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Abstract

Pathogen growth caused by improper or slow cooling of hot foods was a contributing factor 

in 504 of restaurant- and deli-related outbreaks in the U.S. from 1998–2008. Little is known, 

however, about restaurant cooling practices. To fill this gap, the Centers for Disease Control and 

Prevention’s Environmental Health Specialists Network (EHS-Net) conducted an observational 

study to identify and understand factors that might determine which methods restaurants follow 

to rapidly cool food. These methods include refrigerating food at ≤41 °F, at shallow depths, and 

in containers that are ventilated, unstacked, and have space around them. EHS-Net personnel 

collected data through manager interviews and observation of cooling processes in 420 randomly 

selected restaurants. Regression analyses revealed characteristics of restaurants most likely to 

use the cooling methods assessed. These characteristics included ownership by restaurant chains, 
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manager food safety training and certification, few foods cooled at a time, many meals served 

daily, and a high ratio of workers to managers. These findings suggest that regulatory food 

safety programs and the retail industry might improve cooling methods—and reduce outbreaks—

by providing and encouraging manager food safety training and certification, and by focusing 

intervention efforts on independent and smaller restaurants.

Introduction

Improper or slow cooling of hot foods is a significant cause of foodborne illnesses, such 

as those caused by Clostridium perfringens and Bacillus cereus (Schaffner et al., 2015). 

Improper cooling of hot food, leading to pathogen growth, was a contributing factor in 504 

U.S. restaurant and deli outbreaks from 1998–2008 (Brown et al., 2012). These outbreaks 

indicate that food-cooling practices in restaurants need to be improved.

The Food and Drug Administration’s (FDA) Food Code represents the best food safety 

recommendations for retail food service establishments (U.S. Department of Health and 

Human Services [HHS], 2009a). Most state and local food codes are modeled on the 

FDA Food Code, which contains several guidelines to reduce pathogen growth during the 

cooling of food. These guidelines include cooling food rapidly from 135–70 °F (57–21 

°C) within 2 hr and from 135–41 °F (57–5 °C) within a total of ≤6 hr (HHS, 2009b, 

2017a). The FDA Food Code also includes recommendations for facilitating rapid cooling. 

These recommendations include refrigerating cooling food and placing cooling food in 

shallow pans. The Food Code also recommends ventilating the food (e.g., leaving containers 

uncovered or loosely covered) and arranging cooling food to maximize heat transfer through 

food container walls (e.g., by not placing containers of cooling food close to or on top of 

each other) (HHS, 2009b, 2017a).

Data on restaurant food-cooling practices can inform cooling interventions but few data 

were available on restaurant cooling practices. To fill this gap, the Centers for Disease 

Control and Prevention’s (CDC) Environmental Health Specialists Network (EHS-Net) 

conducted an observational study on restaurant food cooling practices. The goal was to 

identify gaps in restaurant food cooling practices and to identify restaurant characteristics 

related to proper food cooling practices. Data from the study indicate that the cooling 

practices of many restaurants do not meet FDA recommendations for rapid cooling (Brown 

et al., 2012; Schaffner et al., 2015). For our analysis, we used data from the same study to 

determine what restaurant characteristics (e.g., ownership type, meals served per day, food 

safety training and certification) are related to whether restaurants use FDA-recommended 

methods to facilitate rapid cooling. An understanding of these associations can inform 

food-cooling interventions, regulatory food safety programs, and the retail industry.

Methods

Data Collection

EHS-Net conducted the study from July 2009–March 2010. EHS-Net is a collaboration 

of environmental health specialists and epidemiologists focused on examining factors that 
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contribute to foodborne illness associated with retail food service establishments. EHS-Net 

members include CDC, FDA, and state and local health departments. When EHS-Net 

conducted this study, CDC funded nine state and local health departments to participate 

in EHS-Net. These state and local health departments, or EHS-Net sites, were located in 

California, Connecticut, Georgia, Iowa, Minnesota, New York, Oregon, Rhode Island, and 

Tennessee. Each state has its own set of food safety regulations; the regulations vary in how 

closely they matched FDA Food Code guidelines. The study protocol was cleared by the 

appropriate institutional review boards in each EHS-Net site.

Within each EHS-Net site, EHS-Net site staff (i.e., data collectors) solicited restaurant 

participation by telephoning randomly selected restaurants within a specified geographic 

location and following a standardized recruiting script to obtain informed consent. Data 

collectors from each site collected data in approximately 50 restaurants that cooled foods. 

As noted by Brown and coauthors (2012), 420 restaurant managers agreed to participate 

in the study, a participation rate of 68.4%. All data collectors participated in training 

to increase data collection consistency. We did not collect any data that could identify 

individual restaurants or staff.

In each restaurant, data collectors conducted prearranged on-site interviews with English-

speaking kitchen managers about restaurant characteristics. These restaurant characteristics 

included number of meals served daily, ownership (independent versus chain), cuisine type 

(e.g., American, Chinese, etc.), kitchen manager experience, number of kitchen managers 

and food workers, and if kitchen managers and food workers were trained or certified 

in food safety. For this study, a person was considered certified if they had successfully 

completed a food safety training or educational program and received a certificate upon 

completion.

In restaurants that were cooling food during the on-site visit, data collectors also recorded 

their observations about the cooling processes being used. Some restaurants were cooling 

multiple foods or using multiple steps to cool food (e.g., refrigerating food in a large, deep 

container and then separating the food into shallow containers would be two separate steps). 

For each cooling step of each food at each restaurant, data collectors assessed the overall 

method of cooling (e.g., refrigeration) and the specifics of each method (e.g., ambient 

temperature of the refrigeration unit).

Previous analyses of data from this study indicate that restaurants most frequently cool 

food by refrigeration. Other methods include placing food in blast chillers and placing ice 

wands in food (Brown et al., 2012). This article examines data on food cooled through 

refrigeration. Data collectors determined whether the refrigeration units used for cooling 

could maintain food temperatures of ≤41 °F by assessing whether the ambient temperature 

of the refrigeration units was ≤41 °F (measured from centermost point of cooling unit) 

(HHS, 2017b). For each food cooled with refrigeration at the time of the on-site visit, 

data collectors assessed if several FDA-recommended methods for cooling were used. 

Specifically, they assessed if the cooling food was at a shallow depth (≤3 in.), the food was 

ventilated (loose covering or perforations or holes in covering), and the containers within 

refrigeration units were arranged to maximize heat transfer through food container walls. We 
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used two measures to determine if equipment was arranged to maximize heat transfer: 1) if 

the cooling food containers were unstacked and 2) if there was open air space around food 

containers (cleared area around sides and top of containers ≥3 in.).

Statistical Analysis

We first created a categorical measure for each of the five methods we assessed. If all of the 

foods in a restaurant were cooled with the specific method, then the restaurant was coded 

as consistently using that method. If at least one of the foods was not cooled with that 

method, then the restaurant was coded as not consistently using that method. For example, if 

a restaurant cooled two foods, and for one food the container was ventilated but for the other 

food the container was not ventilated, then the restaurant would be coded as not consistently 

ventilating their cooling food containers.

We also created an overall measure of cooling methods. This measure assessed the average 

percent of foods in a restaurant being cooled using all five of the assessed methods. For 

example, if a restaurant cooled two foods, and one of those foods was cooled using all five 

(100%) of the methods, and the second food was cooled using two (40%) of the methods, 

then this restaurant’s average percent of use of all methods would be 70%, the average of 

these two percentages.

We then built five regression models—one for each of the five methods—to examine 

associations between restaurant characteristics and the outcome variable: if restaurants 

consistently used the method. Because these outcomes were categorical (consistently used 

the method versus did not consistently use the method), we used logistic modeling methods 

for these models. Finally, we built a regression model to examine associations between 

restaurant characteristics and the outcome variable measuring overall use of cooling methods 

(i.e., the average percent of use of all recommended methods). Because this outcome 

is continuous, we used linear modeling methods for this model. Final models for each 

regression were chosen using a backward selection level of 0.05. We stratified by EHS-Net 

site to account for potential differences inherent to sites, such as differing data collectors and 

food safety regulations.

Results

Restaurant Characteristics

As noted by Brown and coauthors (2012), 420 restaurant managers agreed to participate 

in the study, which is a participation rate of 68.4%. Analyses for this article were based 

on data from the 351 restaurants in which at least one food was cooled by refrigeration. 

Across these 351 restaurants, we observed 508 cooling foods. In most of these restaurants, 

data collectors observed one food being cooled (70.9%), but in 29.1% of restaurants, data 

collectors observed between two and six foods being cooled.

Interview responses from kitchen managers indicated that these restaurants primarily served 

American cuisine (61.0%), were independently owned (68.7%), served ≤150 meals a day 

(51.9%), had workers who mostly spoke English in the kitchen (78.3%), had cooling 

policies in place (80.8%), and required kitchen managers to be certified in food safety 

Reed et al. Page 4

J Environ Health. Author manuscript; available in PMC 2021 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(58.6%) (Table 1). About one half of kitchen managers indicated that they had worked at 

the restaurant for ≤4 years (50.7%), at least one kitchen manager had been trained in food 

safety (94.9%), and at least one kitchen manager was certified in food safety (73.6%) (Table 

1). Most restaurants employed ≤2 kitchen managers (67.5%), ≤7 food workers (51.9%), and 

most food workers had received training in food safety (93.7%).

Use of Cooling Methods

Table 2 shows the frequency with which restaurants followed these five methods: 1) 

refrigeration unit is maintained at ≤41 °F, 2) cooling food is stored at shallow depth, 

3) cooling food is ventilated, 4) cooling food containers are unstacked, and 5) cooling 

food containers have open air around them. In most restaurants (80.3%), the refrigeration 

units in which the cooling food was stored were ≤41 °F (Table 2). In most restaurants 

(79.5%), food was consistently cooled in unstacked containers, and in most restaurants 

(79.5%), food was consistently cooled in containers with space between them. Furthermore, 

in 59.8% of restaurants, food was consistently cooled in ventilated containers, and in 49.0% 

of restaurants, food was consistently cooled at shallow food depths. In only 18.2% of 

restaurants, however, were all five methods consistently used. On average, restaurants’ mean 

percent of foods cooled using all of the methods was 74.1% (SD = 20.4%, median = 80.0%).

Regression: Individual Cooling Methods Consistently Used in Restaurants

Multiple logistic regressions identified five explanatory variables that were significantly 

associated (p < .05) with restaurants consistently using at least one of the five assessed 

methods to facilitate rapid cooling (Table 3). These five variables included: 1) restaurant 

ownership, 2) kitchen manager training, 3) kitchen manager certification, 4) number of 

foods cooling in refrigeration, and 5) ratio of food workers to kitchen managers. Compared 

with independent restaurants, chain restaurants had 2.1 times greater odds (95% confidence 

interval [CI] [1.01, 4.15]) of consistently storing cooling food at the recommended 

refrigeration temperature (≤41 °F) (Table 3).

Restaurants that employed at least one food safety-certified kitchen manager had 2.1 

times greater odds (95% CI [1.10, 4.17]) of consistently ventilating cooling food than did 

restaurants that did not employ food safety-certified kitchen managers (Table 3). Restaurants 

that cooled only one food during the observation had almost 2 times greater odds (odds 

ratio [OR] = 1.90; 95% CI [1.02, 3.54]) of consistently following the recommendation to not 

stack containers than did restaurants that cooled more than one food (Table 3).

Restaurants that employed at least one food safety-trained kitchen manager had 4.7 times 

greater odds (95% CI [1.38, 15.91]) of consistently not stacking containers than did those 

that did not use any food safety-trained kitchen managers. Restaurants that cooled only 

one food during the observation had 3.7 times greater odds (95% CI [1.79, 7.42]) of 

consistently leaving space between containers than restaurants that cooled more than one 

food. Restaurants where any kitchen managers were certified in food safety had 3.4 times 

greater odds (95% CI [1.30, 9.11]) of leaving space between containers compared with 

those without food safety-certified kitchen managers (Table 3). Restaurants with a high 

food-worker-to-kitchen-manager ratio (>4) had 2.7 times greater odds (95% CI [1.10, 
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6.60]) of consistently leaving space between containers than did restaurants with a low 

food-worker-to-kitchen-manager ratio (≤2) (Table 3).

Regression: Average Percent of Cooling Methods Used in Restaurants

Multivariable linear regression analyses identified two significant explanatory variables: 

1) number of meals served daily and 2) kitchen manager food safety training. Those 

two variables were significantly associated (p < .05) with a difference in the average 

percent of recommended methods used in restaurants (Table 4). On average, restaurants 

serving >300 meals a day used 6.7% more recommended cooling methods (95% CI [0.1%, 

13.2%]) compared with restaurants that served 150–300 meals a day (Table 4). On average, 

restaurants that employed any food safety-trained kitchen managers used 15.0% more 

recommended methods (95% CI [4.8%, 25.1%]) than restaurants that did not employ food 

safety-trained kitchen managers (Table 4).

Discussion

This study identified associations between several restaurant characteristics and restaurant 

use of methods to rapidly cool food. Regression analyses showed that the odds of restaurants 

using these methods were greater for chain restaurants, restaurants where at least one 

kitchen manager was food safety-certified or food safety-trained, where only one food was 

cooled at a time, and where the ratio of food workers to kitchen managers was high. 

Furthermore, a greater percentage of methods were used to cool foods in restaurants that 

served >300 meals a day, and where any kitchen manager was food safety certified.

Restaurants that were cooling only one food during the observation were more likely to 

not stack containers and to leave space between containers. Restaurants cooling more than 

one food at a time might have inadequate refrigeration space for cooling these foods, 

forcing workers to stack containers and store food containers close to each other. Restaurants 

might not be able to increase their space but they might be able to adjust food preparation 

processes to reduce the number of foods cooled at one time.

Restaurants under chain ownership were more likely to follow recommended cooling 

methods than those with independent ownership, as were those serving more meals daily 

compared with those serving fewer meals daily. These findings are consistent with other 

data suggesting that chain and larger establishment food safety practices tend to be better 

than those of independent and smaller establishments (Green et al., 2005, 2007; Lee et al., 

2004). These restaurants might have more resources, more or better trained staff, or more 

standardized food safety procedures. The restaurants also might be larger or have better or 

larger cooling equipment, and thus have more space for cooling. The relationship between 

worker-to-manager ratio and the use of recommended cooling methods also might be a 

function of restaurant size.

The cooling methods examined in this article help ensure that foods cool quickly, thereby 

reducing foodborne illness risk. Schaffner and coauthors (2015) found that following 

recommended cooling methods led to faster estimated cooling rates. Our results suggest 

that restaurants with food safety-trained or food safety-certified kitchen managers were 
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more likely to follow these recommended methods to facilitate rapid cooling. Our finding 

is consistent with other research indicating that kitchen manager training and certification 

are important contributors to food safety in retail settings (Bogard, Fuller, Radke, Selman, 

& Smith, 2013; Brown, 2013; Brown et al., 2012, 2016, 2018; Hedberg et al., 2006; HHS, 

2009a; Lipcsei et al., 2018).

Our study has several limitations. First, because data were collected only in restaurants with 

English-speaking managers, they might not reflect practices in restaurants that lack English-

speaking managers. Second, only one restaurant of any given chain was included in the 

study because restaurants of the same chain were expected to have similar cooling practices. 

This sampling method likely resulted in an undersampling of chain restaurants. Third, 

manager interview data might be affected by social desirability bias, which results in over-

reporting of socially desirable responses (e.g., existence of food safety policies). Fourth, 

the cross-sectional nature of this study does not allow causal inferences about relationships 

between restaurant characteristics and cooling methods. Fifth, data were collected through 

observations. When people are observed, they might change their behavior to meet the 

expectations of the observer.

This study, however, mostly involved observations of equipment rather than of people. 

For example, data collectors went into refrigerators and examined whether food cooling 

containers were stacked on top of one another. Despite any possible observation bias, data 

collectors noted improper cooling practices in many establishments. Finally, we collected 

the data between 2009 and 2010. Current regulations on recommended cooling methods, 

however, remain similar to regulations in place during the data collection. Furthermore, 

improper cooling continues to be a source of foodborne outbreaks in restaurants and 

contributed to 10% (63) of U.S. restaurant outbreaks from 2014–2016 (Centers for Disease 

Control and Prevention, 2019). These facts suggest that the data reported here likely are still 

relevant.

Conclusion

The findings in this article can inform interventions to prevent foodborne illness and 

outbreaks related to improper cooling of foods. We found that kitchen manager training and 

certification were associated with better cooling methods. Regulatory food safety programs 

and the retail industry should consider providing and encouraging kitchen manager training 

and certification. Regulatory programs also might consider targeting interventions in 

independent and smaller restaurants, given that these restaurants were less likely to use 

recommended methods when cooling foods. Finally, corrective actions in restaurants might 

need to include adjustments to current food preparation and cooling processes based on 

available space and equipment for food cooling.

Research consistently finds that chain restaurants use better food safety practices compared 

with independently operated restaurants but little published research examines why this 

difference exists. A better understanding of why chain ownership is associated with better 

food safety practices could provide insight into ways independently operated restaurants can 
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improve food safety. Future studies should investigate what advantages chain restaurants 

have over independent restaurants.
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