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Abstract

The growing concerns on the transfer of diseases from animal sources as well as limited
sources of marine life to produce collagen led to the present study which aims to provide an
alternative source to the available collagen market and to analyze the acceptance level of
consumers on this new product of collagen. The technology acceptance level is evaluated
among consumers on the new product introduced using recombinant collagen-like protein as
its source. Using cross-sectional data, a total of valid questionnaires was collected to validate
the proposed hypothesis within Technology Acceptance Model (TAM) by using the Partial
Least Square (PLS) path modeling approach (a variance-based SEM technique). The results
show a direct positive and significant relations between perceived usefulness and attitude
toward, perceive ease of use and attitude toward, and attitude toward and behavioral intention
of using the product sourced from recombinant collagen-like protein.
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Introduction

The sources of collagen and gelatin are recently being questioned by consumers due to a
growing concern regarding the transfer of diseases from animal sources and the limited sources
from marine animals. Collagen mainly exists in all connective tissues that includes the skin,
bone, cartilage, tendon and blood vessels of animals (Aberoumand, 2012; Huo & Zhao, 2009;
Liu et al., 2012). Collagen has been extracted from the skin and bones of some vertebrate
species, such as bovine and swine. These sources have nonetheless, been restricted due to the
outbreaks of bovine spongio form encephalopathy, foot and mouth disease, autoimmune and
allergic reactions (Liu et al., 2007; Liu et al., 2012). Collagens from marine life origin or fish-
based collagen (Fadzlillah et al., 2011; Riaz & Chaudry, 2004) have also been widely produced
in the industry. These collagens are extracted from fish, sponges, jellyfish (Liu et al., 2007;
Parenteau-Bareil et al., 2010) and sea cucumber (Abedin et al., 2013; Zhou et al., 2015).
Nevertheless, the depletion of important marine sources isa serious concern due to the current
uncontrolled reckless acts of some producers. Thus, the present study attempts to provide an
alternative source of collagen namely, recombinant collagen-like protein, which could be
widely accepted by consumers and provide sustainable production that preserves the
environment and biodiversity, namely, recombinant collagen-like protein.

Studying the acceptance level of this new technology of developing recombinant collagen-like
protein for collagen products among stakeholders is important to test the marketability of the
products. There have been substantial studies with regards to acceptance level in other areas.
Many academic researches focused on examining the determinants of technology acceptance
and the utilization among users. Among different models that have been proposed, the
technology acceptance model (TAM) (Davis, 1989; Dauvis et al., 1989) which is adapted from
the theory of reasoned action (TRA) (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975) appears
to be the most widely accepted among researchers. The reason for its popularity is perhaps
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because of its parsimony and the wealth of recent empirical support for it (Agarwal & Prasad,
2007). According to the TAM, adoption behavior is determined by the intention to use a
particular system, which in turn is determined by the ‘perceived usefulness’ and ‘perceived
ease of use’ of the system or technology. Perceived Usefulness (PU) is defined as “the degree
to which an individual believes that using a particular system would enhance his or her
productivity” (Davis, 1989). Meanwhile, Perceived Ease of Use (PEU) is defined as “the degree
an individual believes that using a particular system would be free of effort” (Davis, 1989).
Thus, the current study aims to obtain insight on the acceptance level of consumers on the new
product introduced using recombinant collagen-like protein as its source. The ability to
evaluate the degree of acceptance among stakeholders will enable us to recommend the relevant
policies and forecast potential marketability as well as profitability of the product in the future.
To our knowledge, no previous research has adopted TAM in the study of acceptance level
using recombinant collagen-like protein as the source of collagen, particularly in Malaysia.
Thus, the current study is perceived to be an additional literature that could integrate TAM in
this new technology of producing collagen which is very important in cosmetic and health
industries.

Literature Review

Previous studies have commonly used acceptance models such as the Technological
Acceptance Model (TAM), Diffusion of Innovation (DOI), Unified Theory of Acceptance of
Technology (UTAUT) model, Theory of Planned Behavior (TPB), Combined of TPB and
TAM (C-TAM-TPB), Motivational Model, Social Cognitive Theory, Recommender System
Adaption, and Compass Acceptance Model (CAM). Due to its robustness in predicting
technology adoption in various contexts of technologies, TAM has received numerous
empirical supports (McKinnon & Igonor, 2008; Park et al., 2009). Use of TAM is predicated
on individuals having control over whether or not they use the system (Pearlson & Saunders,
2006). For the purpose of understanding system usage behavior, using TAM has the key benefit
in providing a framework to investigate the effects of external variables on system usage (Hong
et al., 2002). Despite that, several researchers explore whether the TAM's belief variables are
mediators of the effect of external variables (Venkatesh, 2000; Venkatesh & Brown, 2001).
Studies on acceptance models have been conducted on various fields. In areas related to IT,
user acceptance or intention to use was previously assessed with regards to that of; artificial
intelligence (Alhashmi et al., 2019; Cai et al., 2022; Gado et al., 2022; Mohr & Kiihl, 2021; Na
etal., 2022), virtual reality (Capasa et al., 2022; Morelli et al., 2022; Sagnier et al., 2020; Zhang
et al., 2022), digital library (Hong et al., 2002; Park et al., 2009), internet devices (Bruner &
Kumar, 2005), internet usage (Jackson et al., 1997; Venkatesh & Davis, 2000), as well as
internet banking and e-commerce (Duc et al., 2021; Gefen et al., 2003; Pavlou, 2014; Ramayah
et al., 2002). In accepting e-commerce for instance, reducing perceived risks and consumer
trust are found to be important (Gefen et al., 2003; Pavlou, 2014). Sciarelli et al. (2022) utilized
an extended TAM approach to investigate the factors influencing entrepreneurs’ adoption of
blockchain technology in Italy. It was noted that extended TAM is expected to explain better
in e-commerce environments compared to original TAM (Fayad & Paper, 2015). When the
applicability of TAM was tested for predicting entrepreneurs’ technology usage, Ndubisi et al.
(2001) found it to be valid. Even a model based on transaction cost theory has been developed
to study the consumer acceptance of products in electronic markets (Liang & Huang, 1998).
From a study on the acceptance of IT among Saudis, Al-Gahtani et al. (2007) reported that
subjective norm positively influences intention, but when the age and years of experiences
using the computer increase, this influence is diminished. Huh et al. (2009) also studied the
acceptance behavior of information system in hotels and concluded that if the key objective is
to predict behavioral intention to use the system, TAM is preferable.
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In the field of healthcare, Khan and Woosley (2011) conducted a comparison on the most
suitable acceptance model for the health industry organization, Tao et al. (2019) examined the
acceptance of health information portals among young internet users, whereas Alhashmi et al.
(2019) investigated the critical success factors to adopt artificial intelligence in the healthcare
sector in United Arab Emirates. Since patient acceptance is critical in order to implement or
introduce a new technology in the healthcare system, previous studies have examined patient
acceptance of electronic-health (Wilson & Lankton, 2004), e-consultations (Althumairi et al.,
2022), virtual reality technology (Morelli et al., 2022), telemedicine (Ramirez-Correa et al.,
2020), and voice smart care system (Jian et al., 2022). Meanwhile in the education sector,
Szymkowiak and Jeganathan (2022) assessed the acceptance of peer-to-peer e-learning among
Indian students. Mensah et al. (2022) examined college students’ intentions to adopt e-learning
system in China. Similarly, Zhou et al. (2022) used an extended TAM to analyze students’
intention in using online education platform. Ramayah et al. (2003) incorporated motivational
variables in TAM to explain internet usage among students of institutions of higher learning.
Ho et al. (2013) investigated the acceptance behavior of mobile phone messaging to enhance
the interaction between parent and teacher. TAM was also applied by Ramayah and Aafaqi
(2004) in predicting e-library usage with the aid of self-efficacy.

Acceptance models are also used in the studies of technology of non-communication and
information areas. In an assessment on consumer acceptance of nutritionally enhanced
vegetable, Colson et al. (2011) found that consumers are willing to pay more for fresh produce
product with labels indicating the enhanced level of antioxidants and vitamin C. In another
study which focused on the effects of socio-demographic factors, Engle and Kouka (1995)
analyzed consumer acceptance on canned bighead carp. The probabilities estimated showed
that canned bighead carp competes more favorably with canned tuna than with canned salmon.
Besides this, a study on public acceptance of biotechnology and genetically modified food in
food production revealed that there is general optimism about biotechnology and support for
its use in plants, but its approval for its use in animals is more limited (Hossain et al., 2002).
Acceptance model is also used to consider the movement characteristic especially in left-turn
gap acceptance. The results show that drivers tend to accept short lags/gaps between near side
pedestrians compared to far side pedestrians. Drivers tend to accept short lags and being
conservative about short gaps (Alhajyaseen et al., 2013). In terms of new product acceptance,
Mahajan and Wing (1985) concluded from their analysis using the acceptance model that,
further research on the mentioned areas can make diffusion models acceptable and viable tools
to study the diffusion of an innovation. There has also been a study which looked into
community acceptance and adoption of decentralized water systems (Mankad & Tapsuwan,
2011). The study focused on social science literature pertaining to alternative forms of
household water, with an emphasis on decentralized water acceptance. They discovered that
within the social science literature there appears to be a skewing towards focusing on
acceptance of centralized alternative water such as recycled and desalinated water system.
Having said this, none of previous research has adopted TAM in the study of acceptance level
of using recombinant collagen-like protein as a source of collagen in Malaysia. Thus, the
current study is perceived to be an additional literature that could integrate TAM in this new
proposed technology for collagen product.

Methodology

Sample and Measurement Scales

In assessing the level of acceptance on the ‘proposed alternative source of collagen product' to
the households or consumers, a face-to-face survey is conducted on a target sample of 1,000
respondents spreading across northern, southern, eastern and middle regions in Peninsular
Malaysia (see Appendix). The number of respondents for each region is determined using
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proportional stratified sampling method. Before the survey is conducted, a pilot study was held
to validate relevancy of the survey questions. The survey is conducted by selected enumerators
and closely monitored by the researchers. Data were collected from respondents regardless of
their age, educational background, income level, ethnicity, religion and gender. The
respondents were asked on all these demographic information, except their names, and these
variables are used later as control variables in our analysis of data. A total of 2000
questionnaires were distributed as a part of a survey among consumers in all selected regions.
Of these, 1446 completed responses were returned and analyzed.

For the survey, a structured questionnaire was developed. The questionnaire had two distinct
sections. Demographic details of respondents, including age, gender, educational background,
income level and others were sought in the first section. The second section consisted of eight
items to measure ‘perceived usefulness’, thirteen items to measure ‘perceived ease of use’, nine
items to ‘attitude towards using recombinant collagen-like protein’ and nine items to measure
‘behavioral intention to use recombinant collagen-like protein. Respondents were asked to rate
all items on a five-point Likert-type format anchored between strongly disagree (indicated by
1) and strongly agree (indicated by 5).

Technology Acceptance Model (TAM) and Hypotheses

Analysis of the survey data collected from consumers is conducted by using Technology
Acceptance Model (TAM). TAM is a theoretical model that explains and predicts the user
behaviour in information technology and it is considered an influential extension of theory of
reasoned action (TRA). TAM provides a basis with which one traces how external variables
influence belief, attitude, and intention to use. Two cognitive beliefs posited by TAM are:
perceived usefulness and perceived ease of use. According to TAM, one’s actual use of a
technology system is influenced directly or indirectly by the user’s behavioural intentions,
attitude, perceived usefulness of the system, and perceived ease of the system. TAM also
proposes that external factors could affect intention and actual use through mediated effects on
perceived usefulness and perceived ease of use. Figure 1 depicts the TAM (Davis, 1989).

Perceived
Usefulness
Attitude Toward Behavioral
Using (AT) Intention To Use
i (BI)

Perceived /
Ease of Use

(PEV)

Figure 1: Technology Acceptance Model (TAM)

Based on TAM framework, the present study comes out with the following hypotheses:
Hypothesis 1: 'Attitude’ towards using product sourced from recombinant collagen-like protein
is significantly (positively) affecting the consumers 'behavioral intention' to use the product
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source from recombinant collagen-like protein.

Hypothesis 2: There is a significant (positive) influence of ‘perceived ease of use’ on the
‘attitude’ to use the product sourced from recombinant collagen-like protein.

Hypothesis 3: There is a significant (positive) influence of ‘perceived ease of use’ on ‘perceived
usefulness’ of the product sourced from recombinant collagen-like protein.

Hypothesis 4: There is a significant (positive) influence of ‘perceived usefulness’ on the
‘attitude toward’ to use the product sourced from recombinant collagen-like protein.
Hypothesis 5: There is a significant (positive) influence of ‘perceived usefulness’ on the
‘behavioral intention’ to use the product sourced from recombinant collagen-like protein.
Hypothesis 6: Mediator variables significantly affect the relationship between two constructs
(in specific, perceived usefulness is a mediator variable between perceived ease of use and
attitude toward; attitude toward is the mediator variable between perceived ease of use and
behavioral intention; and attitude toward is the mediator variable between perceived usefulness
and behavioral intention)

Data Analysis Technique

Data collected in the present study are analyzed using Partial Least Square — Structural
Equation Model (PLS — SEM), the quantitative approaches, which can be used when the
measurement of variables have a different scale (Hair et al., 2017). PLS - SEM was used to
analyze the direct effect of exogenous variables on the endogenous variables. Smart PLS
software is used to analyze the SEM indices. One advantage of using this method lies in its
ability to deal with real challenges in the nature of data such as data noise, missing data and
skewness (Dhir et al., 2020).

Results and discussion

The returned responses from the survey, that is 1446, were analyzed using SmartPLS version
3.2.7. The choice of SmartPLS was made on the basis of its ability to measure causal
relationships among all latent constructs simultaneously, while dealing with measurement
errors in the structural model (Farooq, 2016; Hair et al., 2017). The advantages of PLS include
minimal restrictions on measurement scales, sample size and residual distributions (Chin et al.,
2003).

The sample of consumers has an average of 30 years of age, and the majority (63.4 per cent) is
male. The proportion of single respondents is slightly higher (57 per cent) than
married/divorced respondents (43.1 per cent). Almost 75 per cent of respondents are Malays
and therefore, as expected, Muslims are with the bigger percentage (91.8 per cent). From the
total sample size, 16 per cent are non-citizen while the rest (84 per cent) are Malaysian. The
non-citizen is mainly those who are studying and working in the country. Looking at the
respondents’ education level, more than 80 percent of them have higher level of education,
with diploma, first degree or post-graduate degrees.

As of occupation, less than 10 per cent are self-employed. Those employed in public sector is
28.7 per cent while those employed in private sector is only 11.6 per cent. Since the rest of
respondents are consist of retirees, unemployed, students and homemakers (52.1 per cent), we
expect that they fall under the category of lower income brackets. Observing data on monthly
income earned, about 38.5 per cent of the respondents earned less than RM500 per month. 25.7
per cent of them earn between RM500 and RM2000, 13.4 percent earn between RM2000 and
RM3000, while 22.4 per cent earn more than RM3000 per month. Although we could see
substantial difference of income level among consumers in study, careful inferences should be
taken as a proper computation should exclude those who are not in labour force such as
students, retirees and homemakers. Thus, diverse demography of respondents in the current
study is expected to help understand the relations projected and generalize the findings.
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Diversity in background of respondents could increase generalizability of the findings in the
consumers context.

Table 1: Distribution of Respondents by Demographic Variables

Item Frequency Valid Percent
Gender Male 528 36.6
Female 915 63.4
Ethnicity Malay 1075 74.7
Chinese 86 6.0
Indian 48 3.3
Bumiputra 10 0.7
Others 221 15.3
Citizenship Malaysian 1209 84.0
Non-Malaysian 230 16.0
Religion Muslim 1284 91.8
Non-Muslim 114 8.2
Marital Status Single 821 57.0
Married 593 41.2
Divorced 27 1.9
Educational Level No education 19 1.3
Primary education 11 0.8
Secondary education 172 11.9
Diploma/pre-university 311 21.6
First Degree 679 47.2
Postgraduate education 248 17.2
(Master/PhD)
Occupation Public sector 413 28.7
Private sector 167 11.6
Self-employed 108 7.5
Housewife/homemaker 41 2.8
Retired 25 1.7
Unemployed 60 4.2
Student 625 43.4
Monthly income <RM500 529 38.5
RM501 -RM1,000 125 9.1
RM1,001 - RM1,500 112 8.2
RM1,501 — RM2,000 115 8.4
RM2,001 — RM2,500 89 6.5
RM2,501 — RM3,000 95 6.9
> RM3,000 308 22.4

Measurement Model

The outer loading for each indicator was used to test the convergent validity and it reflects a
positive correlation between one to other indicators in measuring the same construct (Hair et
al., 2017). The outer loading of more than 0.7 implies that the indicator is acceptable. The outer
loading value between 0.4 and 0.7 should be considered if it could be increasing the Average
Variance Extracted (AVE) (Hair et al., 2017). Thus, the indicators which have less than 0.6
outer loading are deleted. Table 2 displays the outer loading for all indicators for each construct.
Another criterion in the validity test is the convergent validity using the value of Average
Variance Extracted (AVE). Average variance extracted (AVE) should ideally be more than 0.5
(Chin, 1998; Hock and Ringle, 2006). The AVE value more than 0.5 indicates that the construct
explains more than a half of variance of indicators (Hair et al., 2017). Results in Table 2 display
that the AVE for each variable is more than 0.5 and therefore consistent with the required
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criteria. We need to also ensure that the instruments are reliable based on composite reliability
and Cronbach’s Alpha. Hair et al. (2017) explained that composite reliability (CR) and
Cronbach’s Alpha (CA) were used to test the construct reliability. According to Hair et al.
(2017), the instruments are reliable if the composite reliability value more than 0.7 and the
Cronbach’s Alpha is more than 0.5. Based on both criteria in reliability test, the results show
that the measurements of variables which are used in this study are reliable.

Table 2: Convergent Validity

Items Factor loading
Attitude Toward (AT): CR=0.923, CA=0.902, AVE =0.631
AT22 0.786
AT23 0.836
AT24 0.832
AT25 0.826
AT26 0.803
AT29 0.710
AT30 0.761
Behavioral Intention (Bl): CR =0.944 , CA=0.934 , AVE=0.654
BI31 0.772
BI32 0.802
BI33 0.797
BI34 0.815
BI35 0.823
B136 0.835
BI37 0.787
B138 0.821
B139 0.822
Perceived Ease of Use (PEU): CR =0.934, CA=0.923 , AVE=0.52
PEU9 0.704
PEU10 0.746
PEU11 0.724
PEU12 0.735
PEU13 0.712
PEU14 0.693
PEU15 0.711
PEU16 0.724
PEU17 0.743
PEU18 0.738
PEU19 0.751
PEU20 0.712
PEU21 0.674
Perceived Ease of Use (PEU): CR =0.934, CA=0.923 , AVE=0.52
PU1 0.737
PU2 0.772
PU3 0.782
PU4 0.798
PU5 0.740
PUG6 0.789
PU7 0.778
PU8 0.770

Notes: CR = Composite Reliability; CA = Cronbach’s Alpha, AVE = Average Variance Extracted.

Table 3: Discriminant Validity (Heterotrait-Monotrait Ratio of Correlations)

AT Bl PEU PU
AT
Bl 0.847
PEU 0.766 0.743
PU 0.728 0.726 0.803
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Once the test of convergent validity is conducted, the discriminant validity is tested. In many
previous studies, Fornell and Larcker (1981) criterion has been used to test discriminat validity.
However, there are criticisms on this criterion as it is not able to detect the lack of discriminant
validity in common research situations (Henseler et al., 2015). Henseler et al. (2015) suggested
an alternative approach to access discriminant validity using heterotrait-monotrait ratio of
correlations (HTMT) which is having better performance by means of a Monte Carlo
simulation. The discriminant validity using this new method is conducted and the results are
shown in Table 3. If the HTMT value is greater than 0.85 (Kline, 2011) or 0.90 (Gold et al.,
2001), it implies that there is a problem of discriminant validity. Since the current results show
that all the values passed the HTMT0.90 (Gold et al., 2001) and the HTMTO0.85 (Kline, 2011),
the discriminant validity has been ascertained and therefore each construct which developed in
this study is absolutely different. Based on these results, the measurement model of this study
has adequate convergent validity and discriminant validity.

Structural Model

As suggested by Ramayah et al. (2016), coefficient of determination, R2, is used to observe the
goodness fit of the structural model. According to Hair et al. (2011), coefficient of
determination and the level of significance of the path coefficients (beta values) can be captured
by R2. The current statistic of R2 for the structural model is 0.604, suggesting that 60 percent
of the variance of behavioral intention to use the product sourced from recombinant collagen-
like protein can be explained by perceived ease of use, perceived usefulness and attitude
towards.

Furthermore, in order to assess the statistical significance of path coefficients, the current study
has calculated the path coefficients of the structural model and performed bootstrap analysis
(re-sampling = 500). Results are presented in Table 4. It is revealed that perceived usefulness
and perceived ease to use has a positive relationship with attitude toward using the product
sourced from recombinant collagen-like protein with b = 0.299 (p < 0.01) and b = 0.485 (p <
0.01), respectively. In addition, perceived easy to use has a positive relationship and direct
effect with perceived usefulness with b = 0.741 and significant at one percent level. Similarly,
attitude toward has a positive and significant relationship with behavioral intention with b =
0.778 and perceive usefulness has a positive and significant relationship with behavioral
intention with b = 0.275. Thus, H1, H2, H3, H4 and H5 are fully supported through the tests.
Observing the size of path coefficient (standard beta), it could be noticed that the direct effect
of ‘behavioral intention’ (0.778) indicates that increasing ‘attitude toward’ by one point would
increase the behavioral intention index by 0.778 points. This size of beta is the highest among
other betas. Nonetheless, the direct effect of ‘perceived easy to use’ on ‘perceived useful’ also
marks high value of beta with 0.741. All these results imply the importance of these constructs
in the model.

Table 4. Results of Hypotheses Testing (Direct Relationship)
Hypothesis Direct relationship Path coefficient (std beta) Std. error  t-statistic (p-value)

H1 AT > BI 0.778 0.014 54.59 (0.000)
H2 PEU -> AT 0.485 0.031 15.54 (0.000)
H3 PEU -> PU 0.741 0.015 48.07 (0.000)
H4 PU -> AT 0.299 0.032 9.48 (0.000)
H5 PU -> Bl 0.275 0.025 10.92 (0.000)
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Perceived _
Usefulness p=0.275
p=0.299
Attitude Toward p=0.778 Behavioral
p=0.741 Using (AT) > Intention To
Use (BI)
Perceived /
Ease of Use
(PEU) p=0.485

Figure 2: Path Coefficients of Technology Acceptance Model (TAM)

Mediation Effect

Mediation effect could be defined as a situation when a third mediator variable intervenes
between two other related constructs (variables). In other words, a change in the exogenous
construct causes a change in the mediator variable, which, in turn, results in a change in the
endogenous construct in the model. Thereby, a mediator variable governs the nature (i.e., the
underlying mechanism or process) of the relationship between two constructs. The test on
mediation provides the analysis of strength of the mediator variable’s relationships with the
other constructs which substantiate the mechanisms that underlie the cause-effect relationship
between an exogenous construct and an endogenous construct. Detail analysis of systematic
mediator in PLS-SEM is provided by Hair et al. (2017), Nitzl et al. (2016) and Cepeda et al.
(2017).

Table 5: Results of Hypotheses Testing on Mediation (Indirect Relationship)

Hypothesis Indirect Standard Standard t-statistics Confidence Interval (Cl)
relationship beta error LL UL
H1l PEU -> AT 0.242 0.024 9.933 0.203 0.299
H2 PEU -> BI 0.612 0.016 37.316 0.577 0.64
H3 PU -> Bl 0.197 0.02 10.074 0.166 0.244

Notes: LL = lower level, UL = upper level.

In this study, we develop three hypotheses on mediation from the current model. In the first
hypothesis, H1, perceived usefulness is a mediator variable between perceived ease of use and
attitude toward and it is expected that this mediator is significantly intervening between these
two constructs. In hypothesis two, H2, attitude toward is the mediator variable between
perceived ease of use and behavioral intention and in hypothesis three, H3, attitude toward is
the mediator variable between perceived usefulness and behavioral intention. Based on
bootstrapping analysis, all three indirect effects (standard beta), b=0.242, b=0.612 and b=0.197
are significant with t-values of 9.933, 37.316 and 10.074, respectively (t-values > 1.96, two-
tailed, p < 0.05). The indirect effects 95% boot Confidence Interval (Cl) bias corrected:
(LL=0.203, UL=0.299), (LL=0.577, UL=0.64), and (LL=0.166, UL=0.244) do not straddle a
zero in between indicating there is mediation effect (Preacher and Hayes, 2004; Preacher and
Hayes, 2008). Thus, these results indicate that the mediation effects are statistically significant
and support the hypotheses. The results are shown in Table 5.
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Table 6: Results of Total Effect (Direct Effect Plus Indirect Effect)

Relationship Mediator Standard beta  Standard error t-statistics p-values
variable
AT -> Bl - 0.595 0.017 57.067 0.00
PEU -> AT PU 0.689 0.016 41.598 0.00
PEU -> BI AT 0.612 0.015 37.316 0.00
PEU -> PU - 0.73 0.031 47.564 0.00
PU-> AT - 0.331 0.033 10.59 0.00
PU -> BI AT 0.474 0.026 18.04 0.00

Table 6 displays the total effect when the mediator is considered in the relationship of two
constructs. The total effect is the addition of direct effect (path coefficient) and indirect effect
(standard beta) in each mediation hypothesis. The results show betas for total effect in all
hypotheses are significant at 1 percent level. The total impact of ‘perceived ease of use’ (0.689)
implies that one-unit change in this construct would improve the “attitude toward’ index by 0.689.
This total impact has been computed by summing up the direct effect on attitude towards and
indirect impact on ‘perceived usefulness’. As for total effect of ‘perceived ease of use’ on
‘behavioral intention’, the mediating variable of ‘attitude toward’ significantly improves the
strength of relationship (0.612), while total effect of ‘perceived usefulness’ on ‘behavioral
intention’, the mediating variable of ‘attitude toward’ significantly improves the strength of
relationship by 0.474. While computing the summation of direct and indirect effects of the
determinants, we found that in most cases, the mediators improve the behavioral intention to use
the product sourced from recombinant collagen-like protein.

Importance-Performance Map Analysis (IPMA)

Furthermore, we extend the analysis using importance-performance map analysis (IPMA) from
the standard path coefficient estimates in more practical way following Ringle and Sarstedt (2016).
Also known as importance-performance matrix, IPMA extends the results of the estimated path
coefficient (importance) by adding a dimension that considers the average values of the latent
variable scores (performance). In detail, the IPMA contrasts the unstandardized total effects
(importance) in the structural and the average values of the latent variable scores on a scale from
0 to 100 (performance) in a graphical representation. Ringle and Sarstedt (2016) stated that the
IPMA’s objective is to identify predecessors which have a relatively low performance but high
importance for the target constructs. These become major and high priority improvement areas
with the goal to in turn increase the performance of the selected key target construct in the Partial
Least Square (PLS) path model.
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Importance-Performance Map
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Figure 3: Importance-Performance Map Analysis
Table 7: Importance-Performance Map Analysis Statistics
Variable Importance (Total Effect) Performance (Index Values)

AT 0.824 66.785

PEU 0.628 63.799

PU 0.246 65.729

In this study, the behavioral intention of using the product sourced from recombinant collagen-
like protein is a target construct, which is predicted by three predecessors (perceived ease of
use, perceived usefulness and attitude towards) as shown by Figure 1. The results of IPMA are
displayed in Table 7 and illustrated in Figure 3. The IPMA reveals that the construct attitude
toward has high performance and also an important variable in the prediction of behavioral
intention of using the product sourced from recombinant collagen-like protein. Meanwhile,
perceived usefulness already has high in performance but low importance compared to
perceived ease to use and attitude toward.

Discussion of Results

The findings in this study simply reveal that the behavioral intention of using the product
sourced from recombinant collagen-like protein is depending on perceived usefulness and
perceived easy to use from the consumers’ perspectives. We found that perceived usefulness
and perceive ease of use have positive effect on attitude toward using the product sourced from
recombinant collagen-like protein and similarly, attitude toward is positively related to
behavioral intention of using this product. Perceived usefulness is the perception that the
subject will help a user to achieve his or her goals. The perceived usefulness of the product
sourced from recombinant collagen-like protein could be traced among consumers as it can
reduce the problem of less collagen in body due to age factor, promote healthy food
development, enhance innovation in health and cosmetic industries, solve the problem of
unavailable halal collagen in my country, support the national economy by increasing
economic activity in the halal industry, increase consumers’ confidence, and help government
to promote more economic activities to local manufacturers. This finding is consistent to
findings of Mohd Thas Thaker (2018), Venkatesh and Morris (2000), Abbasi et al. (2011), and
Cheng et al. (2006) using similar method to analyze new models and technologies. This
collagen product in nature with alternative source producing it is expected to create a positive
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attitude toward and finally the intention of using it among consumers.

Perceived ease of use is defined as the degree to which a person believes that easy-to-use the
model or subject was associated with greater intent to use it (Davis, 1989). Thus, the easier to
use the product sourced from recombinant collagen-like protein, the more consumers attracted
to use and buy it. Perceived ease of use of the product implies high confidence obtained from
the product and assist consumer to make better selection of healthy products. Besides, it assists
them to boost their religious awareness and more skilful in dealing with halal elements in
everyday life. Nonetheless, confusion, wrong decision, and frustration on the choice of
collagen products could be overcome with the selection of current product which is
environmentally friendly and syariah compliance. The importance of ‘perceived ease of use’
contruct in determining intention is also found in studies of Davis (1989), Mohd Thas Thaker
(2018), Yi et al. (2003) and Gefen et al. (2004).

Meanwhile, we also find that perceived ease of use was positively and significantly associated
with perceived usefulness. It means that the easier the product to use, the more useful it is
perceived to be. In fact, PEU was found as a significant antecedent of PU, rather than a parallel,
direct determinant of acceptance, and thus it can affect indirectly the acceptance through PU
(Davis et al., 1992). According to a study of Lee et al. (2003), 69 studies showed a significant
relationship between PEU and PU in TAM model from 1986 to 2003.

With regard to the mediating hypotheses, the bootstrapping results reveal that the relationship
between perceived ease of use and attitude toward is mediated by perceived usefulness.
Similarly, the relationships between perceived ease of use and behavioral intention as well as
perceived usefulness and behavioral intention are intervened by attitude toward. In both cases
of PU and AT as mediating variables, the total effects of exogenous variables on endogenous
variables are increase in magnitude as compared to direct effects. The results substantiate the
importance of the mediating variables in the model that further strengthen the well acceptance
of the collagen products sourced from recombinant collagen-like protein. Nonetheless, the
model developed in the study could be highly trusted based on high performance of each
predecessor in predicting the behavioral intention.

Conclusion

The most important task in food producing industries is to produce the healthy and desirable
products in which the techniques of production and food sources are well accepted by
consumers. Our study focuses on collagen products which currently doubted on the sources
used. The growing concerns on the transfer of diseases from animal sources and halal issue on
the sources and manufacturing processes as well as the limited sources from marine animals,
is a reason to call this study that aims to provide an alternative source to the available collagen
market and to analyze the acceptance level of consumers on this new product of collagen. In
detail, the technology acceptance level is evaluated among consumers on the new product
introduced using recombinant collagen-like protein as its source. Using cross sectional data of
1446 consumers through survey, the objective of study is achieved by adopting TAM in which
data are analyzed using PLS — SEM. Results clearly show a direct positive and significant
relations between perceived usefulness and attitude toward, perceive ease of use and attitude
toward, and attitude toward and behavioral intention of using the product sourced from
recombinant collagen-like protein. Further, the study investigates the mediating role of
perceived usefulness between perceive ease of use and attitude towards and mediating role of
attitude toward between perceived ease of use and behavioral intention as well as perceived
usefulness and behavioral intention. The findings of this research confirm that both PU and AT
play important roles in increasing intention to use the collagen product sourced from
recombinant collagen-like protein.
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Thus, the results imply the high potential end collagen product to be marketed using this
alternative source of collagen. Food industry, particularly in the country, should hence pay
more attention to the aforementioned technique of extracting collagen for final food production
to increase their future returns. It could also enhance consumer loyalty on the product used,
which would help any business to survive in the current competitive scenario. Implications of
our study offer some useful suggestion to firms in food and health industries to opt for the
alternative method of extracting collagen using recombinant collagen-like protein that would
further enhance consumer loyalty in collagen-based products and help in successful
sustainability of the environment, biodiversity and most importantly the halalness. By
effectively understanding the level of consumers’ acceptance, producers can have a proper plan
to adopt the new technique of extracting collagen for their products and to well equip the
process with necessary tools. It is imperative to generate positive perception and confidence
among consumers about the new source of product. By doing so, it helps firms to increase
overall productivity in the competitive market. This study not only extends the literature on
food security and health areas of research but also provides insights for environmental concern
of food production for sustainable development.

As for study limitations, the findings of the present study are based on the data collected from
consumers in Malaysia only. As such, the generalization of the findings to other countries
should be done with caution. Representativeness of our model is limited for two reasons.
Firstly, the factors identified in determining the behavioral intention are not exhaustive. A more
exhaustive list of such factors could lead to further interesting insights. Secondly, this is a cross-
sectional study and hence does not take into consideration temporal effects. However,
replicating the study using longitudinal data could further validate the relations we have
proposed and tested. Moreover, the present research has mainly focused on the role of
mediators in enhancing the impact of factors or constructs on the intention. Future
investigations should test moderating effects in the model to elucidate the relationship between
these constructs. Demographic variables (e.g., gender, age, educational background) can be
some of the potential moderators that can strengthen or weaken the relationship between PU,
PEU and intention.

Appendix
Distribution of Respondents by States in Malaysia
State Frequency Percent
Johor 133 9.2
Kedah 184 12.7
Kuala Lumpur 199 13.8
Kelantan 102 7.1
Melaka 15 1.0
Pahang 106 7.3
Pulau Pinang 341 23.6
Perak 99 6.8
Perlis 51 35
Selangor 135 9.3
Terengganu 81 5.6
Total 1446 100.0
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