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New food processing technologies are continuously being introduced in the food industry due to the potential
benefits such as longer product shelf life, convenience, sensory appeal, and nutritional superiority. Despite their
potential benefits, consumers’ perceptions and attitudes towards food processing technologies remain a complex
phenomenon as consumers tend to take a more conservative stance concerning novel food processing technolo-
gies. This paper applied the Food Technology Neophobia Scale(FTNS) to assess the influence of food technology
neophobia, and socio-economic factors on the consumption of processed milk products. Data was collected from
400 milk consumers in northern Uganda using structured questionnaires. Analysis was done in SPSS version 21,
and binary logistic regression. Results show that milk consumers in northern Uganda are characterized by a high
degree of food technology neophobia towards processed milk products (FTNS score of 62). Education(p=0.04),
income(p=0.08), risk perception(p=0.00), healthy choice(p=0.06) and media role (p=0.00) were the major fac-
tors that influenced the consumption of processed milk products. The paper concludes that Food technology
neophobia, food culture and tradition are the most important factors in the success of foods produced by novel

technologies.

1. Introduction

New food processing technologies are continuously being introduced
in the food industry due to their potential benefits such as longer prod-
uct shelf life, convenience, sensory appeal, and nutritional superior-
ity (Frewer et al. 2011). Despite the benefits of such technologies,
consumers’ perceptions and attitudes towards food processing tech-
nologies remain a complex phenomenon as consumers tend to take a
more conservative stance concerning novel food processing technologies
(Siegrist 2008; McKenzie, Metcalf, and Saliba 2021). Whereas it is gener-
ally believed that food processing technologies provide an opportunity
for innovations in the agri-food sector, not all technologies are read-
ily accepted by consumers. This is particularly so in situations where
consumers are unsure of the risks associated with applications of such
technologies in food production and processing (Rollin et al., 2011);
(Chen 2008; Siegrist 2008); and (Frewer et al. 2011). Consequently, the
success of any new product will largely depend on consumers’ behav-
ioral responses to its processing technology (Chen, Anders, & An, 2013).

To measure consumers’ behavioral response to novel food process-
ing technologies, a psychometric tool, the Food Technology Neopho-

* Corresponding author.

bia Scale (FTNS) was developed (Cox and Evans 2008). The FTNS has
been proven to be a good measure of the level of consumers’ neopho-
bia towards foods processed using novel technologies. For instance,
(Martins et al. 2019) found that food technology neophobia moderated
consumers’ perceptions of processed juice amongst Brazilian consumers;
(De Steur, Odongo, and Gellynck 2016) found that Ugandan consumers
had a high degree of food technology neophobia towards processed Ma-
tooke flour; and (Martins and Pliner 2012) found that food technology
neophobia was a significant factor in determining consumers’ percep-
tion towards foods produced by nanotechnology in Canada.

Although the FTNS is a valid and reliable measure of food technology
neophobia (Cox and Evans 2008; Evans et al. 2010; Martins and Pliner
2012; Verneau et al. 2014b; Verneau et al. 2014a), it is important to ap-
preciate that variations in consumers’ location, technology, culture and
the food in question may affect their acceptance and/or rejection of par-
ticular food products (Frewer et al. 2014); (Ronteltap et al. 2007). These
contextual variations do not allow for a blanket application of the FTNS
results from previous studies and contexts, hence a need for validation
of the FTNS in different contexts. Further, existing literature on the ap-
plication of FTNS is largely based on studies conducted in developed
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countries, such as Brazil (Martins et al. 2019), Australia (Chen, Anders,
& An, 2013; Martins and Pliner 2012), Canada (Coppola et al. 2014;
Verneau et al. 2014b) and Italy ( Coppola et al. 2014). Only a few stud-
ies such as (De Steur et al. 2016) have focused applying the FTNS in
developing country contexts. Additionally, most of the previous FTNS
studies have dealt with food packaging related technologies such as nan-
otechnology, rather than the products produced by such technologies.
Therefore, there is a need to conduct more studies on the applicability
of the FTNS on food products produced by novel technologies.

Milk is a highly perishable product and its shelf-life largely depends
on immediate processing and preservation (Sahu and Bala 2017). Much
as milk processing and preservation technologies such as hydrostatic
pressure technology, pulsed electric field technology, ultra-high tem-
perature and cold pasteurization(Sonne et al. 2012) is old and known to
most the world, milk consumers in northern Uganda still exhibit a high
preference for unprocessed and/or locally processed milk products. It
has been suggested that the observed preference for unprocessed and/or
locally processed milk products is a result of consumers’ fear for pro-
cessed milk products. However, there is limited scientific evidence to
back up these claims. It is therefore important to investigate and under-
stand the neophobia/neophilia factors that underlines the observed milk
consumption behavior of consumers in Northern Uganda. Using, Ultra-
high temperature(UHT) milk, and pasteurized milk processing technolo-
gies, this paper applied the FTNS to assess the influence of food tech-
nology neophobia, and socio-economic factors on the consumption of
processed milk products. The main hypothesis underlying this study is
to establish whether the observed preference for unprocessed and/or
locally processed milk products is a consequence of consumers’ fear for
processed milk products.

2. Materials and methods
2.1. Study area

The study was conducted amongst milk consumers in two North-
ern Ugandan districts of Gulu and Lira. Northern Uganda was purpo-
sively chosen because it has one of the lowest per capita milk con-
sumption in Uganda. At 62 liters per capita (Balikowa 2011), milk con-
ception in northern Uganda is below the World Health Organization
(WHO) recommended minimum per capita consumption of 200 liters
(Walther, Wechsler, Schlegel, & Haldimann, 2018). The low demand for
processed milk products has translated into only 33% of milk produced
in the region being processed, while up to 60% is sold and consumed as
raw milk (Achan, 2018). While consumption of raw unprocessed milk
might present a ready market for locally produced milk, unprocessed
milk possess several risks to consumers. These risk could arise from milk
contamination during milking and transportation, presence of zoonotic
diseases such as brucellosis. To the producers, selling of raw milk im-
plies a shorter shelf life and low market value. Specifically, the study
targeted milk consumers within urban and peri-urban areas of Gulu and
Lira cities. Urban and peri-urban milk consumers were purposively tar-
geted because they have access and can afford processed milk products.
They therefore present the best potential markets for processed milk
products.

2.2. Sampling and data collection methods

Primary data was collected through face-to-face interviews using
pre-tested, structured questionnaires between September and October
2018. The research instrument was pre-tested in the Gulu City with a
community surrounding Gulu University to ensure its validity and re-
liability. Fully trained research assistants were deployed to administer
the questionnaires. Before administering the questionnaire, respondents
were briefed on the nature and context of the study. Even though all
respondents knew what processed milk products are, each enumerator
carried a picture of UHT and pasteurized milk products to show to the
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respondents. A multi-stage sampling technique was employed to select
study respondents. The two cities of Lira and Gulu were purposively
selected because they possess the highest potential for packed milk con-
sumption. From each city, 50 households were randomly selected from
each of the four divisions in Lira and Gulu respectively, giving a total
sample size of 400 respondents.

The sample size was determined using a simple random sample equa-
tion for infinite populations (N >10,000) according to (Naing, Winn, and
Rusli 2006). This sample size determination approach was adopted be-
cause the population in the study area was above the threshold value of
10,000 (Lira district: 410,516; Gulu: 443,273) (Bureau.Statistics 2017).
The simple random sample equation is presented in equation 1.

Z2P(1 — P)
n= —b2

Where n= sample size

Z = z statistics for level of confidence @ 95% = 1.96

P = expected prevalence or proportion of milk consumers = 40%
b = precision @ 5% = 0.05
(1.96)* 0.5(1 - 0.5) _

(0.05)?

Accordingly, the study obtained the largest possible sample size with
a fixed sampling error and reliability.

Primary data was collected on consumer socio-economic character-
istics such as age, marital status, income levels, education levels, con-
sumption frequency, distance to the market, gender, occupation, and
household size. Food technology neophobia was measured using the 13-
items FTNS (Cox and Evans 2008). The FTNS statements were measured
on a 5- point Likert scale (i.e., 1=strongly degree; 5=strongly agree).

1

Sample size calculation n = 400

2.4. Data analysis

Data was evaluated and checked for response errors and complete-
ness. Complete data sets were coded and entered in the Statistical Pack-
age for Social Scientists (SPSS) version 21. Socio-economic characteris-
tics were analyzed using frequencies and percentages. Multicollinearity
was assessed using the Variance Inflation Factor (VIF); with the VIF for
each factor was less than 10, indicating good variance of coefficient in
the data set.

2.4.1. Exploratory Factor Analysis (EFA)

Exploratory Factor Analysis (EFA) was used to assess the consumers
level of food technology neophobia basing on the 13-item FTNS state-
ments (De Steur et al. 2016). The EFA was deemed appropriate because
there were at least ten times as many respondents for every variable and
the absolute sample size was greater than 100 (De Steur et al. 2016). Ex-
ploratory Factor analysis (EFA) was conducted using Principal Compo-
nent Analysis (PCA) with varimax rotation to determine the most appro-
priate factor solutions. This was followed by a confirmatory factor anal-
ysis (CFA) to establish the most appropriate factor solutions. To justify
the development of a composite variable for each of the factors, Cron-
bach’s alpha internal consistency test was performed on the derived EFA
factors.

2.4.2. Binary logistic regression

To assess the influence of socio-economic and food technology neo-
phobia factors on the consumption of processed milk products, a binary
logistic regression was estimated. A binary logistic model is considered
appropriate where the dependent variable is categorical with two cat-
egories. In this case, packed milk consumption was measured in two
categories i.e. 1= consumed, O=otherwise.

The binary logistic regression model is presented as:

MC=p0-—n+p1X1-Xn+60—-n+6X1—-Xn+u 2)

Where: MC is processed milk consumption; Xn is a vector of inde-
pendent variables including socio-economic factors and FTNS factors
(Table 1).
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Table 1
Determinants of packed milk consumption.
Variables Description Expected sign  Source
Socio-demographic
X, = Age Age in complete years +/- Ayyaz et al. (2011); Verbeke (2005)
X, = Sex Sex of respondents +/- Boer, (2016)
X3 = Income Average monthly income +/- (De Steur, Odongo, & Gellynck, 2016; Rollin et al, 2011)
X, = Marital status Marital status +/- Barrena & Sanchez, 2013)
X5 = Education level Years spent in school +/- Kaya, (2016); Kikulwe, (2011)
X = Household size Number of people in a household +/- De Steur et al. (2016); Binninger, (2015)
X, = Distance Distance to nearest market +/- De Steur et al. (2016)

Food technology neophobia factors
X, = Risk perception

X,= Media role

X3 = Necessity

X,= Healthiness

Usefulness of technologies
Health consciousness of consumers

Risks associated with packed milk technology  +/-
Role of media in packed milk consumption

De Steur, et al.(2016); Verneau, (2014)

+/- Coppola, et al., (2014); De Steur et al. (2016)
+/- Vidigal et al,, (2015); (Sodano et al (2015)

- Siegrist, 2008); Vukasovi¢, (2016)

Table 2
Socio-demographic characteristics (n=400).

Characteristics Categories % Percentage
Sex Male 39.0
Female 61.0
Marital status Married 60.7
Unmarried 39.2
Age? <20 years 12.7
21-25 years 27.1
26-30 years 22.9
>30 years 37.3
Occupation Self-business 52.4
Private employees 41.7
Gov’t employees 5.8
Education level None 3.7
Primary 33.9
Secondary 41.5
Tertiary 21.0
Income level Per-Month <100,000 42.2
100,001-200,000 23.9
200,001-500,000 24.6
500,001-1000,000 6.6
>1000,000 2.7

Household size

The average number of people living in the household 5.2

Market Distance Average distance to the market 1

Packed milk consumption Never 33.2
Consumed 66.8

Packed milk Consumption Frequency =~ Never 33.2
Once 15.1
Twice 14.1
2-3times 14.4
>3times 23.2

3. Results
3.1. Socio-demographic characteristics

Majority (61%) of milk consumers were female, married, and within
the age bracket of 30 years. Most (51%) of them were mainly engaged
in self-businesses and earned UgShs 100,000 (about US$ 28) per month.
The average household size was 5 persons and the average market dis-
tance traveled was 1 kilometer. About 33% of participants had never
consumed processed milk products, while 23% consumed processed
milk more than three times a week. In terms of education, close to 89%
of the participants had some formal level of education (Table 2).

3.2. Food technology neophobia

3.2.1. Exploratory Factor Analysis (EFA)
An Exploratory Factor Analysis (EFA) with principal component
analysis (PCA) and varimax rotation was conducted on the 13-item

FTNS statements to obtain appropriate factor solutions. Prior to conduct-
ing the EFA, four food technology neophobia scale questions (Q3, Q5,
Q7, and Q12) were reversed scored. Results of the Kaiser-Meyer-Olkin
test (KMO=0.755) and Bartlett’s Sphericity test (y? =464.264, p<0.001)
showed the adequacy of the sample for factor analysis. Cronbach’s alpha
test of internal consistency was 0.64, indicating good internal reliability
(Gliem and Gliem 2003). The PCA with varimax rotation explained 50%
of the total variation in the data (Table 3).

Based on the EFA, the FTNS factors was categorized into four com-
ponents. The first component explained 22% of the total variance, is
related to consumers’ ‘perceived risks’ of foods produced by new food
technologies. It is comprised of four statements (items 1, 3, 5, 7) such
as ‘There are plenty of foods around so we don’t need to use new food tech-
nologies to produce more processed milk products. The second component,
explained 10% variation and relates to confidence in the role of media
(items 2, 13). It contained statements such as ‘the benefits of new food
technologies are often grossly overstated’. The third component, which ex-
plained 10% of the total variance, relates to perception that ‘new food
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Table 3
Factor loadings for the FTNS.
FTNS items Mean SD F1 F2 F3 F4
1.There are plenty of tasty foods around so we don’t need to use new food technologies to produce more 3 2 0.589
2. New food technologies increases the natural quality of food® 3 2 0.702
3. New food are healthier than traditional foods® 3 2 0.761
4. Society should depend heavily on technologies to solve its food problems ® 3 2 0.535
5. The benefits of new food technologies are often grossly overstated 4 1 0.750
6. The media usually provides a balanced and unbiased view of new food technologies® 3 2 0.747
7. There is no sense trying out high-tech products because the ones I eat are already good enough 3 1 0.715
8. It can be risky to switch to new food technologies too quickly 3 1 0.639
9. New food technologies is something I am uncertain about 3 1 0.408
10. New food technologies may have long term negative environmental effects 4 1 0.717
11. New food technologies are unlikely to have long term negative health effects® 3 2 0.658
Percentage variance explained (50%) 22
Cronbach’s Alpha internal consistency 0.64
Measure of Sampling Adequacy (KMO) 0.76
Bartlett’s test of Sphericity 464.26
FTNS Overall Score on the Food Technology Neophobia Scale 3(62)

Note: F1= Perception of risk; F2= Media role/information; F3= New food technologies are unnecessary; F4= Healthy choice.

R Means the items were reversed scored.

Table 4

Effect of socio-economic and FTNS factors on consumption of processed milk (n=400).
Variable B SE Wald Sig Exp(B) Marginal effects dy/dx (Standard Errors)
Socio-demographic factors
Sex (1= male) -0.231 0.253 0.962 0.327 0.780 -0.079 (0.053)
Age -5.240 3.809 1.893 0.169 0.005 -0.164 (0.176)
Marital status (1 =married) -0.203 0.441 0.211 0.646 0.817 -0.017 (0.089)
Household size 0.666 0.428 2.421 0.120 1.946 0.151 (0.097)
Education level -0.891 0.441 4.081 0.043* 0.410 -0.012* (0.034)
Employment (1= employed) -0.280 0.478 0.343 0.558 0.755 -0.006 (0.099)
Income 0.208 0.120 2.999 0.083* 1.232 0.000* (0.000)
Distance to market -0.235 0.252 0.869 0.351 0.791 -0.045 (0.055)
FTNS factors
F1 Risks perception -0.433 0.110 15.489 0.000*** 0.649 -0.095***(0.023)
F2 Media role 0.448 0.131 11.697 0.001** 1.565 0.099**(0.028)
F3 New food technologies 0.066 0.113 0.338 0.561 1.068 0.018 (0.254)
F4 Healthy choice -0.301 0.161 3.505 0.061* 0.740 -0.051* (0.034)
Constant 6.357 4.389 2.098 0.148 576.390
LR X2 (12) 40.310
Prob >X? 0.0003
Pseudo R? 0.2771
Log Likelihood -240.413

Note: the dependent variable is a dummy variable: 0, not consuming packed milk; 1 consuming packed milk

#x%, +%,  Significant at the 1%, 5% and 10% level.

technologies are unnecessary (items 4 & 9). This category has statements
such as “There is no sense trying out high-tech food products because the ones
I eat are already good enough’. The fourth component, which explained
8% of the total variance and relates to ‘healthy choice motives’ con-
cerning foods produced by new food technology (items 6, 8, and 10).
It contains items such as ‘New food technologies is something I am uncer-
tain about’. and ‘new food technologies can help people have a balanced diet
and food processing technologies do not give people more control over their
choices’. Q11 and Q12 on the original 13-item FTNS statements were
eliminated as they had lower factor loadings (<0.4).

The overall FTNS score for the entire sample were 3.11 (62.2 when
expressed as a percentage) which is above the midpoint (Table 3), sug-
gesting that northern Ugandan consumers had a higher degree of food
technology neophobia towards packed milk products.

3.3. Influence of socio-economic & FTNS factors on processed milk
consumption

To understand the influence of socio-economic and FTNS factors on
consumers’ decisions to consume processed milk products, a binary lo-
gistic regression model was estimated. The model included the four ex-

tracted FTNS factors and the socio-economic variables as independent
variables. The estimated model had a X? value of 40.31 (p< 0.003); a
log-likelihood values of 240; the Pseudo R? value of 0.08 suggesting
that the estimated model was appropriate in predicting processed milk
consumption.

Results indicate that the probability of consuming processed milk
products was positively influenced by income level (p<0.083), sug-
gesting that consumers with more income were more likely to pur-
chase processed milk products; and negatively influenced by educa-
tion (P<0.043), suggesting that educated consumers were less likely
to consume processed milk products. For FTNS factors, perceived risks
(P<0.000), and healthy choice (P<0.061) negatively influenced con-
sumers’ preference of processed milk products, while media role posi-
tively influenced consumer preference towards processed milk products
(P<0.001) (Table 5).

4. Discussions

The study found that milk consumers in Northern Uganda pro-
cessed a high degree of food technology neophobia towards processed
milk products. Risks perceptions, media role, and healthiness percep-
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tion were the major FTNS factors determining the consumption of pro-
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food products (Allen, Goddard, and Farmer 2018). The other plausible
explanation is based on the conservative food habits of the population.
As such, whether one is educated or not, they tend to want to main-
tain what they perceive as healthy in their tradition. Consequently, con-
sumers might be reluctant to shift towards processed milk consumption
(Barrena and Sanchez 2013).

The positive effect of income on consumption of processed milk prod-
ucts suggests that consumers with higher incomes were most likely to
purchase processed milk products. This result can be explained by the
fact that processed and packed milk products are more expensive com-
pared to unpacked/locally processed milk. As such, only consumers with
higher disposable income can afford these processed milk products. This
result concurs with the previous studies such as (Chen, Anders, and An
2013) who found that income was a key determinant of consumers’ as-
sessment of products produced by novel processing technologies; () who
found that income played an important role in determining the accep-
tance and consumption of processed Matooke; and (Hung, de Kok, and
Verbeke 2016; Hur and Jang 2015); (Jezewska-Zychowicz and Krélak
2015); (Schnettler et al., 2015) who found that income was a personal
factor associated with positive consumer behavior towards functional
foods such as dairy products.

The positive influence of media role could be because consumers had
trust in the quality of media information provided concerning processed
milk products. Specifically, consumers perceived that media provided
balanced and unbiased information regarding packed milk products.
The positive influence of the media is important for negating the neg-
ative influence of the perception of educated consumers that new food
technologies and products can have negative health effects. This implies
that aggressive investment in media promotion can lead to increased
consumption of processed milk products. The significance of the media
in influencing consumer choices is well illustrated by previous studies
such as (Caracciolo, F Coppola, A & Verneau 2011; Cattaneo et al. 2019;
Coppola et al. 2014; Verneau et al. 2014a), which provided insights
into the effect that consumers’ trust in media could stimulate consumer
perceptions towards of food products produced by novel technologies.
Therefore, to capitalize on the positive effects of the media, persua-
sive information needs to be provided to consumers through various
approaches including television, radio stations, local newspapers, trade
shows, and banners.

5. Conclusions

This paper assessed the level of food technology neophobia amongst
milk consumers in northern Uganda using the food technology neo-
phobia scale. Further, the paper assess how FTNS and socio-economic
factors influence the consumption of processed milk products. The pa-
per finds a high level of food technology neophobia amongst milk con-
sumers, with risk perception, healthy choice, and media role as the ma-
jor food technology factors. Consumer’s income and education levels
were the important socio-economic factors influencing the consumption
of processed milk products. results of this have implication for the suc-
cess of novel food processing technologies as their update maybe hin-
dered by high levels of food technology neophobia amongst consumers.
Besides food technology neophobia, we observe that culture and tradi-
tion play a critical role in influencing consumer choice when it comes to
foods produced by novel processing technologies. The paper concludes
that food technology neophobia, food culture and tradition are the most
important factors in the success of food products produced by novel pro-
cessing technologies.

A major contribution of this study lies in applying the FTNS to con-
sumption of processed milk products in a developing country context,
a setting where literature on the subject is scarce, yet very relevant in
agribusiness value chain development. Promotion of new food process-
ing technology should take into account the consumers socio-cultural
contexts, as this has an influence on the food products arising from such
technologies. Of particular interest is the food culture in most devel-
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oping countries, where local processes are preferred over new(foreign)
technologies. Results of this study therefore presents valuable informa-
tion to the government and food industries in developing countries in
promotion of value addition and value chain development. Its suggest
that effective promotion of food processing technologies should take
into account the local food culture and tradition of the target consumers.

Despite its relevance, some limitations of the study are worth noting.
First, the study only focused on milk consumers in and around central
business districts of Gulu and Lira cities, leaving out rural areas. Future
studies could compare both rural and urban area to establish any poten-
tial variations in food technology neophobia. Second, the study looked
at processed milk products in general, without differentiating the differ-
ent processed products such as yoghurt, UHT, pasteurized, and cheese.
Such a differentiation could reveal hidden neophobia/neophilia factors
for specific processed milk products. Future research could therefore fo-
cus on assessing consumer preference for different milk processed milk
products to establish potential variations in food technology neophobia
and its influence on processed milk products consumption.
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