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ABSTRACT 

 

Regulatory Oversight and the Food Safety of Ground Beef in the National School Lunch 

Program. 

Michael Ollinger 

And 

Jim Wilkus 

 

This paper examines the impact of food safety standards imposed on suppliers of ground beef to 

the National School Lunch Program by the Agricultural Marketing Service. Probit regression 

results show that plants approved by AMS that bid on contracts to supply the NSLP had a higher 

level of food safety performance than both plants approved by AMS but not bidding on NSLP 

contracts and other plants regulated by the Food Safety Inspection Service.  Plants approved to 

bid on NSLP contracts but not bidding on contracts had a lower level of food safety performance 

than both other types of plants. Results after 2009 suggest that differences in food safety 

performance may have narrowed.  The paper also provides some evidence of strategic behavior 

by plant managers in which they use information about their plant’s food safety performance to 

decide whether to bid on a contract to supply the NSLP. 
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Regulatory Oversight and the Food Safety of Ground Beef in the National School Lunch 

Program.  

 

A series of articles questioning the food safety of ground  beef supplied to the National School Lunch Program 

(NSLP) appearing in USA Today and other media publications in 2009 and 2010 generated concern about the safety 

of ground beef served in schools.   The controversy led the Federal agency that buys and regulates the 

production of meat and poultry used in the NSLP – the Agricultural Marketing Service (AMS) --

to strengthen food safety testing standards and process control requirements that they had 

promulgated earlier.  Both the new and the existing standards were stricter than those required of 

all meat and poultry plants by the Food Safety Inspection Service (FSIS), which regulates meat and 

poultry food safety for the general public.  

A committee of experts organized by National Academy of Sciences (2010) to evaluate 

the AMS food safety program criticized AMS regulations for a lack of scientific evidence, 

overuse of expert opinions, excessive testing as a way to maintain process control, and requiring 

plants to discard meat that does not meet AMS standards.  Despite these concerns, there have not 

been any economic analyses of AMS regulations.  The purpose of this paper is to fill that void by 

examining the effect of AMS regulations on food safety performance.  Results have implications 

for both AMS food safety regulation and private standards imposed on meat suppliers by 

restaurants, grocery stores, and other large meat buyers. 

AMS acts like other large meat buyers, such as fast food   restaurants and grocery stores, 

in imposing its own standards on its suppliers.  Suppliers to large buyers comply with the private 

purchasing standards in exchange for a price premium over spot market prices and guaranteed 



2 
 

production runs (Ollinger and Mueller, 2003).  Presumably, suppliers to the NSLP also earn a 

price premium over the spot market price because, otherwise, suppliers would not undergo the 

scrutiny they undergo being a supplier to the NSLP. This extra scrutiny includes a food safety 

audit, additional process control practices, more testing, and disposal of products not  meeting 

AMS standards.  

The cost of food safety regulations has been of interest to economists and policy-makers 

for many years.  Ollinger and Moore (2009) and Muth (2007) have found that food safety 

regulations imposed on plants by FSIS affect food safety performance.  Antle (2000), Ollinger 

and Mueller (2003), and others found that food safety regulation is costly.   

In this paper, we use probit analyses to examine how plants subject to both AMS and 

FSIS regulation performed on Salmonella tests compared to plants inspected only by FSIS.  We 

expect no difference in performance between AMS and FSIS plants that just meet the FSIS 

Salmonella standard because all plants must satisfy a testing protocol of meeting the FSIS 

standard.  However, we expect plants approved by AMS to supply the NSLP (AMS-approved 

plants) to have superior performance for stricter testing protocols in which the dependent 

variable is defined as one-half, one- fourth, and one-tenth the allowed share of samples testing 

positive for Salmonella.  We consider three types of plants:  plants that are approved by AMS but 

do not bid on NSLP ground beef contracts, plants that are approved by AMS and do bid on 

NSLP ground beef contracts, and plants that are not approved by AMS to supply the NSLP. 

 

Background 

 

Grinders: 
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The meat grinding process involves grinding different cuts of boneless slabs of beef with 

different fat contents into small pieces and then blending it together to obtain an optimal level of 

meat and fat.  The ground meat is then packaged and shipped to buyers.  This process has no kill 

step that can be used to control pathogens, but grinders also do not have to separate potentially 

contaminated materials, such as hides, from the meat, making a pathogen kill step unnecessary 

unless the raw meat inputs are contaminated or plant sanitation and process control are 

inadequate. 

  Grinders achieve food safety by buying meat from a reliable source and then adhering 

diligently to cleaning and sanitation practices and operating procedures that prevent harmful 

pathogens from growing on contact points on a production line.  Failure to buy meat free of 

pathogens or inadequate cleaning and sanitation can lead to the production of ground beef 

contaminated with pathogens.  This threat to human health has encouraged both AMS and FSIS 

to mandate food safety regulations and monitor food safety performance. 

  

Food Safety Inspection Service Food Safety Regulations  

 

FSIS and its antecedent agencies have regulated meat and poultry food safety since Congress 

mandated in 1906 that plants follow hygienic meat processing practices. Congress greatly 

expanded this authority under the Wholesome Meat Act (WMA) and the Wholesome 

Poultry Products Act (WPPA) of 1967 and 1968. Among other provisions, the WMA, WPPA, 

and the subsequent regulations established Standard Sanitation Operating Procedures (SSOPs) 

that required plants to perform a number of tasks to be performed either during plant operations, 
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such as knife cleaning, or at the beginning or end of a shift, such as equipment disassembly and 

cleaning.  FSIS also has a number of regulations dealing with maintaining facilities, cooking 

times and temperatures, preparation of fermented, smoked, and other processed products, and 

others. (See Ollinger and Mueller (2003) for further discussion.) 

FSIS expanded its regulatory authority when it put forth the final Pathogen Reduction 

Hazard Analysis Critical Control Point (PR/HACCP ) rule on July 25, 1996. The Agency 

completely phased in the regulation by January 31, 2000. Among other provisions, the rule 

required plant managers to develop and implement HACCP process control programs for each 

product.  FSIS must approve these plans and must also verify that plants perform all tasks 

specified in the HACCP plan.  Inspectors also verify performance of SSOPs. 

PR/HACCP also requires slaughter plants to test for generic E. coli and slaughter plants 

and ground meat and ground poultry plants to comply with a Salmonella standard. Robert  

Umholtz (personal communication on June 21, 2000) indicated that, under the Salmonella testing 

program, FSIS randomly selects plants for testing from a pool of plants that are not undergoing 

testing and evaluates their performance on Salmonella tests.  Ground beef plants must have 

fewer than 6 of 53 samples test positive for Salmonella spp. over a test period that depends on 

the frequency of production runs to meet the standards.  If a plant meets the standard, testing is 

completed.  If the number of samples testing positive for Salmonella exceeds the maximum 

allowed number, then the plant must alter its process controls and submit to a second round of 

testing (“B” set).  Failure to meet the Salmonella standard after the “D” set can be a contributing 

factor to the suspension of inspection services, which results in plant closure.   
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Aside from the PR/HACCP rule, FSIS prohibits detectable levels of E. coli O157:H7 and 

Listeria monocytogenes, two human pathogens, and excessive levels of Salmonella spp.  FSIS 

monitors compliance to protect public health.  

 

Agricultural Marketing Service Regulation 

 

AMS is the USDA agency responsible for purchasing meat and poultry for the NSLP.  It requires 

suppliers to the NSLP to meet product quality standards, such as fat content, and food safety 

standards that are stricter and in addition to those required by FSIS.  Stricter food safety 

standards for food consumed by children is necessary because children are more vulnerable to 

foodborne illnesses (Young 2005).  

Suppliers must meet all AMS standards and be in good standing with FSIS regulation to 

be eligible to bid on a contract.  AMS mandated food safety standards, such as frequency of 

pathogen testing and tolerances, are updated periodically and are listed in the Technical 

Requirement Schedule (TRS).  Prospective ground beef suppliers are required to submit a 

technical proposal documenting their production process and how they handle each performance 

requirement listed within the TRS. They must also pass an audit proving that all AMS 

manufacturing, packaging, sampling, and testing requirements have been met.  

 AMS requirements became more demanding than those mandated by FSIS in the early 

2000s.  Starting with the 2003-2004 school year, AMS has required the testing for Salmonella 

and E coli O157:H7 and established formal process controls that required suppliers to document 

their food safety procedures.  By 2007, AMS had also required slaughter plants that supply raw 

meat to AMS-approved grinders to meet AMS and FSIS standards, mandated additional process 
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controls, and established tolerances for Generic E coli, standard plate counts, and total coliforms.  

These organisms are primarily indicator organisms that imply that fecal or other contamination is 

present and that a process is out of control.  AMS further updated its standards with the July 

2010 Technical Requirements Schedule for ground beef and the 2010 Statement of Work.  At that 

time, they established a tolerance for   Staphylococcus aureus and adopted testing protocols 

similar to those used by fast food restaurants and other large meat buyers. 

AMS product disposal policies are much stricter than those of FSIS.  By 2010, AMS 

required plants to dispose of products testing positive for E coli O157:H7 or Salmonella spp. and 

prohibited plants from supplying the NSLP with products that exceed their tolerances for 

Generic E coli, total coliforms, Staphylococcus aureus, and a Standard Plate Count.  FSIS, on the 

other hand, allowed plants to sell product that tested positive for E coli O157:H7 to the public if 

the plant first cooked it.  FSIS maintains no product disposal requirements for other products.  

FSIS does test for Salmonella spp and requires plants to tests their own products for generic E 

coli but allows plants to ship products as long as they try to regain process control. 

 

Economic Framework 

 

Antle (2000) provides an economic framework of meat production in which food safety and meat 

products are jointly produced.  In that framework, the factor prices of labor and meat affects 

quality control and food safety quality control and factor prices affect production costs.  Other 

researchers (Starbird, 2005; Muth et al, 2007; Ollinger and Moore, 2009) focus on the 

effectiveness of food safety practices, procedures, and technologies.  Muth et al. (2007) and 
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Ollinger and Moore (2009) empirically examined food safety interventions and characteristics 

that directly affect safety. 

Food safety should be considered in the context of how it affects operating efficiencies if 

the cost of the intervention is of primary interest.  However, we are examining the effectiveness 

of an intervention (AMS food safety regulation) in providing food safety.  Thus, follow an 

approach similar to Muth (2007) and Ollinger and Moore (2009).  We model the production of 

food safety (S) as a function of inputs of labor devoted to food safety (L), boneless beef food 

safety quality (M), plant capital (K), plant technology (t), and AMS food safety regulation for 

plants supplying the National School Lunch Program (R).  It is also necessary to control for 

characteristics (Z). 

 

(1)   Sit = S(Lit, Mit, Kit, tit, R, Z) 

 

AMS requires all plants that supply cattle carcasses and boneless beef to NSLP suppliers of 

ground beef to be in compliance with FSIS testing protocols and regulations and be approved for 

by AMS.  Thus, the meat food safety variable in our model (Mi,t) can be dropped because it must 

meet a high standard that does not vary across plants and cannot explain differences in food 

safety process control.  After dropping meat food safety, we have the following model:   

in
n

nj
j

ji
i

ii RZtKLFS   0)2(  

Food safety performance (FSi)   is defined by how well plants perform on Salmonella  

tests administered by  FSIS.  Under this program, a plant must meet a tolerance of no more than 

5 of 53 samples testing positive for Salmonella.  This has been briefly described above.  For 
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more discussion, see Ollinger and Mueller (2003) http://ers.usda.gov/publications/aer-

agricultural-economic-report/aer817.aspx. 

A plant undergoing FSIS’s Salmonella testing either passes or fails the test.  If a plant has 

no positives or 5 positives out of 53 samples, it passes the test.  Similarly, if a plant has 6 

positives or 10 positives, it fails the test.  This binary response leads us to specify a binary choice 

regression defined as one if the plant meets the standard and zero otherwise.   

 Labor devoted to food safety is reflected in the performance of Standard Sanitation 

Operating Procedures (SSOPs) and the tasks needed to implement HACCP process control 

programs.  Both SSOPs and HACCP tasks are mandated under PR/HACCP and are monitored 

by FSIS.  There are two types of SSOPs – operational and pre-operational tasks. Operating tasks 

are those duties performed during production, such as periodically cleaning knives.  Pre-

operational SSOP tasks may include line cleaning and sanitizing at the end or beginning of the 

production day.   Ollinger and Moore (2009) found that better performance of SSOPs and 

HACCP tasks improved performance on Salmonella tests. 

Plant capital is captured by plant size.  Muth et al, (2007) and Ollinger and Moore (2009) 

found that plant size has a positive impact on food safety in cattle, hog, and chicken slaughter.  

Plant capital is measured by the number of employees at the plant (EMP_PLANT).   

Muth et al. (2007) also found that two aspects of plant technology -- age and production 

of ready-to-eat products -- affected Salmonella levels in hog and chicken slaughter plants.  Thus, 

variables for age (AGE_2000) and whether the plant further processes some meat (PROCESS) 

were included in the model.   We also account for whether the plant produces mainly raw meat 

products (PACK_PLANT) and isolate plants owned by firms that own other plants with the 

dummy variable for firms owning multiple plants (MULTI).   

http://ers.usda.gov/publications/aer-agricultural-economic-report/aer817.aspx
http://ers.usda.gov/publications/aer-agricultural-economic-report/aer817.aspx
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  The AMS regulatory variable is of primary interest and distinguishes ground beef 

producers that supply the NSLP from other plants.  The stricter standards imposed on ground 

beef suppliers by AMS should result in a higher level of food safety.  There may be an 

improvement in food safety performance after 2009 if the new regulations introduced by AMS at 

that time had an impact on food safety performance.   

There are two variables that identify AMS regulatory activities.  APPRUV identifies 

plants approved by AMS to supply ground beef to the NSLP (AMS-approved plants).  These 

plants must also satisfy FSIS requirements.  Plants not selling meat to the NSLP (FSIS-only 

plants) must meet only FSIS standards.  If AMS has stricter food safety regulations than FSIS 

and if they are effective, then AMS regulation should have a positive impact on the probability 

of exceeding the FSIS Salmonella tolerance.    YEAR_2010 captures changes in performance 

after 2009.  The interaction of YEAR_2010 with APPRUV should be positive if the changes to 

AMS regulatory requirements led to better food safety performance of plants approved to supply 

the NSLP after 2009.  Note, that AMS food safety regulations were not updated until the middle 

of 2010.  We use the beginning of the year because negative media coverage about the AMS 

food safety program occurred in 2009. 

 

Data 

 

The data are a pooled dataset of all ground beef plants whose products were tested for 

Salmonella by FSIS over 2006-2011. The Salmonella data, SSOP and HACCP compliance data, 

and some plant characteristics come from FSIS administrative data.  The FSIS administrative 
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data include the type and number of animals slaughtered, estimates of ground beef production 

and plant size in square feet, name and address information, and when a plant began operation.   

Dunn and Bradstreet data were used to identify the number of employees at the plant 

level, business activities at the plant, and whether the plant is part of firm that has more than one 

plant.  The data also include sales, a subsidiary indicator, a manufacturing indicator, a small 

business indicator, a public/private indicator, square footage of the plant, major industry 

category, line of business, US 1987 SIC 1, US 1987 SIC 2, and US 1987 SIC 3, a primary 

activity code, and some financial variables. . 

We used data from the AMS website to identify AMS-approved plants.  The AMS 

website indicates the names of all plants bidding on contracts to supply ground beef to the NSLP.  

The AMS website also identifies the winning bidder, the type of product, how much meat will be 

supplied, and the prices. 

The empirical definitions of the variables and their means are given in table 1.  The table 

shows that AMS-approved plants are more likely than other plants to be a packing plant and are 

larger, and have more recently obtained a meat grant.  Surprisingly, AMS-approved plants are 

also less likely to have met the FSIS Salmonella tolerance or one-half, one-fourth, or one-tenth 

the Salmonella tolerance.  AMS-approved plants also had a higher share of meat samples testing 

positive for Salmonella than other plants.  Additionally, AMS-approved plants perform worse on 

HACCP tasks and SSOPs 

 

Estimation Procedures 
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The variable FSi   is a binary variable that we change in meaning across a suite of regressions in 

order to see how regulated plant food safety performance changes at different levels of 

regulatory stringency.  In one regression, FSi equals one if the plant passed FSIS testing and zero 

otherwise.  In three other regressions it is defined as one if the plant has Salmonella test results 

equal to one-half, one-fourth or one-tenth of the Salmonella tolerance.  AMS-approved plants 

should perform no better than FSIS-only plants for a testing protocol equal to the FSIS 

Salmonella tolerance since all plants must meet this standard.  However, AMS-approved plants 

should have superior food safety performance to FSIS-only plants for more stringent food safety 

testing protocols, such as one-half or one-tenth of the FSIS tolerance. 

We used a probit regression to empirically examine the regressions because the 

dependent variable is a simple binary variable, i.e. either pass or fail.  Plants can supply the 

NSLP if they meet the standard and cannot supply the NSLP if they don’t meet the standard.  

The data are panel data, suggesting that both autocorrelation and heteroskedasticity could bias 

the results.  We used a Wooldridge test for autocorrelation to evaluate autocorrelation. 

A Woodridge test is typically used to examine continuous data and not binary data.  

There are no tests for autocorrelation in probit models, perhaps because, as Beck, Katz, and 

Tucker (1998) argue, autocorrelation cannot be detected in probit models.  Thus, results of the 

Woodridge test are used as evidence but not as proof of an absence or presence of 

autocorrelation.  The Woodridge test rejects autocorrelation at the 99 percent level of 

significance for all models and at the 95 percent level for models in which the dependent variable 

is defined as one-half or one-tenth the FSIS Salmonella tolerance.    
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Beck and Katz (1997) use Monte Carlo simulations to show that probit analyses may 

underestimate standard errors in time series data.  Beck, Katz, and Tucker (1998) obtain accurate 

standard errors using duration dependence techniques to account for underestimated standard 

errors for panel data extending over a long time period (30 periods in their analysis) and with 

little or no change in the dependent variable.   

Our data are panel data with a temporal component that, on average, is less than 2 periods 

long and the dependent variable changes its value, making a duration dependence model 

inappropriate.  Instead, we use a Huber sandwich approach to adjust for autocorrelation.  Beck 

and Katz (1997) argue that this method corrects for most of the error in the standard error if there 

is autocorrelation and does not affect results if there is no autocorrelation. 

We also tested our model for heteroskedasticity since plant size varies substantially 

across plants.  A log-likelihood test rejects the null hypothesis that the model is homoscedastic 

for two models -- one-fourth and one-tenth the Salmonella standard, leading us to adjust those 

two models for multiplicative heteroskedasticity in plant size.  

 

Results 

 

Table (2) shows the impact of the model on four measures of food safety performance: equal to, 

and one-half, one-fourth, and one-tenth of the Salmonella tolerance.  Results show that all 

models are significant and that (1) large plants and packing plants were less likely to outperform 

the standard for the most stringent standard, (2) plants owned by multi-plant firms were more 
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likely to outperform the two least stringent standards, and (3) results for HACCP tasks and 

SSOPs were positive and significant in seven cases and positive in all cases. 

Of particular interest are the results for AMS-approved plants.  Table 2 shows that AMS-

approved plants performed worse, on average, on Salmonella testing than did other plants.  The 

coefficient is not significant.  The interaction of being an AMS-approved plant and the variable 

for time after 2009 is negative in the three most stringent cases, but positive and significant in the 

least stringent case.    

The weak negative-relationship between AMS-approved plants and performance on 

Salmonella testing is unexpected but it consistent with the data presented in table 1.  Results 

suggest that AMS-plants do no better than FSIS-only plants in controlling harmful Salmonella. 

AMS permits plants to bid on NSLP contracts if the plant passes an audit and meets FSIS 

standards.  Plants actually supplying the NSLP are subject to more rigorous oversight.  Below, 

we distinguish AMS-approved plants that supply the NSLP during the current year from AMS-

approved plants not supplying the NSLP.  We want to see if the more rigorous requirements 

affect plant performance on Salmonella tests. 

 

Performance of AMS-approved plants that bid on NSLP contracts. 

 

According to AMS regulations, AMS-approved plants that bid on meat contracts to supply the 

NSLP face additional pathogen testing and more vigorous oversight than plants that do not bid 

on contracts.  This difference in regulatory stringency could encourage better food safety 



14 
 

performance.  Thus, we separated AMS-approved plants into two groups and examine 

differences. The groups are plants that bid on NSLP contracts in the current year (Approved-

bidders) and plants that did not bid on NSLP contracts (Approved-non-bidders).   

Table 3 shows the mean statistics of 95 cases of AMS-approved plants bidding on a 

contract to supply the NSLP at least once during the year over 2006-2011 and the 52 cases of 

Approved-non-bidders over 2006-2011.  The most striking difference is in FSIS Salmonella 

testing.  Approved-bidders had a much lower percentage of Salmonella samples testing positive 

for Salmonella than Approved-non-bidders.  Approved-bidders also had a much higher success 

rate in meeting or surpassing hypothetical standards that allowed one-fourth or one-tenth the 

FSIS tolerance for Salmonella.  For example, Approved-bidders were more than twice as likely 

as non-bidders to meet a level of stringency equal to one-fourth the Salmonella tolerance and 

about three times as likely to meet a level of stringency equal to one-tenth the Salmonella 

tolerance.  Approved-bidders were also more likely to meet levels of stringency that were equal-

to and one-half the Salmonella tolerance. 

We used a model similar to equation 2 to econometrically examine the performance of 

approved-bidders, approved-non-bidders, and FSIS-only plants.  Following the procedures used 

above, we adjusted the model for multiplicative heteroskedasticity if necessary and used a Huber 

sandwich method to adjust for autocorrelation.  Results of the analysis are shown in table 4. 

Table 4 compares three levels of food safety stringency:  one-half, one-fourth, and one-

tenth the Salmonella tolerance.  The variables of interest are APPRUV_BID and 

APPRUV_NON_BID.  Results show that approved non-bidders were significantly less likely to 

meet more stringent FSIS Salmonella tolerances than FSIS-only plants, and approved-bidders 
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were significantly more likely to meet more stringent FSIS Salmonella tolerances than FSIS-only 

plants.  Moreover, the size of the difference and the significance level of the variable increased 

as the tolerance shrank to one-tenth the Salmonella tolerance.  The insignificant but negative 

difference in AMS regulations after 2009 in three of the four cases and significant and negative 

difference in the most stringent case suggest that changes made by AMS after 2009 did not 

improve performance on FSIS Salmonella tests.   Results for other variables are similar to those 

in table 2. 

One way to explain these results concerns the risks to the plant of supplying ground  

beef to the NSLP that may test positive for a harmful pathogen.  Ground beef suppliers to 

the NSLP must supply product that is subject to intensive testing by AMS.  If harmful pathogens 

are found, then the plant must destroy any product designated by AMS as having tested positive 

for a pathogen.   They also must face the possibility of being disqualified as AMS suppliers.  

These suppliers would then have to undergo the expense of regaining AMS-approval or lose a 

potentially profitable market.  The plants may also face a loss of reputation if they were dropped 

as an NSLP supplier.  For example, Supreme Beef failed as a business after it was disqualified 

from bidding on AMS contracts to supply the NSLP.  Thus, it may be that plants that do not meet 

stringent Salmonella tolerances choose to not bid on NSLP contracts during that year in order to 

avoid AMS penalties but then may supply the NSLP when performance on FSIS Salmonella tests 

improves.  Below, we examine this hypothesis. 

 

Do Plants Behave Strategically in their Bidding Strategies? 

 



16 
 

Economists, such as Starbird (2005), have argued that managers of meat plants have better 

information about the food safety quality of their products than do their customers.  Managers of 

AMS-approved plants recognize that winning a contract to sell ground beef to the NSLP could 

be profitable.  However, they also know that they must satisfy the strict AMS testing protocols 

and that they can always sell their products without penalty on the spot market.  The difference 

in the regulatory requirements between selling meat on the spot market and the potential greater 

profitability of winning a contract to supply the NSLP gives plant managers the incentive to act 

strategically.  Managers may bid on a contract to supply ground beef to the NSLP if their plant’s 

ground beef meets AMS standards.  However, if their plant’s ground beef does not meet AMS 

standards, then they sell their ground beef on the spot or other market.  

Below, we empirically examine the hypothesis that plant managers bid on contracts to 

supply the NSLP if the plant’s recent food safety performance has been good and they do not bid 

if the plant’s food safety performance has been poor.  We model this behavior with a two-

equation recursive bivariate regression (equations 3 and 4) in which managers learn plant food 

safety performance and then use this information to decide whether to bid on a contract to supply 

the NSLP.  The data are the 147 observations of AMS-approved plants over 2006-2011, i.e. all 

observation of all AMS-approved plants in our data. 

Equation (3) is similar to equation 1.  In equation 4, we examine whether a plant’s 

estimated food safety performance (Sit) from equation (3) and experience in the bidding process 

(Eit) affect the decision to bid on NSLP contracts (Bit).  Recent experience in submitting bids to 

sell products to the NSLP should enable a plant to lower its contracting costs relative to other 

plants since plants would then learned the tasks needed to submit bids and later ship finished 

products to a NSLP destination.  Plants that have recently been approved to supply the NSLP 
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may also have a strong incentive to bid on AMS contracts because these plants would not have 

incurred the costs of gaining AMS approval to supply the NSLP unless they intended to bid on 

NSLP contracts. 

(3)  Sit = S(Lit, Mit, Kit, tit, Z) 

 

(4)  Bit = B (Eit, Sit) 

 

The variables used in equation 3 have been defined in table 1.  There are five fewer variables 

than equation (2) --- the four regulation variables and PROCESS.  The regulation variables are 

dropped because all plants in the dataset are regulated.  The PROCESS variable was dropped 

because it introduced errors into the model, preventing it from converging.  All other variables 

used in equation (2) are used in equation (3).    

The food safety variable (S) in equation 4 is determined from equation 3.  .  If performance 

on the FSIS Salmonella test influences a plant’s decision to bid on NSLP contracts, then the 

coefficient on S should be positive.  The variable S in equation (3) is defined as in equation (2), 

i.e. it is a dummy variable equal to one if the plant met a food safety standard equal to one-half, 

one-fourth, and one-tenth the FSIS Salmonella tolerance 

 The other variables in equation 4 are a vector of experience variables.  The variables 

include LAG_BIDit and FIRST_YEAR and are defined in table 3.  LAG_BIDit is one if the plant 

bid on an NSLP contract in the previous year and zero otherwise.  FIRST_YEAR is one if this is 

the plant’s first year as an AMS-approved supplier to the NSLP and zero otherwise. LAG_BIDit 

should be positive if experience with selling to the NSLP lowers the supply cost of bidding on 

another contract.  FIRST_YEAR should be positive because these plants have chosen to be 
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NSLP suppliers in the past year and they would not do so unless they determined that supplying 

the NSLP was profitable. 

  Our dataset for this analysis includes all of the observations of all AMS-approved plants 

over 2007-2011.  All observations of FSIS-only plants were dropped because we are examining 

AMS-approved plants only.  The first year of our dataset – 2006 -- was also dropped because our 

model requires one year of history (there is a lag term). 

Preliminary regressions of our model were examined to test for kurtosis in the error term 

and heteroskedasticity.   Chiburis, Das, and Lokshin (2011) and Chiburis (2010) point out that 

that a Rao/Murphy score test can be used to test normality.  Test results suggest the presence of 

kurtosis in the one-fourth FSIS Salmonella tolerance regression but not for the other models.  

Notice that we have time series data, making autocorrelated errors possible.  Thus, following 

Beck and Katz (1997) we use a Huber sandwich approach to adjust the standard errors.   

 Results of our model are shown in table 5.  Plants size, generally, has a negative effect on 

food safety performance while being part of a multi-plant firm test results after 2009 are positive.  

Other results for the safety equation are not significant. 

 All of the independent variables in the bid equations are highly significant.  Of particular 

interest are the positive and significant effects of Salmonella test performance on whether a plant 

bids for a contract.  The coefficient on Safety (S in equation 4) is positive and highly significant 

in all cases, suggesting that strong performance on Salmonella tests encourages AMS-approved 

plants to bid on NSLP contracts.  Other results indicate that recent experience and being 

approved by AMS to supply the NSLP in the past year also encourage plants to bid on an NSLP 

contract. 
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Conclusion 

 

This paper examined the impact of food safety standards imposed on suppliers of ground beef to 

the National School Lunch Program by the Agricultural Marketing Service. Probit regression 

results suggest that there is no difference in food safety performance between plants approved to 

supply the NSLP by AMS and plants regulated only by FSIS.   Plants approved to supply the 

NSLP were then separated into those that actually bid on contracts to supply ground beef to the 

NSLP and those that did not bid on any contracts.  Probit regression results show that plants 

approved by AMS that bid on contracts to supply the NSLP had a higher level of food safety 

performance than both plants approved by AMS but not bidding on NSLP contracts and other 

plants regulated by FSIS.  Plants approved to bid on NSLP contracts but not bidding on contracts 

had a lower level of food safety performance than both other types of plants. Results after 2009 

suggest that differences in food safety performance may have narrowed. 

We explain these results in the following way.  Plants that bid on AMS contracts to 

supply ground beef to the NSLP face a potentially higher level of regulatory scrutiny, such as 

greater testing and penalties for noncompliance, than do plants that do not bid on contracts. 

Penalties for failure to meet AMS standards include (1) the possibility of losing the right to 

supply ground beef to the NSLP, (2) the requirement that plants dispose of all batches of meat 

that do not satisfy AMS standards, and (3) lost sales to other customers due to the damage to a 

plant’s reputation for poor food safety performance.    

 The paper then considers whether plants behave strategically in deciding whether to bid 

on contracts to supply ground beef to the NSLP.  More specifically, the paper considers whether 

plant managers use their private knowledge of their food safety performance to decide whether to 
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bid on contracts to supply ground beef to the NSLP, i.e. does past performance on Salmonella 

tests influence a plant’s decision to bid on an NSLP ground beef contracts.  Empirical results 

suggest that food safety performance does encourage plants to bid on AMS contracts to supply 

the NSLP, i.e. plants bid on contracts to supply the NSLP if they perform well on Salmonella 

tests, and they do not bid if they perform poorly on those tests.   

 Overall, this paper illustrates the costs and benefits of stricter standards.  Stricter 

standards (presumably either by private industry or government agencies) can lead to enhanced 

food safety.  However, stricter food safety standards also compel some plants to avoid or exit a 

market.  It is also interesting to note that children, others with compromised immune systems, 

and the elderly consume many ground beef products from the less-regulated national market and 

society accepts those risks. Yet, society demands a higher standard for children only when they 

are in school.  This leads to the questions of whether the stricter AMS standards should be 

adopted nationally or the less stringent national standards used in schools. 
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Table 1: Mean Values of Selected Economic Variables of Plants Approved and Not 

Approved by AMS to supply ground beef to the National School Lunch Program. 

Variable  Definition AMS-Approved FSIS-Only 

    

Percent positive 

Salmonella samples 

Percentage of test sets with samples 

testing positive for Salmonella 

0.027 0.019 

Just Meets 

Salmonella Standard 

One if test samples equal Salmonella 

standard, zero otherwise 

0.898 0.954 

One-Half  

Salmonella Standard 

One if test samples equal one-half 

Salmonella standard, zero otherwise 

0.714 0.866 

One-Fourth 

Salmonella Standard 

One if test samples equal one-fourth 

Salmonella standard, zero otherwise 

0.564 0.770 

One-Tenth 

Salmonella Standard 

One if test samples equal one-tenth 

Salmonella standard, zero otherwise 

0.414 0.594 

   HACCP_PASS0,  One if no noncompliance reports 

(deficiencies) for not complying with 

HACCP tasks and zero otherwise. 

0.415 0.543 

   SSOP_P_PASS0 One if no deficiencies for not 

complying with Pre-Operation 

sanitation tasks, zero otherwise. 

0.415 0.528 

   SSOP_O_PASS0 One if no deficiencies for not 

complying with Operational sanitation 

tasks, zero otherwise. 

0.558 0.788 

   EMP_PLANT Employees per plant 276 93.3 

   AGE_2000 One if meat grant assigned after 1999, 

zero otherwise. 

0.653 0.466 

 PACKING_PLANT One if plants produces mainly raw 

meat products, zero otherwise 

0.462 0.136 

   PROCESS One if plant further processes some 

meat, zero otherwise 

0.238 0.337 

  MULTI One if plant is part of a multi-plant 

firm, zero otherwise. 

0.114 0.122 

  YEAR_2010 One if year after 2009, zero otherwise. 0.408 0.226 

    

Observations  147 1,276 
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Table 2:  Marginal effects of plants approved by AMS to bid on ground beef contracts for 

the NSLP. 

 Equals the 

Salmonella 

standard 

One-half the 

Salmonella 

standard 

One fourth the 

Salmonella 

standard 

One tenth the 

Salmonella 

standard 

 

      

   HACCP_PASS0,  0.024
** 

(0.010) 

0.036
* 

(0.019) 

0.019
 

(0.024) 

0.047
* 

(0.027) 

 

   SSOP_P_PASS0 0.005
 

(0.010) 

0.033
* 

(0.020) 

0.045
* 

(0.026) 

0.031
 

(0.029) 

 

   SSOP_O_PASS0 0.026
 

(0.017) 

0.030
 

(0.027) 

0.048
 

(0.033) 

0.077
*** 

(0.037) 

 

   EMP_PLANT 0.016
 

(0.030) 

-0.038
 

(0.040) 

-0.081
 

(0.070) 

-0.670
*** 

(0.200) 

 

   AGE_2000 -0.013
 

(0.012) 

-0.021 

(0.024) 

-0.029
 

(0.029) 

-0.044
 

(0.032) 

 

   PACKING_PLANT 0.002
 

(0.018) 

-0.017
 

(0.034) 

-0.056
 

(0.044) 

-0.101
** 

(0.047) 

 

   PROCESS 0.0003 

(0.012) 

0.012 

(0.024) 

-0.014 

(0.031) 

-0.020 

(0.034) 

 

  MULTI 0.037
*** 

(0.010) 

0.070
*** 

(0.023) 

0.034
 

(0.041) 

0.071
 

(0.055) 

 

  YEAR_2010 -0.023
 

(0.023) 

-0.014
 

(0.036) 

0.048
 

(0.038) 

0.036
 

(0.049) 

 

  APPRUV -0.026
 

(0.026) 

-0.082
 

(0.061) 

-0.098
 

(0.074) 

-0.017
 

(0.085) 

 

  APPRUV* 

  YEAR_2010
 

0.030
* 

(0.017) 

-0.005
 

(0.075) 

-0.132 

(0.122) 

-0.085
 

(0.151) 

 

      

Χ
2 

33.4
*** 

28.3
*** 

29.3
*** 

30.8
*** 

 

Observations 1,423 1,423 1,423 1,423  

      

X
2 

 of Likelihood of 

Heteroskedasticity 

0.84 0.26 1.7
 

7.63
*** 

 

 

*, **, ***    0.10, 0.05, and 0.01 levels of significance 
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Table 3: Mean values of selected economic variables of AMS-approved plants that bid or 

did not bid to supply ground beef to the National School Lunch Program. 

Variable  Definition Approved and 

Bidding 

Approved and 

Not Bidding 

Percent positive Percentage of test sets with samples 

testing positive for Salmonella 

0.015 0.050 

Just Meets 

Salmonella Standard 

One if test samples equal Salmonella 

standard, zero otherwise 

0.947 0.808 

One-Half  

Salmonella Standard 

One if test samples equal one-half 

Salmonella standard, zero otherwise 

0.821 0.519 

One-Fourth 

Salmonella Standard 

One if test samples equal one-fourth 

Salmonella standard, zero otherwise 

0.684 0.346 

One-Tenth 

Salmonella Standard 

One if test samples equal one-tenth 

Salmonella standard, zero otherwise 

0.547 0.173 

   HACCP_PASS0,  One if no noncompliance reports 

(deficiencies) for not complying with 

HACCP tasks and zero otherwise. 

0.400 0.442 

   SSOP_P_PASS0 One if no noncompliance reports for 

not complying with Pre-Operation 

sanitation tasks, zero otherwise. 

0.358 0.519 

   SSOP_O_PASS0 One if no noncompliance reports for 

not complying with Operation 

sanitation tasks, zero otherwise. 

0.484 0.692 

   EMP_PLANT Employees per plant 244 334 

   AGE_2000 One if meat grant assigned after 1999, 

zero otherwise. 

0.642 0.673 

 PACKING_PLANT One if plants produces mainly raw 

meat products, zero otherwise 

0.453 0.481 

   PROCESS One if plant further processes some 

meat, zero otherwise 

0.168 0.365 

  MULTI One if plant is part of a multi-plant 

firm, zero otherwise. 

0.105 0.057 

  YEAR_2010 One if year after 2009, zero otherwise. 0.484 0.269 

LAG_BID One if bid on NSLP contract last year 

and zero otherwise. 

0.55 0.07 

FIRST_YEAR One if year approved by AMS to bid on 

NSLP contracts, zero otherwise 

0.30 0.32 

    

Observations  95 52 
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Table 4:  Marginal effects of AMS regulations on the food safety performance of AMS-

approved plants that bid or did not bid on contracts to supply ground beef to the National 

School Lunch Program.  

 Equals the 

Salmonella 

Standard 

One-half the 

Salmonella 

standard 

One fourth the 

Salmonella 

standard 

One tenth the 

Salmonella 

standard 

 

      

   HACCP_PASS0,  0.018
** 

(0.008) 

0.037
** 

(0.018) 

0.018
 

(0.022) 

0.053
** 

(0.027) 

 

   SSOP_P_PASS0 0.006
 

(0.008) 

0.036
* 

(0.020) 

0.050
* 

(0.025) 

0.032
 

(0.028) 

 

   SSOP_O_PASS0 0.030
** 

(0.014) 

0.041
* 

(0.026) 

0.058
* 

(0.032) 

0.095
*** 

(0.035) 

 

   EMP_PLANT 0.024 

(0.020) 

-0.106
 

(0.090) 

-0.346
* 

(0.180) 

-0.688
*** 

(0.190) 

 

   AGE_2000 -0.009 

(0.009) 

-0.016 

(0.023) 

-0.017
 

(0.028) 

-0.044
 

(0.032) 

 

   PACKING_PLANT 0.002
 

(0.013) 

-0.017
 

(0.033) 

-0.080
* 

(0.042) 

-0.108
*** 

(0.049) 

 

   PROCESS 0.004 

(0.009) 

0.021 

(0.023) 

0.002 

(0.028) 

-0.008 

(0.032) 

 

  MULTI 0.027
*** 

(0.008) 

0.069
*** 

(0.026) 

0.064
 

(0.046) 

0.072
 

(0.058) 

 

  YEAR_2010 0.004
 

(0.009) 

0.015
 

(0.024) 

0.048
* 

(0.029) 

0.040
 

(0.033) 

 

  APPRUV_NON_BID -0.110
** 

(0.054) 

-0.306
*** 

(0.103) 

-0.432
*** 

(0.107) 

-0.453
*** 

(0.079) 

 

  APPRUV_NON_BID* 

  YEAR_2010
 

-0.005
 

(0.005) 

-0.129
 

(0.165) 

0.025
 

(0.154) 

0.274
*** 

(0.120) 

 

  APPRUV_BID 0.054
*** 

(0.008) 

0.082
** 

(0.041) 

0.133
* 

(0.074) 

0.234
*** 

(0.084) 

 

  APPRUV_BID* 

  YEAR_2010
 

-0.939
 

(0.036) 

-0.112
 

(0.103) 

-0.197
 

(0.138) 

-0.206
* 

(0.108) 

 

      

Χ
2 

31.6
*** 

64.3
*** 

51.9
*** 

49.6
*** 

 

Observations 1,423 1,423 1,423 1,423  

      

X
2 

 of Likelihood of 

Heteroskedasticity 

0.09 4.8
** 

7.7
*** 

13.4
** 

 

 

*, **, ***    0.10, 0.05, and 0.01 levels of significance 
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Table 5:  Marginal effects of the impact of food safety performance on bidding for NSLP 

ground beef contracts . 

Dependent 

Variable 

Independent 

Variables 

One half the 

Salmonella 

standard 

One fourth the 

Salmonella 

standard 

One tenth the 

Salmonella 

standard 

 

      

SAFETY HACCP_PASS0,  0.001
 

(0.062) 

-0.066
 

(0.069) 

-0.087
 

(0.077) 

 

 SSOP_P_PASS0 0.034
 

(0.065) 

-0.015)
 

(0.077) 

-0.032
 

(0.093) 

 

 SSOP_O_PASS0 -0.143
** 

(0.065) 

-0.097
 

(0.073) 

-0.106
 

(0.076) 

 

 EMP_PLANT 

(1000s) 

-0.118
 

(0.090) 

-0.180
* 

(0.120) 

-0.275
** 

(0.140) 

 

 AGE_2000 -0.084
 

(0.091) 

-0.123
 

(0.140) 

-0.006
 

(0.089) 

 

 PACKING_PLANT 0.123 

(0.102) 

0.003 

(0.109) 

-0.072 

(0.99) 

 

 MULTI 0.134
 

(0.089) 

0.241
** 

(0.113) 

0.250
** 

(0.109) 

 

 YEAR_2010 0.075 

(0.094) 

0.120
* 

(0.076) 

0.073 

0.098) 

 

      

BID. Lag_BID 0.423
*** 

(0.060) 

0.364
*** 

(0.056) 

0.296
*** 

(0.048) 

 

 FIRST_YEAR 0.211
*** 

(0.071) 

0.173
** 

(0.071) 

0.178
** 

(0.079) 

 

 SAFETY 0.508
** 

(0.200) 

0.497
*** 

(0.062) 

0.413
*** 

(0.056) 

 

      

 Model χ
2 

160.7
*** 

151.4
*** 

159.4
*** 

 

 Observations 123 123 123  

  χ
2
 (ρ = 0) 0.57 3.05

* 
2.79

* 
 

 

*, ***    0.10, 0.05, and 0.01 levels of significance 

 


