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Food safety has received unprecedented attention since the COVID-19 outbreak. Exploring food safety regulatory mechanisms in the context of cluster public crises is critical for COVID-19 prevention and control. As a result, using data from a food safety regulation survey in the Bei-jing-Tianjin-Hebei urban cluster, this paper investigates the impact of food safety regulation on the prevention and control of COVID-19. The study found that food safety regulation and cluster public crisis prevention and control have a significant positive relationship, with the ability to integrate regulatory resources acting as a mediator between the two. Second, industry groups argue that the relationship between regulatory efficiency and regulatory resource integration should be moderated in a positive manner. Finally, industry association support positively moderates the mediating role of regulatory re-source integration capacity between food safety regulatory efficiency and cluster public crises, and there is a mediating effect of being moderated. Our findings shed light on the mechanisms underlying the roles of regulatory efficiency, resource integration capacity, and industry association support in food safety, and they serve as a useful benchmark for further improving food safety regulations during the COVID-19 outbreak.
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Introduction

The number of foodborne disease incidents and patients in China increased by 1–2 times between 2012 and 2017, raising public concern about foodborne public crises prevention and management. This concern has been heightened by the COVID-19 outbreak (1, 2). One of the most important measures in the fight against the COVID-19 outbreak is food safety regulation, which is an important component of national governance systems (3). The government has prioritized the rationalization of various food safety regulatory inputs to reduce the spread of COVID-19 in the food and retail sectors during the 2019 corona-virus disease epidemic (4, 5). Despite evolving and improving regulations related to biosecurity, hygiene standards, disease surveillance, and monitoring methods (6), poor enforcement and a lack of control over wildlife food safety contributed to the outbreak and rapid spread of the initial COVID-19 outbreak (7, 8).

Keeping a close eye on food safety was one of the most effective ways to control the COVID-19 epidemic during the epidemic of the novel coronavirus (9, 10). As a result, consumer attitudes toward food safety have shifted, and the general public is becoming more concerned about, and trusting, government food safety information (11, 12). Although COVID-19 does not appear to be a foodborne disease, it has been linked to food in some outbreaks, which may have an impact on government food control practices (13–15). The COVID-19 outbreak has in-creased public awareness of food safety, hastening the dissemination of food safety related information, and has made it easier to prevent foodborne disease outbreaks (16, 17).

COVID-19 has had a significant impact on the global economy, with the restaurant and hospitality tourism industries among the hardest hit (9, 15). A more resilient food safety regulatory system is required to help the restaurant and tourism industries recover as quickly as possible (18), as well as to respond more effectively and appropriately to large-scale incidents (3, 19). Despite the low risk of COVID-19 transmission through food, government officials do not prioritize COVID-19 tracking in the workplace (20, 21). Therefore, A well-developed food safety system is critical to responding to the epidemic challenge (22). Examining the mechanisms by which food safety regulation works to combat cluster public crises can aid in the recovery of the commercial catering and food-related industries from the severe effects of COVID-19 while also contributing to social safety and stability (23).

Based on the foregoing, this paper may contribute to existing research in the following ways: First, this paper reveals the mechanism of the role of food safety on cluster public crisis prevention and control by analyzing the relationship between the efficiency of food safety regulation and the effectiveness of cluster public crisis prevention and control, providing a strong reference for the COVID-19 epidemic prevention and control. Second, previous food safety research has primarily focused on the role of the government as an administrative body, ignoring the role of market participants such as businesses and industries. This paper introduces industry association support indicators and proposes a food safety regulation model that works in tandem with the government and the market. Finally, traditional food safety research focuses solely on the development of a preliminary food safety regulatory system or the prevention and control of post-event outcomes, with no comprehensive analysis. This paper provides theoretical guidance for the prevetion and control of the COVID-19 epidemic, as well as a comprehensive evaluation system for food safety pre-regulation and post-control.



Literature review and hypothesis development


Food safety regulatory efficiency and public crisis prevention effectiveness

The efficiency of food safety regulation is defined as the ratio relationship between regulatory inputs and regulatory benefits (24, 25). The most common regulatory input elements are economic input indicators, technical support, safeguard measures, and administrative regulations (26–29). Furthermore, major relevant output factors are the product quality qualification rate, food company quality and safety compliance rate, and lastly, the public food safety awareness (30–32).

Regulatory funding intensity has a positive effect on regulatory efficiency improvement in terms of economic input, more specifically, the lower the output of foodborne diseases, the more efficient food safety regulation will be (33, 34). Regarding to technology, the use of emerging technologies can assist in the assurance of food safety and quality (35, 36). The primary goal of biometric technology and its application system is to control public health risks through physiological and behavioral identification (37). Accelerating the development of biometric technology and relevant application systems, on the one hand, can facilitate multiple parties working together in order to respond to public health emergencies. On the other hand, the development of biometric technology can also improve the development of national biosafety risk assessments (38). Collaboration among governmental authorities, scientific institutions, and the general public can improve regulatory effectiveness and create a “problem-oriented” food safety regulatory system which is capable of adapting to prior risk prevention model, and is advantageous in terms of security (39, 40). Establishing and improving regulations related to food production, transportation, and operation can effectively reduce food safety violations, strengthen social management and control of food safety crimes, and lastly, reduce the possibility of public food safety violations (39). Consequently, there is a significant positive relationship between the efficiency of food safety regulation and the effectiveness of preventing and controlling mass public crises. More specifically, the higher the efficiency of food safety regulation, the better the effectiveness of preventing and controlling mass public crises will be. Based on the preceding analysis, the following hypotheses are proposed.

Hypotheses 1: The efficiency of food safety supervision and the prevention and control of mass public crises are positively correlated.



The mediating role of food safety integration capacity

The abilities to identify opportunities, select partners, match resources, and manage risk are critical parts of the integration capability (41, 42). In addition, security technology is combined with current organizational integration capabilities (43). Furthermore, food safety information integration capabilities include demand identification, resource allocation, activity coordination, risk prevention, and control measure optimization (44). Therefore, food safety integration capacity includes several aspects such as regulatory requirements, resource allocation, coordination of participating actors, and optimization of risk prevention and control (45, 46). Financial assistance and incentives from the government and other foundations may inspire the interest of organizations governing food safety (41). In the meanwhile, food safety can achieve good governance only when the profits of law-abiding food producers and operators exceed the illegal income, similarly, when the illegal losses exceed the cost of following the law (47, 48).

As a result of technological advancements, the ability to integrate food safety resources has improved, lowering the risk of food safety incidents further (49, 50). However, the lack of corporate social responsibility and risk awareness, as well as backward processing technology, have made food safety supervision more difficult (51, 52). Therefore, it is critical to allow companies to participate in food safety supervision in order to make production process information more transparent, and further allowing continuous product quality improvement (53–55). Finally, all four dimensions of regulatory efficiency have a positive impact on food safety integration capacity. More specifically, increasing food safety integration capacity aids in the prevention of cluster public crises. Consequently, the following hypotheses are constructed.

Hypotheses 2: The ability to integrate food safety regulatory resources mediates the relationship between regulatory efficiency and cluster public crisis prevention and control.



The regulating role of industry association support

Since food safety is a highly complex issue involving multiple sectors, policies, as well as being clearly cross-border in its nature (56), industry associations should participate and support food safety activities (57). Food safety can only be governed effectively by integrating relevant government authorities, market, social forces, as well as communication mechanisms in order to form common goals, norms, action plans, and by recognizing and complying multiple parties (57–59). Hence, the active participation and promotion of industry associations play a critical role in improving the efficiency of food safety supervision (31, 60). Despite the fact that rural China has developed a diverse model of food security governance, this model is not yet well defined (61). If the government takes the lead without participation and promotion of industry associations, it is difficult for a pluralistic governance model to be established (62).

As regulatory efficiency improves, it becomes more important to regulate and improve food company integration (63). Consequently, the establishment of a dynamic food safety regulatory system will assist the government in tracking and assessing the self-regulatory behavior of food safety companies, as well as in timely adjusting regulatory strategies, improving regulatory efficiency (64). In addition to being driven by the government, these regulations necessitate the active participation and support of industry associations (65). External pressures on food companies to meet their food safety obligations can effectively reduce the food industry's regulatory burden (66, 67). Simultaneously, in some cases, reputational mechanisms, in addition to external pressures, can provide incentives for companies to provide safe and high-quality food (68). Building and maintaining a regional food reputation necessitates the ability to bring various producers' interests together (69). Therefore, increasing trade association organization is critical for improving regulatory effectiveness by integrating government resources and developing a flexible regulatory system (70). In other words, increasing the effectiveness of cluster public crisis prevention and control by leveraging the role of market players to improve food safety integration with the help of industry associations becomes more important. As a result of this, the following hypothesis is proposed.

Hypothesis 3: The support of Industry association moderates the relationship between regulatory efficiency and the ability to integrate regulatory resources.

Hypothesis 4: The support of Industry association positively moderates the ability to integrate regulatory resources and the prevention of public crises.

Industry associations' support provides the necessary assurances and creates a favorable regulatory environment (71, 72). Various regulatory efficiency mechanisms and specific initiatives increase the capacity for food safety regulatory integration, lowering the likelihood of cluster public crises (73, 74). The above-mentioned mediating role of food safety integration capacity, as well as the two-stage moderating role of industry association support, show that regulatory efficiency influences the effectiveness of cluster public crisis prevention and control via the mediating role of food safety integration capacity (75), an effect that is aided by industry association support (76). Therefore, in the pathway “regulatory efficiency—food safety integration capacity—cluster public crisis prevention,” the mediating effect of industry association support on food safety integration capacity is moderated (77, 78). As a result, the following hypotheses are proposed.

Hypothesis 5: Industry associations, through their ability to integrate regulatory resources, play a mediating role in positively regulating the impact of regulatory efficiency on cluster public crises.

We propose the following empirical research path model diagram (Figure 1).
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FIGURE 1
 Path diagram of the empirical study.





Research design


Study sample and data sources

This paper examines the impact of food safety supervision efficiency on the effectiveness of cluster public crisis prevention and control using 7-year input-output panel data from 2015 to 2021 across 32 districts in Beijing and Tianjin, as well as 11 prefecture-level cities in Hebei Province. Relevant data was collected and complied from the Food Safety Partnership, the Food and Drug Supervision Statistics Annual Report, the Health Commission of Hebei Provincial, the Health Commission of Beijing, and the Health Commission of Tianjin. Questionnaires were used to collect information on the variables of food safety integration, industry association support, and cluster public crisis prevention effectiveness.

The survey sample size was determined by random sampling and the process of its determination was as follows:

[image: image]

n represents the required sample size and Z represents the z-statistic at 90% confidence level (Z = 1.64). σ represents the standard deviation of the overall population and takes the value of 0.5. d is 1/2 of the confidence interval, which in practical terms is the tolerance error, or survey error. The final number of questionnaires placed was determined to be 269.

The survey results were 35 for Tianjin citizens, 56 for Beijing citizens and 49 for Hebei citizens. There were 22 staff members of the Tianjin Municipal Administration of Market Supervision, 37 staff members of the Hebei Provincial Administration of Market Supervision and 34 staff members of the Beijing Municipal Administration of Market Supervision. Twenty two postgraduate students in food science and safety engineering (11 for Ph.D. and 11 for M.Sc.). A total of 255 valid questionnaires were collected and 14 invalid questionnaires were returned, accounting for 5% of the invalid questionnaires and meeting the 90% confidence interval required for the survey. The main reason for the invalid questionnaires was that the survey population did not live in the Beijing-Tianjin-Hebei region for more than 30 days.



Relevant variable indicators and measurements

Independent variable: food safety regulatory efficiency. By analyzing the inputs and outputs of food safety regulation, the DEA model was used to analyse food safety efficiency, and the results of the analysis of food safety regulation efficiency were used as the independent variable to participate in the analysis model. The evaluation indicators of food safety regulatory efficiency were based on the evaluation indicators of Kokkinakis et al. (79) and Varzakas et al. (80), which were modified to take into account the availability of data. Considering that there does not exist a fixed function model between the input and output indicators of food safety supervision efficiency, and the DEA model effectively circumvents this problem by optimizing the process to determine the weights of input and output variables.

The evaluation indicators related to the efficiency of food safety supervision (as shown in Table 1) include two primary indicators of input and output. The input indicators include four secondary indicators: economic input, human input, safeguard measures and administrative input. Economic input directly reflects the importance attached to food safety regulation, which is reflected through financial investment and investment in technological research and development. Human input reflects the level of investment in food safety supervision, as expressed by the number of supervisors and R&D staff. Safeguarding measures reflect the investment in safeguarding food safety regulation, as measured by the number of honest food enterprises and the number of industry associations. Administrative inputs show the most direct government input into food safety, measured by the intensity of food sampling and food safety regulations. The output variable contains three aspects: food safety, public reaction and business operations. Food safety output is measured by the reporting of major food safety incidents and the passing rate of product sampling and inspection. Public response is measured by the number of foodborne illnesses. Business operation is expressed through the QS compliance rate of food enterprises.


TABLE 1 Food safety supervision efficiency evaluation index system.

[image: Table 1]

Charnes et al. (81) enriched the concept of multiple inputs and outputs proposed by Farrell (82) into the CCR model with constant returns to scale and the BCC model with variable returns to scale. For the study sample it is assumed that there are N decision making units (DUM), each of which has Z input variables Xi = (Xi1, Xi2, …, Xim), where iε[1, Z]. There are also W output variables Yj = (Yj1, Yj2, …, Yjm), where jε[1, W]. Since the underlying assumption of the C2R model is that the payoff to scale is constant, and in practice various factors can affect the efficiency of food safety regulation, the BCC model with variable payoff to scale, obtained by supplementing the CCR model with non-Archimedean infinitesimals, is chosen (81, 83).
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where xif, yif denotes the i-th input and j-th output of the f-th decision unit (DUMf), respectively. Similarly, xip, yip denotes the i-th input and j-th output of the p-th decision unit (DUMp), [image: image] is the residual variable, [image: image] is the slack variable, λp is the weight, υ is the non-Archimedean infinitesimal, and α is the pure technical efficiency. When TE = 1, that is, PTE = 1, SE = 1, the integrated technical efficiency (TE) in BCC is divided into pure technical efficiency (PTE) and scale technical efficiency (SE), TE = PTE × SE, and the decision unit (DUM) is effective. Because the DEA model for input-output indicators requires positive values, and economic input indicators are frequently large, the data are dimensionless to normalize them to the interval [0.1, 1], and equation (2) is used for data processing.
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Among them, mij = minxij, Mij = maxxij, y∈[0.1, 1], i∈(1, n).

The capacity for food safety integration is the mediating variable. The Vanpoucke et al. (84) scale was modified to assess food safety integration capacity. Seven distinct questions assess the government's ability to identify people's food safety needs, rationally allocate resources, coordinate the participation of various actors (for example, companies, schools, and individuals), and prevent and control foodborne illness.

The moderating variable—industry association support. The industry-supported measure is based on Nakku et al.'s (85) revised scale and consists of five questions designed to assess industry associations' awareness and involvement in food safety management (85).

Dependent variable—Effectiveness of cluster public crisis prevention and control. Christensen et al.'s (86) revised scale, which consists of seven questions designed to assess the effectiveness of the government's overall food safety prevention and control, is used to assess the effectiveness of cluster public crisis prevention and control (86).

Control variables-enterprise size and level of industry development. The scale and level of enterprise development are frequently linked to the integrity of food safety and the food safety measures implemented. Food safety may be valued differently by different types of businesses. Existing research indicates that the scale of enterprise development is positively correlated with the level of food safety management, implying that the larger the scale of enterprise, the greater the emphasis on food safety will be. The information was gathered from three regional statistics bureaus and included the number of food enterprises as well as the total value of the food industry in the Beijing-Tianjin-Hebei region. The level of development of an industry is frequently linked to the level of economic development due to its uniqueness, whereas the food industry is frequently linked to people's consumption levels.




Empirical results


Beijing, Tianjin and Hebei food safety supervision efficiency

The DEAP 2.1 software was used to measure the efficiency of food safety supervision in 43 urban areas in Beijing, Tianjin and Hebei from 2015 to 2019. CRS, VRS and SE denote comprehensive technical efficiency, pure technical efficiency and scale technical efficiency, respectively, and the ratio of CRS to VRS is SE.

As shown in Table 2, the combined technical efficiency CRS is the production efficiency of certain input factors, and is an evaluation of the combined ability of various aspects such as the ability to allocate resources and the efficiency of resource use (87). The average value of the combined technical efficiency for the seven years was 0.916, with only five regions reaching a combined technical efficiency of 1, i.e., effective regulation. Pure technical efficiency VRS is the efficiency brought about by the level of institutions and management, which is the productive efficiency due to factors such as management and technology. The mean value of pure technical efficiency for the 7 years is 0.926, which is relatively high, with only 7 regions reaching 1 in pure technical efficiency, accounting for 21.2% of the sample capacity. As pure technical efficiency largely reflects the level of regional management, regions whose development is already more mature and those in the rapid growth stage have stronger regulatory management capabilities. Examples include Beijing's Dongcheng and Xicheng districts as well as Haidian District; Tianjin's Heping and Nankai districts; and Shijiazhuang and Xiongan New Area in Hebei Province. Meanwhile, the scale efficiency SE reflects the influence of regional scale factors on regulatory efficiency; the mean value of the scale effect is 0.926 over the seven-year period, which is relatively high. In particular, Haidian District in Beijing, Heping District and Nankai District in Tianjin, and Shijiazhuang City in Hebei Province. In addition, Cangzhou City has the lowest overall technical efficiency and pure technical efficiency; meanwhile, Chengde City and Hengshui City have lower overall technical efficiency, pure technical efficiency and scale efficiency. This indicates that these three regions have improved their resource investment, systems and management capacity in food safety supervision, and the scale of regional development needs to be further improved.


TABLE 2 Efficiency of food safety supervision in cities and districts in Beijing-Tianjin-Hebei.
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Common method deviation analysis

In the process of empirical research based on questionnaires, questionnaire results frequently lead to common method bias due to a variety of factors such as subject source, questionnaire question characteristics, questionnaire content bias, and measurement environment bias. As a result, common method bias was examined for 255 questionnaires in this paper. In order to address how these biases impact research results effectively, this paper chose the potential error variable control method and constructed a factorial model to analyze common method bias as a variable of the model. In order to fit the model properly, this paper uses AMOS 24.0 software for common method bias analysis, and it is also necessary to set a qualification for the common method bias latent variable and set the variance of the common method bias latent variable to 1. The results are shown in Table 3. Root mean square of the residuals (RMR), which is the sum of the squares of the sample variances and covariances minus the corresponding estimated variances and covariances, and then the square root of the mean. RMR should be <0.08, the smaller the RMR, the better the fit. Root Mean Square Error of Approximation (RMSEA), which should be <0.06, the smaller the better. The Goodness of Fit Index (GFI), which ranges between 0 and 1, but can theoretically produce negative numbers that are not meaningful. As a rule, to accept the model, the GFI should be =/>0.90. The simple goodness of fit index, PGFI, is the simple ratio (PRATIO, the ratio of the degrees of freedom of the independent model to the degrees of freedom of the internal model) multiplied by the GFI. The PGFI should be =/>0.90, with the closer to 1 the better. Parsimonious goodness of fit index (PNFI), equal to PRATIO multiplied by NFI. the PNFI should be =/>0.90, the closer to 1 the better. Normative fit index (NFI), varies between 0 and 1, 1 = perfect fit. An NFI of <0.90 indicates that the model needs to be reset. Closer to 1 is better. Comparative fit index (CFI) with values between 0 and 1. When CFI close to 1 indicates a very good fit and a value above 0.90 indicates an acceptable model, the closer to 1 the better.


TABLE 3 Analysis of common method deviations.

[image: Table 3]

After adding the common method bias latent variable, the fit index of the model increased by 0.19 and the RMSEA index increased by 0.009, but CFI and NNFI decreased by 0.018 and 0.011, respectively, indicating that the fit index of the model did not improve and proving that there was no significant common method bias.



Reliability and validity tests

The reliability and validity of the questionnaire were evaluated using indicators of combined validity and factor loadings, while the structural validity was evaluated using validation factor analysis. Relevant results are shown in Table 4. The test of discriminant validity was evaluated using the square root of the latent variable AVE indicator and the correlation value between the latent variables.


TABLE 4 Reliability and validity tests of the questionnaire measurement scales.
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Table 4 shows that the combined reliability of food safety regulatory efficiency, regulatory resource integration ability, industry association support, and public crisis prevention and control effect is 0.881, 0.894, 0.811, and 0.8, which are all >0.7. The AVE values for latent variables are 0.769, 0.723, 0.593, and 0.719, all of which are >0.5. Cronbach α's coefficients for the four latent variables were all >0.7: 0.893, 0.937, 0.767, and 0.919. In the meantime, the square root of the AVE of the four latent variable points in Table 5 was greater than their correlation coefficients with one another, indicating that the measurement scale was reliable and valid.


TABLE 5 Mean, variance and square root of AVE for latent variables.
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Hypothesis testing

Table 6 displays descriptive statistics, including means, standard deviations, and correlation coefficients, for the four variables of food safety regulatory efficiency, regulatory resource integration capacity, industry association support, and public crisis prevention and control effectiveness.


TABLE 6 Means, standard deviations and correlation coefficients.

[image: Table 6]

Between food safety regulatory efficiency and food safety resource integration capacity, a significant positive correlation (R = 0.659, P < 0.01) was discovered. A significant positive correlation (R = 0.607, P < 0.05) was discovered between regulatory resource integration capacity and public crisis prevention and control effect. f Food safety regulatory efficiency had a significant positive correlation with public crisis prevention and control effect (R = 0.681, P < 0.01), as well as a positive correlation with industry association support (R = 0.268, P < 0.05). The positive correlation between food safety supervision efficiency and industry association support (R = 0.268, P < 0.05) shows that industry associations play a minor role in food safety supervision in the Beijing-Tianjin-Hebei region, and that the government continues to dominate the system. There is a positive correlation between supervisory resource integration ability and industry association support (R = 0.501, P < 0.1); there is a positive correlation between industry support and public crisis prevention and control effect (R = 0.612, P < 0.01). Table 7 displays the results of stepwise regression hypothesis testing performed using SPSS24.0 software to validate the research hypotheses.


TABLE 7 Stepwise regression results.
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To test the relationship between food safety regulatory efficiency and the effectiveness of cluster public crisis prevention and control, a regression was conducted with the effectiveness of public crisis prevention and control as the dependent variable and the industry development level and enterprise size as the independent variables. Model 4 displays the outcomes. Meanwhile, model 5 adds the independent variable of food safety regulation efficiency based on model 4, and the regression results show that food safety regulation efficiency has a significant positive effect on public crisis prevention and control (α = 0.461, P < 0.05). Therefore, the hypothesis 1 was proved correct.

The dependent variable-public crisis prevention and the independent variable-food safety supervision efficiency are used to test the mediating effect of regulatory resource integration ability. The results are shown in Model 5, with a coefficient of food safety supervision efficiency of 0.461 (P < 0.05). Secondly, regulatory integration ability is the dependent variable, while the independent variables are industry development level, enterprise size, and food safety supervision efficiency. Models 1 and 2 both display the results. Model 1 results show that, with coefficients of 0.138, P < 0.1 and 0.201, P < 0.05, respectively, industry development level and enterprise size can effectively explain Model 1. Simultaneously, the efficiency of food safety supervision has a significant positive impact on the ability to integrate supervision resources (α = 0.371, P < 0.05). Finally, the dependent variable is the effect of public crisis prevention, while the independent variables are the efficiency of food safety supervision and the ability of supervision resource integration. Model 6 displays the outcomes. Food safety supervision efficiency has a significant positive effect on public crisis prevention, with a coefficient of 0.403, which is significant at the level of 0.1. The ability to integrate regulatory resources has a positive impact on the public crisis prevention effect (α = 0.371, P < 0.05). When the results of Model 5 and Model 6 are compared, the significance level of food safety supervision efficiency decreases, as does the coefficient value (0.461 > 0.403). As a result, hypothesis 2 is supported: the impact of food safety supervision efficiency on the prevention and control effect of public crises is mediated in part by the ability of supervision resources to integrate.

Model 3 shows the regression of regulatory resource integration ability as the dependent variable and the independent variables of industry development level, enterprise size, food safety regulatory efficiency, industry association support, and the interaction term of food safety regulatory efficiency and industry association support, as well as the interaction term of food safety regulatory efficiency and industry association support, to test the moderating effect of industry association support. Model 3 displays the outcomes. There is an interaction term between food safety regulatory efficiency and industry association support. Model 3 demonstrates that the interaction term of food safety regulatory efficiency and industry association support has a significant positive effect on the ability to integrate regulatory resources (α = 0.115, P < 0.1), indicating that the positive moderating effect of industry association support on food safety regulatory efficiency and the ability to integrate regulatory resources is significant and hypothesis 3 is supported. The dependent variable was the public crisis prevention and control effect, with the independent variables being the industry development level, enterprise scale, regulatory resource integration capability, industry association support, regulatory resource integration capability, and industry association support interaction terms. Model 7 displays the results of the regression after it has been run. The interaction term supported by regulatory resource integration capabilities and industry associations has no effect on the public crisis prevention effect (α = 0.068, P > 0.1). The fourth hypothesis has yet to be proven. The objective facts are also consistent. In China, the government currently controls the majority of food supervision. In the integration of supervision resources, the government is the primary body. At the same time, relevant food industry associations in my country are still in their infancy, with little impact on the integration of supervision resources. We examine the mediation effects supported by various levels of industry associations using the process plug-in in SPSS24.0 to test hypothesis 5. The results of verifying the mediation variable's effect size and significance level are shown in Table 8.


TABLE 8 Mediation effects at different levels of industry association support.
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The results show that food safety supervision efficiency has a significant positive impact on the prevention and control effect of public crises via supervision resource integration ability (α = 0.143, P < 0.01), with a confidence interval of 0.95 [0.091, 0.221] under high levels of industry association support (α = 0.143, P < 0.01). When industry association support is low, the impact of food safety supervision efficiency on the prevention and control effect of public crises through the ability of supervision resource integration is not significant (α = 0.077, P > 0.1), and the confidence interval of the indirect effect is 0.95 [0, 0.109]. Simultaneously, with a 0.95 confidence interval of [0.006, 0.078], the difference in indirect effects supported by industry associations at various levels reached significance (α = 0.052, P < 0.05). As a result, strong industry support will moderate the ability of regulatory resources to integrate, resulting in a moderated mediation effect. Hypothesis 5 has been verified.



Robustness tests

This paper examines 255 questionnaires and food safety supervision input and output data from the Beijing, Tianjin, and Hebei regions separately to test the robustness of the research model, with the results shown in Table 9. In comparison to Table 6, the model in the significance level of the verification of the results for the change, only in the specific value of the change size. As a result, both the research sample and the model in this paper are extremely robust.


TABLE 9 Robustness test results.
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Discussion


Theoretical contribution

The audience will gain a better understanding of the effectiveness of food safety regulations and the prevention of large-scale public safety crises as a result of the findings. The improvement of administrative legislation and enforcement, as well as the related policy effects, are intuitively reflected in food safety regulation (4, 8, 20, 28, 47). As a result, previous research has concentrated on evaluating food safety regulation policies, administrative legislation, administrative enforcement, and law enforcement. While there has been less research on specific factors such as the social benefits of food safety regulations, infrastructure, technological progress, factor accumulation, institutional environment, talent attractiveness, economic scale, and regional heterogeneity, there has been some (10, 54, 68, 74, 78). Existing research primarily concerned with the social benefits of cities that have well-developed food safety supervision, with few studies focus on how to establish a food safety supervision system suitable for national development which can alleviate existing constraints and improve the ability to prevent mass public crises. In order to be consistent with this new research direction, our research broaden the scope of the discussion to include the development history of the food safety regulatory system (3, 11, 26, 67, 74). This study also combines the efficiency of food safety supervision in the Beijing-Tianjin-Hebei region with academic research on mass public safety crises. The DEA model is used to measure food safety supervision efficiency and test the effect of food safety supervision efficiency on the prevention and control of mass public crises empirically based on the calculation results.

Secondly, our findings emphasize the importance of promoting food safety oversight. According to previous research on the construction of a food safety supervision system, the impact of food safety supervision on mass public safety crises is reflected in the synergy and trade-off relationship between different entities to encourage the development of food safety supervision (28, 49, 59). In this article, we concentrate on various elements that affect food safety supervision since they are critical for maximizing the food safety supervision system's effectiveness in preventing mass public crises. Our research highlights the significance of regulatory efficiency, industry support, and the ability to integrate regulatory resources, and then deftly uncovers their mechanism for mass public crises, and lastly, promote mass public crisis governance through these mechanisms. This study explains the key aspects of the efficiency of food safety supervision and provides an effective reference for responding to the COVID-19 epidemic.



Practical contribution

Regulatory efficiency enhancement and improvement are carried out in a differentiated manner in response to regional differences in food safety regulatory efficiency. The three regions can increase resources invested in food safety supervision, improve regional management capacity, and expand the scale of regional development to compensate for deficiencies in comprehensive technical efficiency, pure technical efficiency, and scale efficiency in Chengde City, Cangzhou City, and Hengshui City. We can increase investment in food safety supervision resources, such as human, material, and financial resources, to address deficiencies in comprehensive technical efficiency in Beijing's Huairou District, Tianjin's Wuqing District, Handan City, Zhangjiakou City, and Langfang City in Hebei Province.

Enhance your ability to integrate regulatory resources for food safety. In terms of resource integration capacity, regulatory authorities should be kept up to date on new food safety regulations on a regular basis. Rational allocation of regulatory resources, thereby optimizing risk prevention and control measures for food safety. Furthermore, to raise awareness of food safety prevention and control, as well as to coordinate food production enterprises' safety activities.

Increase the importance of industry associations as a source of assistance. On the one hand, industry associations should align their goals with those of the general public in order to align common food safety objectives; on the other hand, they should broaden the scope and influence of their food safety services in order to let the general public enjoy the results of their efforts. Industry associations, in the meanwhile, should pay more attention to food safety and participate more proactively in food safety activities, as their participation can help with food safety regulation and cluster crisis prevention, more specifically, they can help with the rational planning and design of regulatory systems and processes, provide a good environment for food safety management, and contribute to the regulation of the entire regulatory system. Integration capabilities are extremely useful.



Limitation and future research

Some of the limitations of this paper also provide new directions for future research to be carried out. On the one hand, in the support of industry food safety regulatory resources and trade associations, a questionnaire survey was used. However, due to the limitations of the survey sample, the assessment of the results of this item may be somewhat inaccurate in relation to reality. Future research will need further evidence from a quantitative perspective using statistical methods. On the other hand, in terms of the efficiency of food safety regulation and the prevention of cluster public crises, our study uses statistics for the Beijing-Tianjin-Hebei region for the period 2015–2021. However, the Beijing-Tianjin-Hebei region, being the most developed region in China, is at a high level of economic development and technology in China, while the more backward regions are not covered in our sample.




Conclusion

Based on the actual situation of food safety regulatory inputs and outputs in the Beijing-Tianjin-Hebei region, this paper explores the impact of food safety regulatory efficiency on the prevention and control of mass public crises, using the ability to integrate regulatory resources as a mediating variable and the support of industry associations as a moderating variable, and draws the following conclusions.

The efficiency of food safety regulation has a significant positive impact on the effectiveness of cluster public crisis prevention and control, with the ability to integrate regulatory resources playing a mediating role in the process. The power from the government and all sectors of society will promote the development of food safety regulation, creating good basic conditions for the prevention and control of major public crises. The rational allocation and coordination of regulatory resources is important for the prevention and control of major public crises, and can effectively improve the effectiveness of the prevention and control of public crises.

Industry associations support a positive relationship between the ability to integrate regulatory resources and the effectiveness of preventing and controlling mass public crises. In the process of food safety regulation, the stronger the support of industry associations, the more significant the contribution of regulatory resource integration to the prevention and control of mass public crises. The degree of attention and participation of food industry associations in food safety regulation can create a favorable environment and conditions for the prevention and control of mass public crises. The support of trade associations can help to improve the level of matching of regulatory resources with regulatory capacity, thus significantly improving the level of prevention and control of major public crises. The higher the level of support from industry associations, the stronger the mediating effect of the ability to integrate regulatory resources.
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