As part of the
first day, we presented the outcome of the previous studies conducted by

Fig. 2. Overview of the training programme.
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Table 1
Analysis of the mean of total knowledge scores of dairy farmers using paired t-test.
Assessments

Mean score ±SD

Pre-training
After day 1
After day 2
Post-training

13.8 ±
16.9 ±
18.0 ±
18.4 ±

Pre-training
T value

4.0
2.1
1.9
2.1

After day 1
Sig.

After day 2

Post-training

T value

Sig.

T value

Sig.

T value

Sig.

− 6.8

0.001

− 10.6
− 3.9

0.001
0.001

− 11.2
− 5.2
− 1.8

0.001
0.001
0.083

3.1.5.2. Organization of the training. We organized the training to
accommodate 17 to 19 participants for each three-day training pro
gramme, resulting in six training sessions overall. Appropriate venues
were identified and booked in advance based on the consideration that
the location was easily accessible for all participants, the size of the
venue was adequate for group interactions, the venue was free from
noise, there was back-up electrical power, and there was a place for
having lunch as a group. These conditions have been advised in multiple
studies (EL Hajjar & Alkhanaizi, 2018; Sanjeevkumar & Yanan, 2011)
that have demonstrated that a conducive training environment posi
tively correlates with training effectiveness. Transport incentives were
provided to each participant to facilitate their prompt access to the
training venue. Additionally, we provided lunch to promote group
interaction and reduce disruption in the training programme. To
encourage ownership of the training, two leaders from among the par
ticipants were selected and assigned the responsibility to generate
ground rules for participants and trainers. These ‘owners’ also commu
nicated important updates to all participants.

to the knowledge gained after day 1 and 2, and post-training. We applied
a Bonferroni correction resulting in a p < 0.0167 level of significance (i.
e., 0.05/3).

3.1.6. Assessing training effectiveness
Salas et al. (2012) stressed that evaluation of training effectiveness is
important, as it verifies whether learning objectives have been attained.
We developed pre- and post-training questionnaires consistent with
previous studies (Lindahl et al., 2018; Medeiros et al., 2011; Soon &
Baines, 2012). We asked questions on the background of each partici
pant (reported in Table 1), knowledge, attitudes, subjective normnorm,
perceived behavioural control, and intentions, all tailored to the selected
safety and hygiene practices. Altogether, we formulated 21 knowledge
questions to assess knowledge covering all selected safety and hygiene
practices. Three answer options of “true”, “false” and “don’t know” were
provided. The option of “don’t know” was included to limit the proba
bility of guessing, as suggested by Soon and Baines (2012). The same
questionnaire was used to assess farmer knowledge before, during, and
after the training. Details of the questionnaires are provided in the
supplementary material. TPB components were assessed, pre- and
post-training, with statements reflecting positive and negative situations
related to personal hygiene, udder and teat care, milk cooling, and
storage, and shed and floor sanitation practices. Attitude, subjective
norm and perceived behavioural control were assessed on a 5-point
Likert scale (i.e., 1 = strongly disagree to 5 = strongly agree) except
for intention to perform safety and hygiene practices, which was
assessed using a scale of 1 = very unlikely to happen to 5 = very likely to
happen.

4.1. Safety and hygiene knowledge level

3.2.2. Analysis of TPB components
We determined the frequencies of responses to TPB components for
safety and hygiene practices. These frequencies were used to demon
strate the changes in behaviour as they transition from the first to last
day of training. To test the predictive ability of attitudes, subjective
norm and perceived behavioural control on the intention to perform the
selected safety and hygiene control practices, we conducted a multiple
linear regression analysis after converting all the negative statements
into positive ones according to the procedure followed by Mullan and
Wong (2009). We applied the simultaneous regression (p < 0.05) since
we did not want to assume which variables could be a better predictor
(Leech et al., 2014).
4. Results

We assessed a total of 107 dairy farmers on their knowledge level
regarding on-farm safety and hygiene control practices pre-training;
after day 1; after day 2; and post-training. Fig. 3 shows the total
knowledge scores obtained by the dairy farmers. Many of the farmers
improved their total knowledge score from pre-to post-training. The
mean total knowledge score of the pre-training knowledge test (13.8 ±
4.0) was significantly different (p < 0.0167) from the mean total score of
all the other subsequent training days.
The total knowledge scores of the dairy farmers, pre-, after day 1 and
2, and post-training were significantly different (Table 1). Only between
day two and post-training, there was no significant difference between
the mean total knowledge scores (p < 0.083 more than 0.0167).
4.2. Components of the theory of planned behaviour
Table 2 shows the proportion of dairy farmers’ response to state
ments measuring TPB components related to personal hygiene practices
pre- and post-training. The proportions of farmers indicating strongly
disagree (1) and strongly agree (5), negative and positive statements,
respectively, increased post-training. At the same time, the proportions
of farmers decreased for disagree (2) and agree (4) for the majority of the

3.2. Data analysis and interpretation
3.2.1. Analysis of safety and hygiene knowledge
Responses were entered in Microsoft Excel and imported into IBM
SPSS statistics version 25 for further analysis. Each correct answer on the
knowledge questionnaire was assigned a one, and an incorrect answer
was assigned a zero. For each participant, the correct scores were
aggregated for the pre-, peri, and post-training knowledge assessments.
The frequencies of similar aggregated scores and the mean scores for the
different knowledge assessments were determined. We performed
paired t-test analyses (p < 0.05) to evaluate the influence of each
teaching and learning method on pre-training knowledge, in comparison

Fig. 3. Total knowledge scores of dairy farmers before, during, and
after training.
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Table 2
The proportion of dairy farmers’ response to statements related to personal
hygiene practices pre- and post-training.
1

2

3

4

5

Pre

1 (0.9)

2 (1.9)

Post

2 (1.9)

1
(0.9)

38
(35.5)
34
(31.8)

65
(60.7)
71
(66.3)

Pre
Post
Pre
Post

38
(35.5)
52
(48.2)

27
(25.2)
27
(25.2)

6
(5.6)
1
(0.9)

17
(15.9)
13
(12.1)

19
(17.7)
14
(13.1)

51
(47.7)
64
(59.8)

31
(29.0)
32
(29.9)

8
(7.5)

7 (6.5)
6 (5.6)

10
(9.3)
5 (4.7)

2 (1.9)

2
(1.9)
1
(0.9)

52
(48.5)
42
(39.2)

51
(47.7)
61
(57.0)

6
(5.6)
1
(0.9)

40
(37.4)
30
(28.0)

57
(53.2)
73
(68.2)

2
(1.9)
2
(1.9)

43
(40.1)
43
(40.1)

51
(47.6)
55
(51.4)

11
(10.2)
1
(0.9)

37
(34.5)
38
(35.5)
51
(47.6)
36
(33.6)

67
(62.6)
65
(60.7)
34
(31.7)
55
(51.4)

Pre
Post

2 (1.9)

1 (0.9)

Pre

3 (2.8)

1 (0.9)

Post

3 (2.8)

Pre

5 (4.7)

6 (6)

Post

4 (3.7)

3 (3)

Pre

1 (0.9)

2 (1.9)

Post

4 (3.7)

People whom I respect
Pre
(i.e., customers) will
disapprove if I do
Post
not stay away from
milking when I am
sick
I am expected of me to
Pre
stay away from
milking when I am
Post
sick
The people I supply
Pre
milk will disapprove
if I don’t wear clean
Post
clothes before
handling milk.
Perceived behavioural control
Washing my hands
Pre
before and after
milking is
Post
completely up to
me.
Not having support
Pre
from others would
make it more
Post
difficult for me to
wash my hands
properly.
It is entirely up to me
Pre
to wash my hands
from dedicated
Post
handwashing
containers.
It is completely up to
Pre
me to stay away
from milking when I
Post
fall sick of

2 (1.9)

9 (8.4)

7 (6.5)

8 (7.5)

5 (4.7)

7 (6.5)

5 (4.7)

2 (1.9)

4 (3.7)
5 (4.7)

10
(9.3)
4 (3.7)

2 (1.9)

1 (0.9)

5
(4.7)
4
(3.7)
1
(0.9)

1 (0.9)

49
(45.7)
43
(40.1)
50
(46.7)
45
(42.1)

41
(38.3)
57
(53.2)
39
(36.4)
52
(48.5)

46
(42.9)
45
(42.1)

58
(54.2)
61
(57.0)

46
(43.0)
58
(54.2)

34
(31.7)
27
(25.2)

4
(3.7)

12
(11.1)
15
(14.0)

11
(10.2)
7 (6.5)

2 (1.9)

3 (2.8)

2 (1.9)

1 (0.9)

2
(1.9)

52
(48.5)
42
(39.2)

48
(44.8)
62
(57.9)

7 (6.5)

4 (3.7)

3 (2.8)

5 (4.7)

2
(1.9)

54
(50.4)
41
(38.3)

40
(37.4)
58
(54.2)

Scalea,b n (%)

Statements

Scalea,b n (%)

Statements
Attitudes
For me to wash my
hands before and
after milking, I
consider it very
important for milk
safety.
For me, following the
proper handwashing
steps is not
important to milk
safety.
For me washing my
hands always in a
particular
container/facility is
not important.
When I fall ill of any
sickness, it is not
important to seek
immediate medical
help.
Milking wearing clean
clothes all the time
is very important for
milk safety.
Subjective norm
My customers whom I
value will
disapprove if I don’t
wash my hands
properly
It is required of me to
wash my hands
before milking

Table 2 (continued )

diarrhoea, cholera
or sneezing.
Not having support
when sick would
make it difficult for
me to stay away
from milking.
It is entirely up to me
to wear clean
clothes all the time
when milking.
Not having support
from government to
acquire protective
clothes would make
it difficult for me to
wear clean
protective clothes
when milking.
Intentions c
I will always wash my
hands before and
after milking.
I will always apply
soap, rub my well,
rinse my hands and
dry them before and
after milking.
I will always wash my
hands from any
handwashing
facility.
I will always continue
milking when I fall
sick of diarrhoea,
cholera or I when I
am sneezing.
I will always wear
clean clothes when
milking.

1

2

3

4

5

16
(15)
27
(25)

27
(25.2)
24
(22.4)

7
(6.5)
3
(2.8)

35
(32.7)
32
(29.9)

22
(20.5)
21
(19.6)

Pre

1 (0.9)

1 (0.9)

Post

1 (0.9)

1 (0.9)

4
(3.7)

Pre

41
(38.3)
56
(52.3)

36
(33.6)
31
(28.9)

12
(11.2)
3
(2.8)

53
(49.5)
48
(44.8)
9 (8.4)

48
(44.8)
57
(53.2)
9 (8.4)

9 (8.4)

8 (7.5)

Pre

7 (6.5)

6 (5.6)

Post

3 (2.8)

Pre

11
(10.2)
3 (2.8)

6
(5.6)

Post

6 (5.6)

31
(28.9)
27
(25.2)
38
(35.5)
31
(28.9)

57
(53.2)
66
(61.6)
54
(50.5)
69
(64.4)

Pre

Pre
Post

Post

5 (4.7)

7
(6.5)
1
(0.9)

4 (3.7)

4 (3.7)

Post

1 (0.9)

1 (0.9)

Pre

60
(56.1)
58
(54.2)

30
(28.0)
35
(32.7)

12
(11.2)
4
(3.7)
9
(8.4)
5
(4.7)

42
(39.2)
40
(37.3)
5 (4.7)

45
(42.1)
61
(57.0)
3 (2.8)

6 (5.6)

3 (2.8)

Pre

5 (4.7)

3 (2.8)

Post

1 (0.9)

8
(7.5)
2
(1.9)

45
(42.1)
40
(37.3)

46
(42.9)
64
(59.8)

Post

a
Bold colour of numbers indicates an increase and italics indicates a decrease
in the proportion of farmers.
b
Likert scale for assessing attitudes, subjective norm and perceived behav
ioural control; 1 = strongly disagree; 2 = disagree; 3 = undecided; 4 = agree; 5
= strongly agree.
c
Likert scale for assessing intentions; 1 = very unlikely to happen; 2 = un
likely to happen; 3 = moderately likely to happen; 4 = likely to happen; 5 = very
likely to happen.

TPB components. For instance, the proportion of farmers who strongly
agree with the attitude statement: “For me to wash my hands before and
after milking, I consider it very important for milk safety” increased from
pre-training (60.7%) to post-training (66.3%), while the proportion of
farmers who agree decreased from pre-training (35.5%) to post-training
(31.8%), indicating that scores move from agree to strongly agree.
Table S2 (Supplementary material) shows the proportion of farmers’
response to statements measuring TPB components related to udder and
teat care practices pre- and post-training. Similar to personal hygiene
practices, there was a remarkable increase in the proportion of farmers
who strongly disagree (1) and strongly agree (5) on negative and posi
tive statements, respectively. Farmers’ responses to statements
measuring TPB components related to the shed and floor sanitation, and
milk cooling and storage practices pre- and post-training, respectively
showed again a change in the proportion of farmers who strongly dis
agreed (1) and strongly agreed (5) on negative and positive statements,
respectively, concerning attitudes, subjective norm and perceived
behavioural control (Tables S.3 and S.4). For example, the proportion of
6
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knowledge score post-training (after the third day) were not signifi
cantly different from the second day (p < 0.083) although the third day
consisted of practical demonstrations. Previous studies have demon
strated that real-life experiences are better methods for food safety and
hygiene training as they provide an opportunity for correction and
reinforcement of behaviours (Grossman et al., 2013; Medeiros et al.,
2011; Nieto-Montenegro et al., 2008). However, because the mean total
score after the second day was already high (18.0 ± 1.9), similar to the
mean total score post-training (18.4 ± 2.1), it does suggest that
demonstration reinforced knowledge already gained in the previous
days of training. We reason that since the practical demonstration was
away from the farm environment, this may have limited the real-life
experience somewhat to increase knowledge further to achieve a sig
nificant difference from the videos, pictures, and story analysis.

farmers who strongly agree with the intention statement related to shed
and floor sanitation practices: “I will always maintain a clean shed before
and after milking,” increased from pre-training (51.4%) to post-training
(69.1%). At the same time, the proportion of farmers that agreed to
the statement decreased from pre-training (34.5%) to post-training
(27.1%) (Table S.3).
4.3. Multiple regression analysis of intention to perform safety and
hygiene practices
Fig. 4 shows the multiple linear regression analysis of the TPB model
for the intention to perform the four selected safety and hygiene prac
tices. The TPB model explained 25% of the variance of the intent to
perform personal hygiene, 18% of the udder and teat care, 10% of the
shed and floor sanitation, and 16% of milk cooling and storage practices.
Different TPB components were significant predictors of intention to
perform different practices. However, the subjective norm was a sig
nificant predictor of intention to perform personal hygiene (p < 0.002),
udder and teat care (p < 0.001), and shed and floor sanitation (p <
0.001) practices. The attitude of farmers was a significant predictor of
intent to perform udder and teat care (p < 0.028), and milk cooling and
storage (p < 0.012) practices. On the other hand, perceived behavioural
control significantly predicted the intent to perform personal hygiene (p
< 0.003) and milk cooling and storage (p < 0.001) practices.

5.2. Remarkable changes in TPB components
We investigated whether the training triggered changes in the atti
tudes, subjective normnorm, perceived behavioural control, and inten
tion concerning personal hygiene, udder and teat care, shed and floor
sanitation, and milk cooling and storage practices. Our results indicate
that the proportion of strongly agree and strongly disagree increased
while the proportion of farmers who agree or disagree with statements
decreased for all safety and hygiene control practices (Tables 2, S2-S4).
This outcome indicates that the knowledge gained throughout the
training triggered a stronger disposition (i.e., attitude), a better
perception of the societal pressure on them (i.e., subjective norm), and
better awareness of the control they possess (i.e., perceived behavioural
control). These findings are similar to Soon and Baines (2012), who
found that fresh produce farmers’ responses improved in the positive
direction on TPB components after training. We observed a negative
health-seeking attitude concerning personal hygiene practices (Table 2),
which was reflected in their strong agreement with the statement (i.e.,
pre-training (47.7%); post-training (57%)): “When I fall ill of any sick
ness, it is not important to seek immediate medical help.” This attitude is
consistent with the findings of both Kunda et al. (2007) and Senkoro
et al. (2015) who found that people in Tanzania are prone to a
self-medication culture rather than seeking immediate professional
health care, which obviously could not be overcome by the training.
Farmers also seem to be more convinced after the training regarding
attitudes, subjective norm, perceived behavioural control, and in
tentions towards performing on cow, udder and teat care (Table S2).
Most farmers improved from pre-training (60.7%) to post-training
(66.3%) in their strong agreement with the perception that it is ex
pected of them to milk from clean cows and udders. They became more
aware post-training (46.7%) compared to pre-training (40%) that their
customers will disapprove if they do not milk from clean cows and ud
ders. This pattern in the subjective norm indicates that the group in
teractions may have triggered a better perception of the expectation of
their customers, as other farmers shared stories of their experience
during the training. The perception of social pressure can be a motivator
to perform udder and teat care practices better. The changes in attitudes,
subjective norm, and perceived behavioural control after the training
towards the regular replacement of teat cleaning cloth, teat dipping, and
milking from clean cows was reflected in the strong positive intention to
perform udder and teat care practices. However, there is no guarantee
these would translate into the actual performance on udder and teat care
practices, since more effort may be required to transition from currently
rudimentary to standard levels (Ledo, Hettinga, Kussaga, & Luning,
2020). Similarly, we observed an increase in the proportion of strongly
agree concerning perceived behavioural control towards maintaining a
clean shed and floor for milking (pre-training (48.5%); post-training
(62.6%)) (Table S.3), along with storing milk in clean and appropriate
containers (i.e., pre-training (42%); post-training (57%)) (Table S.4),
indicating the willingness of farmers to accept responsibility.
Altogether, the changes in the TPB components revealed that not all

5. Discussion
5.1. Improvement in knowledge level and benefit of training methods
This study investigated the development and application of a
behaviour change theory-based training to fill existing knowledge gaps
of farmers concerning on-farm safety and hygiene control practices in an
emerging dairy chain. The results of this study demonstrate that the
level of farmers’ knowledge regarding safety and hygiene control
practices improved from pre-to post-training. The mean total knowledge
score of the pre-training test was significantly lower than the mean total
score of the subsequent days at p < 0.0167 (Table 1). However, there
was a remarkable increase in the mean total knowledge score after the
first day of training (16.9 ± 2.1) compared to the pre-training score
(13.8 ± 4.0). The combination of the slides presentation and group
discussions may have amplified farmers learning and understanding
already on the first day of training. Prislin et al. (1996) found that
learning improved when slides presentation was used during training
sessions. Because there is evidence that only 5% of information is
retained with lectures using slides presentation alone (Wallace et al.,
2018), the combination with group discussions may have created an
interactive environment for knowledge sharing (Sherson et al., 2002)
which together contributed to the increase in the mean score. The in
crease in the mean total knowledge score after the second day of training
using the videos, pictures and story analysis, suggests amplification of
knowledge further beyond the first day of using slides presentation and
group discussions. The offering of key messages in the form of videos,
pictures, and story analysis may have already helped to capture the
interest and attention of participants for better comprehension after the
first day of training. Our finding is consistent with Soon and Baines
(2012) who found that fresh produce farmers’ knowledge improved
after a tailored training programme involving slides presentation, You
Tube videos, and practical demonstration. According to Rhoades and
Ellis (2010), visuals in the form of videos and pictures have a strong
effect on creating interest and attention in communicating food safety
messages. Also, stories capture the imagination, places an individual at
its centre, and creates an experience that makes understanding personal
beyond just passing on information (Adamson et al., 2006). Thus, the
combination of videos, pictures, and story analysis made a significant
impact on learning and knowledge gained by participants.
The current study also revealed that differences in mean total
7
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Fig. 4. Multiple linear regression analysis of behaviour components related to the intention to perform on-farm safety and hygiene control practices *Significance at p = 0.05; Personal hygiene: p (subjective norm) <
0.002; p (perceived behavioural control) < 0.003; Udder and teat care: p (attitude) < 0.028; p (subjective norm) < 0.001; Shed and floor sanitation: p (subjective norm) < 0.001; Milk cooling and storage: p
(attitude) < 0.012; p (perceived behavioural control) < 0.001.
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other hand, a study by Mekonnen et al. (2017) of dairy farmers in
Ethiopia found that intention to perform udder cleaning and other
preventive mastitis control measures was positively associated with the
societal pressure dairy farmers felt, which agrees with our study. Thus,
the type of dairy chain, developed versus emerging, may explain the
differences observed between Dutch farmers, where perceived behav
ioural control was significant in the udder and teat care compared to
farmers in Tanzania and Ethiopia, where subjective norm was much
more important.
Only subjective norm (β = 0.34, p < 0.001) significantly predicted
the intention to perform shed and floor sanitation. This outcome implies
that dairy farmers are influenced by the societal pressure they perceived
on their actions to clean the shed and use appropriate floor cleaning
equipment. The attitude was not a significant predictor, but there was a
positive relationship between attitude and intent to maintain shed and
floor sanitation. A review by Dufour et al. (2011) found that regular
cleaning of the milking parlour influenced udder health and somatic cell
count. Therefore, attitudes and norm which support proper cleanliness
of the shed and floor are important for udder health. Furthermore,
attitude (β = 0.24, p < 0.012) and perceived behavioural control (β =
0.34, p < 0.001) significantly predicted the intention to perform milk
cooling and storage practices. Because milk cooling and storage is
dependent on the availability of cooling and storage facilities, as well as
the willingness to perform cleaning of equipment, these may have
accounted for the predictive influence of attitudes and perceived
behavioural control. These findings indicate that dairy farmers’ inten
tion to store milk in appropriate containers, perform proper cooling in
clean storage containers, is dependent on their disposition and percep
tion of hindrances. Improvement in milk cooling and storage practices
would require more than knowledge and support for farmers in
acquiring appropriate milk containers can further improve performance.

the farmers had a positive intention to improve on their safety and hy
giene practices despite the training intervention. It does suggest that a
one-off training may not be enough to trigger farmers to have a positive
intention toward the better performance of these practices, particularly
because the majority of the farmers have only primary school education
and more than half were over 40 years. These factors can influence
attention span which could limit farmers’ ability to readily remember
what they were taught. Thus, continuous refresher training is necessary
to reinforce knowledge and stimulate positive intentions which subse
quently could translate into actual practices.
5.3. Predictive factors associated with intention to perform safety and
hygiene practices
Our results demonstrate that the different TPB components (i.e.,
attitudes, subjective norm, and perceived behavioural control) signifi
cantly predict the intention to perform on most of the practices (Fig. 4).
However, the subjective norm was the most consistent predictor of
intent to perform personal hygiene (β = 0.30, p < 0.002), udder and teat
care (β = 0.36, p < 0.001), and shed and floor sanitation practices (β =
0.34, p < 0.001). The communal and group loyalty dependence of
farmers in Tanzania can explain the dominant predictive influence of
subjective norm on the intention to perform on safety and hygiene
control practices (Nyarugwe et al., 2020; Olausson et al., 2009), which
links with the culture of collectivism. Hofstede (2011) posits that in a
collective culture, strong, loyal relationships among members dominate
and the responsibility for the well-being of others in the group is shared,
which exerts societal pressure in decision making. Dairy farmers’
intention to perform on the majority of the selected on-farm safety and
hygiene control practices in Tanzania and possibly in similar settings,
seems to be embedded in the societal pressure felt. Thus, a useful way to
take advantage of the predictive influence of the subjective norm would
be to initiate consumer/customer education intervention campaigns
regarding the link between standard on-farm practices and milk safety.
Consequently, the ensuing consumer/customer awareness could create
social pressure on the farmers to perform safety and hygiene practices at
a more advanced level, to minimize the risk of poor milk safety outcomes
for society.
Subjective norm and perceived behavioural control were significant
predictors of intention to perform personal hygiene practices (Fig. 4).
Although attitudes and perceived behavioural control have been previ
ously reported as significant predictors of food handling practices
(Armitage & Conner, 2001; Múnera-Bedoya et al., 2017; Shapiro et al.,
2011), our study partly found otherwise. Our findings do, however,
agree with Mullan and Wong (2009), where normative influencers were
strong predictors of food handling practices, and with Soon and Baines
(2012), where farmers’ intention to perform handwashing was depen
dent on the perception of the control they possessed. Thus, for dairy
farmers in Tanzania, the intention to perform handwashing, taking
appropriate health status measures, and wearing clean clothes during
milking would happen when they perceive significant others will
approve of their actions.
Similarly, attitude (β = 0.20, p < 0.028) and subjective norm (β =
0.36, p < 0.001) significantly predicted the intention to perform udder
and teat care in our study. This result is consistent with Jansen et al.
(2009), who reported that farmers’ attitudes significantly determined
the performance on preventive measures such as udder cleaning and teat
dipping. Nevertheless, our findings are contrary to the conclusion of
Jansen et al. (2009) that farmers’ perceived lack of control was a sig
nificant factor in udder health management. This difference may origi
nate from the fact that these authors studied Dutch farmers, where the
difficulty of udder cleanliness in automatic milking systems is reported
as a barrier to effective udder health management (Dohmen et al., 2010;
Hovinen & Pyörälä, 2011). A sense of control may be needed to perform
these measures much more by Dutch farmers than farmers in Tanzania
and other emerging chains, where such barriers may be absent. On the

5.4. Recommendations for further research
A limitation of this study in applying the TPB was the inability to
perform an extensive longitudinal study of the implication of the
training on actual practice performance. Further research is needed to
investigate how knowledge and its triggers on underlying behaviour
drivers, such as attitudes, subjective norm, and perceived behavioural
control, translate into their execution of actual practices. Also, economic
and other drivers may be assessed in such follow-up, as these factors may
also relate to the translation of intentions to actual practices. This
further study can be compared with outcomes from other countries to
investigate the differences in the influence of the subjective norm on
safety and hygiene control practices. Besides, the usefulness of refresher
training to reinforce changes in intentions and actual execution of
practices should be included as part of this follow-up. Finally, investi
gating whether the changes in the execution of actual practices lead to
better milk safety is required.
6. Conclusions
The findings in this study demonstrate that by using tailored teach
ing and learning methods to deliver a TPB-based training intervention,
the knowledge level of dairy farmers improved significantly measuring
between pre- and post-training. The improved knowledge triggered
changes in the behaviour drivers of specific on-farm safety and hygiene
control practices. Videos, pictures, and story analysis improved mean
total knowledge scores levels, while practical demonstrations seem to
reinforce the knowledge gained. Also, the TPB model explained the
predictive influence of attitudes, subjective normnorm, and perceived
behavioural control on the intention to perform on-farm safety and
hygiene practices. Overall, the subjective norm was a significant pre
dictor of intention to execute the majority of the on-farm safety and
hygiene control practices. This outcome suggests that dairy farmers are
more likely to perform personal hygiene, udder, and teat, and shed and
9
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assistant) for assisting with the assessments and training organization.

floor sanitation practices when customers and other people they work
with will approve or disapprove of their actions. Also, the farmers’
attitude was a significant predictor of intention to perform udder and
teat care, and milk cooling and storage practices, while perceived
behavioural control significantly predicted the intention to perform
personal hygiene and milk cooling and storage practices. Therefore,
consideration of subjective norm in designing interventions in societies
like Tanzania, where the culture of loyalty to a group and collective
dependence dominates, as well as attitudes and perceived behavioural
control related to specific on-farm safety and hygiene practices, is very
important. The findings provide valuable inputs to design effective ap
proaches on how to support dairy farmers perform better on-farm safety
and hygiene practices in emerging dairy chains.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.foodcont.2021.107918.
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