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A B S T R A C T   

The purpose of this study is to investigate the influencing factors for fitness enthusiasts’ will-
ingness to purchase insect protein foods as fitness protein replacements. Using structural equation 
modeling, a model was developed to understand the factors influencing the purchase intention of 
insect alternative foods. We conducted an online survey of 968 fitness enthusiasts in China. In 
accordance with the data processing results, perceived value appears to be one of the most sig-
nificant factors that contribute to consumers’ purchase intention, attitude, and satisfaction with 
their purchase decisions. Furthermore, satisfaction has the potential to improve user attitudes and 
increase user purchase intentions. As a whole, this study extends research on insect protein al-
ternatives as a potential alternative product for bodybuilding supplements. Moreover, make some 
recommendations to producers, designers, and promoters.   

1. Introduction 

1.1. Research background and purpose 

By 2100, the world population will have grown by 4 billion, to a total of 11 billion, and will continue to grow [1]. Due to the 
continued growth of the world’s population and the consumption of environmentally friendly foods, air, soil, and water resources are 
also experiencing a great deal of stress [2]. There is a prediction that 830 to 1.09 billion people in the world will suffer from hunger by 
2050 as a result of food safety issues, and that the supply of food should increase by at least 50% and even as much as 75% [3]. It has 
been suggested by experts that the global food demand will increase in the first half of the 21st century, however the crops will be 
widely used in bioenergy and industry, thereby threatening the food security of the least developed and developing countries [4]. As 
the world’s population grows, food availability is one way to ensure food security in the future [5]. A top priority in addressing food 
security is to find alternatives to animal products. The most important source of animal protein is dairy products. Milk substitutes that 
use insects as raw materials have similar nutritional properties and do not negatively impact the environment [6]. 

There are already two billion people in the world who consume insects [7]. The trend towards healthy and sustainable diets is 
currently underway around the world, with a shift towards seafood, dairy, poultry, and vegetable oils among the most prominent 
changes [8]. As alternative proteins gain more attention, plant-based meat alternatives, insects, and artificial meat have greater 
benefits for human health than animal-based meat, while improving animal welfare at the same time [9]. A number of scientists have 
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argued that eating insects is a viable option to ensure food security. Insects have the advantages of high feed conversion rates, low 
greenhouse gas emissions, low water consumption, and good animal welfare [10]. Compared to traditional protein, insect protein is a 
good alternative because it has a high nutritional value, is easy to digest, and protects the environment [11]. Meanwhile, food must be 
safe, affordable, convenient, and delicious [12], and alternative foods are favored by urban sustainable development planners in order 
to both protect the environment and attract wealthy residents to the urban core for consumption [13]. 

Since people have become more aware of their health in recent years, the demand for protein supplements among fitness en-
thusiasts has risen dramatically. Combining insect food with supplements for bodybuilders is a very interesting and important research 
area. Protein supplements are beneficial to fitness enthusiasts for a variety of reasons, including the building of muscle and strength, 
the reduction of body fat, the increase in muscle mass, the improvement of athletic performance, and the improvement of overall 
health [14]. When exercising, 30%–70% of sports enthusiasts take dietary supplements, and 20% consume protein powder frequently 
on the advice of their coaches or doctors [15]. The use of edible insects could address human needs for animal protein and add new 
dietary components to food waste [16]. A growing population has created severe food shortages. Insect food has attracted the attention 
of many scholars in recent years, however there is no study that explores the effects of adding insect food to fitness enthusiasts. With 
fitness enthusiasts having a high protein requirement, this study fills the gap in research on alternative products for fitness enthusiasts 
with high protein requirements. Furthermore, this study examines the role and response of fitness enthusiasts to insect food as a protein 
substitute, which is the innovation of this study. It is therefore important to investigate the willingness of bodybuilders to purchase 
insect alternative foods. 

According to a large number of literature studies, insect alternative foods are gradually becoming more accepted by consumers, and 
they offer more and more advantages such as high protein levels. In this paper, it is demonstrated that adding insect alternative foods to 
the supplements of bodybuilders can satisfy the desire for high protein levels, and that it will play a very important role in reducing 
environmental pressure and food shortages. The purpose of this study is to analyze the factors that influence fitness enthusiasts’ in-
tentions to purchase insect protein alternative foods. It is vital to identify the main factors that influence people’s decision to choose 
alternative products, to develop new edible products and alternative products for the future population of the world, and to minimize 
the imbalance between supply and demand for food. 

1.2. Research purposes 

This study aims to investigate the factors influencing the purchase intention of insect protein products as fitness protein substitutes 
and fitness enthusiasts. We developed a structural equation model to examine the relationship between new product innovation, 
campaign commitment, perceived risk, perceived value, satisfaction, attitude, and purchase intention. Providing valuable insight to 
policymakers and industry stakeholders interested in incorporating insect alternative foods into the food supply in an environmentally 
friendly and socially acceptable manner. 

2. Theoretical background and the research model 

2.1. Alternative foods 

The most common alternative foods are plant proteins, artificial meat proteins, and insect proteins [17]. As the production process 
of products consumes a large amount of resources, consumers are becoming more concerned about the sustainability of consumption 
patterns [18]. In order to meet the needs of users, we must also look for and develop better sustainable consumer products. It has been 
shown in numerous studies that flexible diets that replace protein and future foods can contribute to the sustainability of the food 
system [19]. Alternative foods are expected to play an important role as a good source of nutrition in the near future [20]. Food al-
ternatives will play an important role [21], which indicates that they have significant development value. Alternative foods are 
developed for various reasons, including convenience, customization, improved nutritional needs, animal welfare, and others [22]. 

2.2. Innovation in products 

A new product’s development and promotion are highly dependent upon product innovation. According to the article on social 
media customer satisfaction research, SNS food service product innovation can have an impact on customer satisfaction [23]. In other 
words, product innovation can increase user satisfaction to a certain extent. By using five constructs, such as food innovation to explain 
user satisfaction and attitudes, open innovation can help the hotel industry better understand customer preferences and needs. The 
results show that the Logit model interpretation rate reaches more than 50% [24]. E-commerce product innovation is one of the focuses 
of businesses and consumers worldwide [25]. Among Indonesian Shopee users, the relationship between product innovation, satis-
faction, and repurchase intention was not significant, but satisfaction significantly affected repurchase intention. Thus, when buyers 
recognize the innovation of a product, it can further influence their satisfaction, attitude, and purchase intention. There is, however, a 
question of whether such effects can still be achieved with special products such as insect alternative foods. 

2.3. Commitment to sports 

It is generally considered that commitment is displaying a sense of belonging and a spiritual desire for certain behaviors and 
persisting in carrying them out [26]. Having a strong commitment to sports will have an impact on the loyalty of bodybuilders. The 
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higher the loyalty, the higher the satisfaction and also the likelihood that bodybuilders will purchase fitness equipment [27]. An 
analysis of psychometric trait measures found that commitment to sports and satisfaction were positively associated [28]. According to 
Ref. [29], previous relevant literature has shown that sports commitment is positively related to satisfaction and attitude toward 
sports. A sports commitment will not only improve participation in sports, but will also have a direct or indirect effect on the purchase 
satisfaction, attitude, and purchase intention of sports-related products. This study further explores the relationship between these 
factors using the insect alternative food purchase intention model. 

2.4. Perceived risk 

A perceived risk is defined as the loss expectation that people perceive as a result of eating edible insects in restaurants, including 
the quality, psychology, health, environment, time loss, social risk, and other factors [30]. A consumer’s perception of risk has a 
negative impact on his or her purchase intention when shopping online [31]. Users’ perception of risk inhibits their willingness to 
make a purchase [32]. In addition, people’s perception of risk will affect their behavior regarding preventative behavior to some extent 
[32]. In the food industry [33], noted that perceived risk negatively impacts customer satisfaction. In the case of new products or 
services that are associated with direct food consumption, there is a substantial increase in the perceived level of risk [34]. Despite the 
fact that eating insects is not a new concept, this article focuses on the addition of insects to protein supplements for bodybuilders. 
Since this is a new food product, the study of perceived risk is extremely significant. 

2.5. Perceived value 

Perceived value is defined by the most often cited definition, based on consumers’ perceptions of what is received and given to them 
[35]. The perceived value of carpooling will positively affect passengers’ willingness to participate [36]. People often choose the more 
cost-effective product or service if they have a more valuable choice. The perceived value of supermarket food contributes positively to 
customer satisfaction [37]. A participant’s perception of value plays a critical role in predicting his or her purchase intention [38]. 
According to Kwun [39], perceived value has a positive impact on attitudes toward meal purchases. Thus, a positive value perception 
can improve consumers’ satisfaction and attitudes, which will increase their willingness to make a purchase. We investigate whether 
this relationship is still valid for insect alternative foods in this study. 

2.6. Attitude 

An individual’s attitude is their level of positive or negative evaluation of a behavior [40]. Attitudes have a significant impact on 
consumer purchase intentions [41]. A brand commitment helps consumers form a positive attitude towards the brand, which increases 
their likelihood of making a purchase [42]. In addition, a positive attitude will increase consumer willingness to purchase [43]. Thus, 
personal attitudes are an important predictor of participants’ willingness to purchase [44]. 

2.7. Satisfaction 

It has been demonstrated that consumer satisfaction has a positive effect on the purchasing attitude of consumers [45]. Purchase 
attitudes of consumers are positively influenced by their satisfaction with online purchases [46]. Purchasing intentions and food 
choices are mediated by attitude and satisfaction [47]. Participants’ increased trust in the robot restaurant reduces perceived risk and 
enhances satisfaction [48]. In general, the higher the customer satisfaction, the more likely they are to consume on the website again 
[49]. 

2.8. Consumer purchase intentions and behaviors 

A consumer’s purchase intention is defined as their willingness to make a purchase [50]. As a result of attitude, customers’ purchase 
intention is positively influenced, whereas perceived risk inhibits customers’ purchase intentions [41]. Attitudes and satisfaction 
moderated participants’ motivations and intentions for making food choices [47]. Consumers’ purchase intentions are influenced 
primarily by their attitude [18]. With a positive attitude towards green clothing, Indian consumers intend to purchase green clothing 
with the aim of protecting the environment [51]. Consumer behavior evolves continuously over time as a result of the previous 
purchase experience of the participant and the information provided by the surrounding people, such as marketing personnel [52]. 
There is great potential for new research in marketing strategy, consumer behavior, and marketing analytics. Among the most 
important factors that motivate consumers to purchase products are factors that affect their behavior [53]. 

3. Research method 

In this study, we surveyed respondents’ opinions online and obtained their consent without interacting with them or encountering 
medical ethical concerns. Due to this, there is no statement applicable to the institutional review board. Our experiments informed 
consent was obtained from all participants and all methods were performed per relevant guidelines and regulations. 
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3.1. The survey object 

A structural equation modeling approach was used to analyze the willingness of fitness enthusiasts to purchase insect alternative 
foods as fitness alternative products. Following the combination of the pictures of insect alternative foods and the deletion of the 
questionnaires with invalid responses, 634 valid data were obtained. The purpose of this study is to explore the purchase intention of 
fitness enthusiasts for insect alternative foods. Protein products are most frequently used by fitness enthusiasts, and they have a great 
deal of knowledge about them. It was conducted on subjects who had consumed insect food or insect-related protein products. Further, 
given their long-term purchasing pattern for protein supplement products, a new product that can reduce fitness costs and contribute to 
sustainable food development is of greater importance to them. Therefore, we selected them as the research objects. 

3.2. Questionnaires design 

This questionnaire has been based on the original questionnaire of relevant dimensions, supplemented with relevant structures 
appropriate to this study, and the relevant questionnaires have been modified in accordance with this theme. In this model, we only 
used items that passed the reliability and validity tests because the reliability and validity test results for some items did not meet the 
standard. As shown in Table 1, the reference sources, codes, items, and source information for latent variables relate to the theme of 
this article and relevant literature. 

3.3. Collection of data 

Data collection for this study was conducted online from October to December 2022 using online questionnaires. The respondents 
who received the survey were instructed to click on the link to the questionnaire to complete it. Participants viewed the description of 

Table 1 
Measurement scale.  

LatentVariable Coding Item Source 

Innovation in 
products 

NI1 Innovations in insect alternative foods are based on food materials that are completely 
different from those used in the past. 

(Cheng & Huizingh, 2014) 

NI2 Creating insect alternative foods requires the development of new products that replace the 
existing ones. 

NI3 A leap in effectiveness and value of new ingredients is possible through the innovative use 
of insect alternative foods. 

NI4 Insect alternative foods that use innovative raw materials and have had a significant impact 
on the industry. 

Commitment to 
sports 

NC1 Exercise is an activity that is worth pursuing. (Zhang et al., 2021) 
NC2 If I did not continue working out, I would feel guilty. 
NC3 In order to fulfill my responsibilities, I insist on fitness. 

Perceived risk PR1 It concerns me that consuming supplements containing insect alternative foods products 
could result in physical harm or injury. 

(Abbasi, Kumaravelu, Goh, & 
Singh, 2021) 

PR2 My concern is that insect alternative food products supplements will not be worth the 
money I spend. 

PR3 My concern is that supplementing with insect alternative foods may cause hygiene or 
health issues. 

PR4 My concern would be that insect alternative foods products would disappoint me. 
Perceived value PV1 By using insect alternative foods product supplements, I am able to save money on fitness. 

PV2 It is possible to accelerate my muscle growth and save me time by using supplements made 
from insect alternative foods. 

PV3 The insect alternative foods product supplements are worth the effort I have put into them. 
PV4 The value of supplements containing insect alternative foods products is generally 

excellent. 
Attitude ATTD1 My preference for insect alternative foods is based on their ability to contribute to the 

sustainable development of food. 
(Al-Swidi, Huque, Hafeez, & 
Shariff, 2014) 

ATTD2 It is my preference to use insect alternative food products because they are more nutritious 
than traditional dietary supplements. 

ATTD3 Due to its environmental friendliness, I prefer insect alternative foods. 
ATTD4 In my opinion, insect alternative food products are quite reasonably priced. 
ATTD5 Insect alternative foods are of great interest to me. 

Satisfaction US1 I am very satisfied with the insect alternative food supplement products that I have used. (Y.-Y. Wang, Wang, Lin, & Tsai, 
2019) US2 There is high quality in these insect alternative foods. 

US3 I am satisfied with this insect alternative food supplement. 
Purchase intention PI1 Due to their high protein content, I am inclined to purchase insect alternative foods 

products. 
(Paul, Modi, Patel, & services, 
2016) 

PI2 In order to protect the environment, I would consider switching to insect alternative foods. 
PI3 Instead of conventional foods, I will spend more money on insect alternative foods. 
PI4 Due to the positive impact on the environment, I intend to purchase insect alternative foods 

in the future. 
PI5 It is certain that I will purchase insect alternative foods in the near future.  
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the survey via the link to the questionnaire, and were fully informed of their voluntary responses. The Likert scale was used, ranging 
from 1 for strongly disagree to 5 for strongly agree. 

This study collected a total of 968 questionnaires, of which 334 were invalid. The remaining 634 valid questionnaires were then 
analyzed, and the effective recovery rate was 65.5%. As shown in Table 2, the data is based on the final valid sample. 

4. Results 

4.1. Description of the test results 

Hypothesis testing is required for the returned questionnaires, since this paper makes assumptions about normality and linearity in 
the distribution of the returned questionnaires. Test the normality of the distribution using the skewness and kurtosis of each construct. 
Based on the results, the skewness of each construct was between 0.684(HT) and 0.838 (PE) and the kurtosis was between 0.033(HT) 
and 1.067 (PE). Table 3 illustrates that the distribution of the data collected formally conforms to univariate normality [54], as 
indicated by the absolute values of skewness and kurtosis. 

4.2. Reliability analysis 

Cronbach’s Alpha and the corrected total correlation coefficient (CITC) were used to validate the questionnaire in this study. 
According to Table 4, the CITC of all constructs is greater than 0.5, and Cronbach’s Alpha reliability coefficient is greater than 0.7. It 
can be concluded from this that the questionnaires and scales employed in this study possess a high degree of internal consistency. 

4.3. Analyses of exploratory factors 

Using exploratory factor analysis, each construct was validated, as shown in Table 5. All constructs have KMO values greater than 
0.6, and the significance of the Bartlett sphericity test is less than 0.05, which allows exploratory factor analysis to be conducted [55]. 
A commonality of greater than 0.6 between each construct item indicates that there is a good degree of convergence [56]. An 
eigenvalue greater than 1 can only be extracted from one new factor if the factor loading exceeds 0.7, indicating that it obeys one 
construct and is suitable for analysis. 

4.4. Analyses of confirmatory factors 

4.4.1. Validation of convergence 
As shown in Table 6, confirmatory factor analysis was used in this study. The standardized factor loading is greater than 0.6 [57], 

the SMC value is greater than 0.4, the t value is greater than 2.58, and the P value is less than 0.05, which is significant. The com-
bination reliability is greater than 0.7, and the average variance extraction (AVE) is greater than 0.4, so this structure is considered to 
have good convergent validity [58]. 

As shown in Table 7, the model fitting index meets the recommended index, indicating that the first-order CFA model has a better 

Table 2 
Demographic characteristics of the respondents.  

Sample Category Number Percentage 

Gender Male 293 46.2 
Female 341 53.8 

Age 1 154 24.3 
2 195 30.8 
3 187 29.5 
4 49 7.7 
5 49 7.7 

Experience in fitness 1 156 24.6 
2 217 34.2 
3 200 31.5 
4 61 9.6 

Frequency of fitness 1 178 28.1 
2 228 36.0 
3 146 23.0 
4 82 12.9 

Experience with insect alternative foods 1 303 47.8 
2 331 52.2 

Hometown Eastern Region 353 55.7 
Middle Region 175 27.6 
western region 90 14.2 
Northeast Region 15 2.4 
Hong Kong, Macao and Taiwan regions 1 0.2  
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ability to fit the data [59]. A computational latent factor method (CCLFM) is used in this paper to assess the common method bias of the 
data. Results indicate that the common method bias fitness index is not significantly improved when compared with the CFA index, and 
that RMSEA and SRMR have been reduced by less than 0.05, and that GFI, AGFI, CFI, NFI, and TLI have been increased by less than 0.1, 
indicating that there is no common method bias present in the study. 

4.4.2. Validity test for discriminant analysis 
The discriminant validity of the data was tested using the Fornell-Larcker criterion method in this study. Table 8 shows that the 

square root of the AVE for each construct is greater than the correlation coefficient between the constructs, indicating that the con-
structs have good discriminant validity [60]. 

Table 3 
Description of the test results.  

Constructs Mean S.D. Skewness Kurtosis 

NI 3.722 .793 − .689 .625 
NC 4.072 .701 − .771 1.067 
PR 3.623 .832 − .689 .545 
PV 3.645 .776 − .788 .962 
AT 3.527 .839 − .753 .366 
SAT 3.610 .831 − .838 .730 
PI 3.438 .895 − .684 − .033  

Table 4 
Results of the reliability analysis.  

Item Corrected Item Total 
Correlation 

Cronbach’s Alpha If 
Item Deleted 

Cronbach’s 
Alpha 

Item Corrected Item Total 
Correlation 

Cronbach’s Alpha If 
Item Deleted 

Cronbach’s 
Alpha 

NI1 .587 .684 .761 AT2 .607 .702 .775 
NI3 .621 .648 AT4 .626 .685 
NI4 .569 .707 AT5 .613 .705 
NC1 .546 .674 .739 SAT1 .646 .746 .808 
NC2 .535 .689 SAT2 .671 .721 
NC3 .613 .598 SAT3 .650 .743 
PR1 .647 .690 .788 PI3 .661 .681 .788 
PR2 .666 .669 PI4 .595 .749 
PR3 .574 .767 PI5 .642 .706 
PV2 .564 .700 .756  
PV3 .641 .609 
PV4 .554 .709  

Table 5 
Results of an exploratory factor analysis.  

Construct KMO Bartlett’s Sphere Test Item Commonality Factor Loading Eigenvalue Total Variation Explained 

NI .693 .000 NI1 .674 .821 2.033 67.762% 
NI3 .709 .842 
NI4 .650 .806 

NC .678 .000 NC1 .640 .800 1.976 65.872% 
NC2 .624 .790 
NC3 .712 .844 

PR .694 .000 PR1 .723 .850 2.106 70.202% 
PR2 .742 .862 
PR3 .641 .800 

PV .680 .000 PV2 .648 .805 2.019 67.302% 
PV3 .733 .856 
PV4 .638 .799 

AT .703 .000 AT2 .685 .828 2.081 69.381% 
AT4 .706 .840 
AT5 .691 .831 

SAT .814 .000 SAT1 .712 .844 2.167 72.230% 
SAT2 .738 .859 
SAT3 .716 .846 

PI .702 .000 PI3 .734 .857 2.116 70.547% 
PI4 .665 .816 
PI5 .717 .847  
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4.5. Results of structural equation modeling 

Fig. 1 illustrates the model path relationship. Table 9 indicates that the model has good fitting indicators, and all of these indicators 
are higher than recommended standard values CFI = 0.958, RMSEA = 0.049, indicating that the model is reasonably constructed and 
has reached the standard fitting degree [60]. 

The maximum probability similarity method is used in this paper to estimate the direct and indirect effects of each construct path. 
According to Table 10, perceived value significantly predicts satisfaction (β = 0.819, P = .020), attitude (β = 0.870, P = .016), and 
purchase intention (β = 0.798, P = .005). The study indicates that the perceived value of insect protein alternatives for fitness en-
thusiasts is positively correlated with their satisfaction, attitude, and purchase intention. 

Insect protein alternative foods’ customers’ satisfaction significantly predicted their purchase intention (β = 0.874, P = .008) and 
attitude (β = 0.955, P = .016), indicating that fitness enthusiasts’ satisfaction had a positive relationship with their purchase intention 
and attitude. 

However, product innovation (β = .075, P = .455), (β = 0.046, P = .713), sport commitment (β = -0.042, P = .181), (β = 0.120, P =
.112), perceived risk (β = -0.008, P = .745), (β = -0.051, P = .196), did not demonstrate a significant route relationship with attitude or 
satisfaction. The findings of this study demonstrate that there is no positive relationship between fitness enthusiasts’ attitudes and 
satisfaction with insect alternative food innovation, sports commitment, perceived risk, and their use of insect protein alternative 
foods. 

A significant route relationship was not observed between product innovation (β = .069, P = .668), sport commitment (β = − 0.042, 
P = .605), perceived risk (β = − 0.007, P = .992), or attitude (β = 0.939, P = .115). It shows that fitness enthusiasts’ product 

Table 6 
Results of a confirmatory factor analysis.   

Items Factor loading t value p value SMC AVE CR 

NI NI1 .736 19.705 .001 .542 .518 .762 
NI3 .756 20.425 .001 .572 
NI4 .663 17.271 .001 .440 

NC NC1 .650 15.897 .001 .423 .492 .743 
NC2 .682 16.776 .002 .465 
NC3 .767 19.041 .001 .588 

PR PR1 .774 19.749 .001 .599 .558 .790 
PR2 .807 20.649 .001 .651 
PR3 .652 16.482 .001 .425 

PV PV2 .657 17.488 .001 .432 .510 .757 
PV3 .745 20.584 .001 .555 
PV4 .737 20.291 .001 .543 

AT AT2 .720 20.155 .001 .518 .541 .779 
AT4 .767 21.923 .002 .588 
AT5 .718 20.096 .001 .513 

SAT SAT1 .777 22.594 .001 .604 .583 .807 
SAT2 .764 22.032 .001 .584 
SAT3 .749 21.465 .001 .561 

PI PI3 .768 21.677 .001 .590 .560 .792 
PI4 .699 19.066 .001 .489 
PI5 .776 21.988 .001 .602  

Table 7 
Model fitting index comparison results of CFA and CCLFM.  

Common indices χ2/df RMSEA GFI IFI CFI TLI SRMR 

Judgment criteria <3 <0.08 >0.9 >0.9 >0.9 >0.9 <0.08 
CFA Value 2.504 .049 .940 .959 .958 .948 .047 
CCLFM Value 2.278 .045 .965 .965 .965 .956 .050  

Table 8 
Validity test for discriminant analysis.   

NI NC PR PV AT SAT PI 

NI .873       
NC .403** .862      
PR .241** .106** .889     
PV .585** .286** .176** .870    
AT .539** .250** .166** .699** .883   
SAT .577** .364** .115** .696** .785** .898  
PI .548** .242** .119** .652** .706** .736** .890  

L. Ren et al.                                                                                                                                                                                                             



Heliyon 9 (2023) e20239

8

innovation, sports commitment, perceived risk, and attitude towards insect alternative foods and their willingness to consume insect 
protein alternatives do not have a positive causal relationship with their willingness to consume insect protein alternatives. 

5. Discussion 

The purpose of this study is to examine fitness enthusiasts’ purchase intentions for insect alternative foods. We analyzed seven 
explanatory variables derived from NI, NC, PV, PR, AT, SAT, and PI. These results provide a valuable reference for insect alternative 
foods as an alternative product to relieve pressure on the environment and food supplies. 

Fitness enthusiasts’ perceived value of adopting insect alternative foods products is associated with their satisfaction in a positive 
manner. This implies that fitness enthusiasts’ perception of the value of insect alternative foods products directly affects their satis-
faction with those products, which is consistent with the findings of [61]. The perception of value tends to have a positive effect on the 
satisfaction of customers [62]. A positive correlation exists between customers’ perception of organic food’s value and their satis-
faction [63]. This may be due to fitness enthusiasts’ perception that insect alternative foods are useful as a substitute for supplements, 
and can easily be recognized to some extent in terms of their quality, value, and utility, which reflects a high degree of satisfaction. 

An association exists between fitness enthusiasts’ perceptions of the value of adopting insect alternative foods and their attitudes 
toward them. The perceived worth of the subjects played a significant role in influencing their attitudes toward insect alternative foods 
[64]. also noted that perceived value and attitude affect consumer behavior, and fitness enthusiasts place great emphasis on these 

Fig. 1. Structural equation model.  

Table 9 
Adaptability of SEM  

Common indices χ2 df χ2/df RMSEA GFI IFI CFI TLI SRMR 

Judgment criteria   <3 <0.08 >0.9 >0.9 >0.9 >0.9 <0.08 
Value 430.684 173 2.490 .049 .938 .958 .958 .949 .047  
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concepts when choosing fitness products. According to Ref. [65], Zimbabwean insect users’ positive attitudes toward insect alternative 
foods were positively influenced by their nutritional and therapeutic benefits. The producers and operators should further examine 
their value positioning in order to improve the perception of value among consumers and create promotional strategies that maximize 
product quality and value awareness. 

A positive relationship exists between fitness enthusiasts’ perceived value of insect alternative foods and their intention to make a 
purchase. It was found that the results of this study were in agreement with the previous studies [38]. An important measure of 
participant willingness to purchase is their perceived value [66]. The perceived value of a product has a positive impact on the 
purchase intention of customers [67]. There is evidence that insect protein alternative foods have high nutritional value as well as 
environmental protection value. When fitness enthusiasts are made aware of the value of insect protein alternative foods, they will 
actively promote their willingness to purchase insect alternative foods for fitness purposes. Additionally, product developers should 
fully consider different user needs, both in terms of material selection and nutritional composition, in order to create products that are 
more valuable to users, thereby increasing their willingness to purchase them. 

The satisfaction with insect alternative food products and the intention to purchase them are positively correlated. According to the 
research results of [68] satisfaction is the most important factor in determining purchase intentions. It is well known that satisfaction 
has a significant impact on people’s purchase intentions [69]. Fitness enthusiasts have a high degree of satisfaction with insect protein 
alternative foods due to their comprehensive understanding of these foods, which leads to their willingness to purchase these foods. 
Therefore, customer satisfaction is closely related to the likelihood of making a purchase. 

Fitness enthusiasts’ satisfaction with insect alternative foods products and attitudes are positively related. By presenting insect 
alternative foods to the experiencers in the form of seminars [70], attempted to increase the satisfaction of the experiencers with their 
products. The results of the study significantly impacted the attitudes of the experiencers towards using insect alternative foods. The 
growth of the global population is driving a shift in the attitude toward insects as a source of dietary protein [71]. The meaning of this is 
that attitudes can also be improved through external factors such as marketing or promotional efforts. By introducing the benefits and 
positive aspects of a product or concept to people, it is possible to influence their attitudes more positively. Those interested in fitness 
believe insect protein alternative foods have significant advantages, such as high protein and environmental protection, are satisfied 
with the product itself, and then express a positive opinion of it. 

Fitness enthusiast adoption of insect-based products was not significantly related to innovation, commitment to sports, perceived 
risk, or attitudes toward purchase intentions. In contrast to previous findings [31], found that perceived risk inhibits purchase in-
tentions significantly [72]. found no significant relationship between innovation, perceived risk, and purchase intention for green 
products. The attitudes of Taiwan consumers toward organic food influence their purchase decisions [73]. In addition [74], found that 
sports commitment significantly impacts purchase intentions for products related to sports, which is also different from our findings. 

Neither fitness enthusiasts’ product innovation nor commitment to sports is positively correlated with their attitude toward and 
satisfaction with insect alternative foods. This may be due to the influence of other existing foods in the insect alternative food 
category, which reduces the subject’s innovative recognition of insect alternative foods [75,76]. Thus, product innovation does not 
have a significant impact on satisfaction and attitude. The factors affecting commitment to sports are diverse and complex, and even 
without fitness supplements, fitness enthusiasts will participate in fitness activities [77,78]. Additionally, we considered the effect of 
the subjects’ awareness of insect protein alternative foods, so market promoters may wish to emphasize the promotion of such 
products. The perception of risk does not significantly influence product satisfaction or user attitude, which may explain to some extent 
why insect alternative foods are likely to expand into new markets [79]. The majority of test subjects have no significant negative 
reactions to this type of product, despite some having a slight repulsion toward it. Furthermore, product packaging and designers face 
certain challenges, and designs that reduce users’ psychological aversions should be easier to accept. 

Product innovation, commitment to sports, perceived risk, and attitudes of fitness enthusiasts towards insect alternative foods 
products are not positively correlated with purchase intention. Unlike previous studies [80], found that perceived risk hindered 

Table 10 
Direct and indirect effects.  

Path Direct effect Indirect effect Total effect 

β B–C Sig. β B–C Sig. β B–S Sig. 

NI→SAT .046 .713 / / .046 .713 
NI→AT .031 .661 .044 .732 .075 .455 
NC→SAT .120 .112 / / .120 .112 
NC→AT − .157 .025* .114 .066 − .042 .181 
PR→SAT − .051 .196 / / − .051 .196 
PR→AT .041 .430 − .049 .187 − .008 .745 
PV→SAT .819 .020* / / .819 .020* 
PV→AT .088 .479 .782 .023* .870 .016* 
NI→PI / / .069 .668 .069 .668 
NC→PI / / − .042 .605 − .042 .605 
PR→PI / / − .007 .992 − .007 .992 
PV→PI / / .798 .005** .798 .005** 
SAT→PI .939 .115 / / .874 .008** 
SAT→AT .955 .016* .896 .103 .955 .016* 
AT→PI − .022 .905 / / .939 .115  
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purchase intention, and the perceived environmental risk was different from the perceived risk in this study. 

6. Conclusions 

According to this study, perceived value is one of the most important factors affecting the willingness of fitness enthusiasts to 
purchase insect alternative foods such as protein products. As a result of the positive value cognition associated with such products, it 
helps to improve the attitude and satisfaction of the users, which then constitutes a significant influence on their purchase intention. An 
important finding of the study was that perceived value had a direct impact on purchase intentions. A second important construct is 
satisfaction. Improved satisfaction can significantly improve fitness enthusiasts’ attitudes toward insect protein alternatives and their 
willingness to purchase them. There were, however, a few subjects who exhibited negative attitudes such as fear and rejection toward 
insect alternative foods, although the results were not statistically significant. Several strategies can be used to overcome this negative 
emotion, including effective contact with insects and the diversification of food processing techniques, the development of smaller 
molecules of insect alternative foods, and the optimization of packaging. 

6.1. Theoretical contribution 

A new structural equation model was developed in this study to verify the relationship path hypothesis of fitness enthusiasts’ 
purchase intentions and influencing factors for insect alternative foods protein products as fitness alternative proteins. In this study, we 
analyze the purchase intention of fitness enthusiasts for insect alternative foods in order to assess the current level of acceptance for 
such products among the general population. The information presented in this paper extends the theoretical framework of the factors 
influencing the purchase intention of insect alternative foods, and makes several contributions to the future diversification of food 
nutrition, the development of sustainable food systems as well as protection of the environment. Additionally, the use of insects as a 
food source may have cultural and social implications, given that it is more prevalent in some regions of the world than in others. 
Research on insect alternative foods contributes to our understanding of insects’ role in the food system and their potential benefits and 
challenges. Furthermore, this study contributes to the body of knowledge on the use of insects as a nutritional source of protein and 
may be used to inform future research. 

6.2. Practical implication 

Based on the results of this study, it provides a reference for high-protein supplements and offers suggestions for reducing food 
pressure. Two main conclusions can be drawn from this study: In the first place, fitness enthusiasts’ perception of insect protein al-
ternatives is positively correlated with satisfaction, attitude, and purchase intention. In the second place, this paper provides a link 
between product innovation and sports commitment. 

Ultimately, insect food can be a very useful substitute for traditional products. It is also viewed as one of the most effective ways to 
alleviate the huge food gap caused by population growth, as well as the sustainability of the environment. Although insects can convert 
feed into protein quickly, promoting protein quickly remains a major challenge. In the future, more researchers need to study insect 
alternative foods to help people overcome bad emotions and accelerate the adoption of insect alternative foods in mainstream diets. 
Insect protein alternative foods play a very important role in maintaining global food security. Alternatively, the production and 
promotion of these products can also result in a greater diversification of protein products, which may reduce consumer purchase costs 
and increase the choice of products available to them. Furthermore, it can save fitness enthusiasts’ fitness costs, which is also very 
valuable for improving fitness efficiency and reducing sports-related time commitments. 

7. Future research and limitations  

1. Limitations on the subject. It should be noted that the majority of respondents in this study are between the ages of 17 and 25 years 
of age, and it is possible to verify the effectiveness of the model in other areas. Further studies may be conducted in the future to 
determine the consistency of the causal relationship between the growth of age and experience with these findings.  

2. Research limitations. This study focuses on the willingness of fitness enthusiasts to consume insect protein alternative foods, and 
analyzes it with NI, NC, PV, PR, AT, SAT, PI, 7 explanatory variables. In the future, more influencing factors can be examined.  

3. Limitations of the product. There are few insect protein alternatives on the market at present, so many consumers have certain 
cognitive limitations. Since insect alternative foods have become increasingly popular in recent years, it is essential to revisit this 
model in the future with diversified products and full customer awareness. 
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