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ABSTRACT

New Food Safety and Modernization Act rules require that food producers implement and validate processes that
sufficiently reduce the risk of known hazards, such as those posed by microbial pathogens. Investments in food safety
technology choices are ultimately business decisions, and current decision-making methods make it difficult to quantify financial
value associated with food safety risk reduction. Predicted financial loss is a tangible way to quantify how a recall might affect
the manufacturer. The hypothesis of this study was that class I recalls of low-moisture foods due to the presence of microbial
pathogens have a significant negative economic impact on the affected manufacturers, which can be quantified in terms of loss in
market capitalization. Financial impacts of the recalls were analyzed over a 10-year period by computing the cumulative
abnormal return (CAR) in stock values over a recall event period for 22 low-moisture foods made by publicly held companies.
Abnormal returns were aggregated over an event window (0 to 20 days) to compute the CAR, which was multiplied by prerecall
market capitalization to compute monetary losses due to the recall event. The CARs for a 20-day postrecall period were�26.5 to
8.4%, with a mean of�5.1%. These CARs translated to a median loss in corporate value due to a recall of $243 million for the
recall events analyzed in this study. If implementation of a food safety technology could reduce risk of a recall by fivefold, the
mean annual economic benefit would be .$2 million in reduced risk for companies such as those included in the study. Such
analyses can positively impact business decisions to invest in food safety technologies.

HIGHLIGHTS

� Class I recalls of low-moisture foods are economically important events.
� Mean corporate value declined significantly over the 20 days postrecall.
� Reductions in recall risk could be monetized as benefits of food safety investments.
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To reduce transmission of foodborne illnesses, the U.S.
Food Safety Modernization Act preventive controls rules
require that food processing companies implement pathogen
control processes where a pathogen is reasonably likely to
occur (58). If a system failure occurs and a food is
determined to potentially contain harmful pathogens, a class
I recall is issued. Costs to a company resulting from a recall
include decreased corporate value, legal fees and fines or
settlements, and the value of the recalled product (32).
Limited information is available on the relative magnitude
of these cost components or the overall economic impact of
such recalls on the affected companies, but one summary
reported costs of $70 to $350 million (19). An accurate
estimate of costs associated with a recall issued by a
producer of a low-moisture food is important; recent studies
in the restaurant and produce industries have revealed that

recall costs substantially exceed the costs of implementing
preventive controls (3, 27).

Most studies in which the financial effects of class I
recalls have been quantified have focused on societal costs
because these measures are useful for policy development.
Societal costs may include those associated with medical
care, lost productivity, and public health interventions such
as outbreak investigations, surveillance, and research (8);
these factors historically were the primary means of
quantifying the costs of foodborne disease and recalls (1,
28, 33). Scharff (30, 31) found that cost-of-illness studies
are valuable for policy makers needing cost-benefit analyses
of food safety solutions. Some studies have incorporated
quality-adjusted life year costs in their estimation of the cost
of illness (4, 23). Belaya et al. (6) reported that two-thirds of
the studies on the cost of foodborne disease used cost of
illness to quantify the cost of an outbreak, likely because
data from the public health sector of most developed
countries are readily available. Although this method is
advantageous for representing costs to society and inform-
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ing public policy decisions, these societal costs are different
from those faced by industry, such as loss of business (8).
Many food recalls occur without an associated outbreak of
foodborne illness, in which case business cost, rather than
cost of illness, is the important metric. However, Belaya et
al. (6) also reported that only approximately one-fifth of the
prior studies on the cost of foodborne illnesses included an
examination of the costs to industry, given that data from
the private sector are much more difficult to access. These
findings reveal a clear research gap in the financial impacts
of a recall on the food industry.

Although the societal costs of foodborne disease are
paramount, decisions regarding investment in improved
food safety technologies are ultimately business decisions
made by individual companies. However, traditional direct
measures of economic benefits associated with capital
investments (e.g., increased productivity or reduced energy
costs) generally do not apply to food safety investments.
Therefore, monetizing the benefits of risk reduction
associated with food safety investments could have a
significant positive impact on the associated business
decisions and broader food safety outcomes.

In terms of specific business costs, legal fees are
difficult to quantify because many product liability cases are
not publicly documented, and a considerable portion of
these cases are settled out of court. Examinations of the
available foodborne illness jury trials revealed that food
manufacturers rarely pay extensive compensation to
plaintiffs (7). Plaintiffs won trials in 31.4% of cases, and
the median amount awarded was only $25,560 (in 1998
dollars). Even for a premature death, the expected award
was only $133,280. Therefore, legal liability alone may not
be a strong motivation for companies to invest in improved
food safety technology.

When the amount of product recalled is available, it is
possible to estimate the direct value of the lost product; it is
more difficult to monetize losses due to tarnished public
reputation and lost future sales. The efficient market
hypothesis has been used to quantify loss in market value
after a recall in the meat and poultry industry (26). This
hypothesis assumes that information received by the public
is promptly reflected in the company’s stock value (13, 14,
26). Therefore, changes in stock value reflect changes in
perception of the company’s value, presuming the negative
impacts noted above. By measuring these changes, it is
possible to monetize loss in a publicly held company’s
value due to a recall event as a quantitative measure of the
economic impact of that recall.

Pozo and Schroeder (26) and Kong et al. (20) quantified
changes in stock value based on cumulative abnormal
returns (CAR), which represented the overall effect of the
recall event on the company’s stock value. Application of
this method for the U.S. meat and poultry industry (26) and
Chinese food industry (20) revealed that company shares
decreased in value by 1.15% 5 days postrecall and by 3.9%
1 day postrecall, respectively. For the U.S. meat and poultry
industry, this translated into an average loss in value of $109
million for a single recall event, which is a measure of the
overall negative economic impact of a recall on an average
company in that sector (26).

Based on these previous analyses, our hypothesis was
that the CAR approach can be used to quantify the negative
economic impact of recent recall events specifically in the
low-moisture food industry. An associated objective was to
illustrate how that measure could be used to monetize the
benefit of investments that improve food safety and thereby
reduce the risk of recall events.

MATERIALS AND METHODS

Information on class I recalls of low-moisture foods due to
foodborne pathogens was obtained from the U.S. Food and Drug
Administration (FDA) (57) Recall Archives, which includes recall
events from 2007 to the present. Criteria for inclusion in this study
were (i) the recalled product was a low-moisture food, (ii) the
recall was due to possible or confirmed presence of Salmonella,
Escherichia coli, or Listeria monocytogenes, and (iii) the company
implicated was publicly held, with shares traded on the open
market. Low-moisture foods were defined as food products known
to have a low water activity (e.g., most snacks, nuts and nut
products, grains, and spices). Companies were confirmed to be
publicly held when they were traded in a U.S. market, such as the
New York Stock Exchange or National Association of Securities
Dealers Automated Quotations.

Historical stock closing prices for each company and the
overall market, represented by the Standard and Poor’s index
(S&P 500), were obtained from the historical prices database of
the Wall Street Journal (59). Companies could not be included in
the study when they were bought out, merged with another
company, or went bankrupt following a recall because historical
stock closing prices for the original company were not available in
these cases. Companies involved in a major market event, such as
a merger or acquisition, within 3 months of the recall also were
excluded to reduce the influence of unrelated market events. When
illnesses were linked to a recall, the date of that announcement
was used as day 0 of the event window. For all other expanded
recalls, the first recall announcement date was used as day 0 of the
event window. Market capitalization values for each company one
business day before the recall announcement were retrieved from
an online database (22). The first step of data analysis was to
develop a model for predicted returns. Expected returns were
based on data collected from an estimation window of 3 years
before the recall event to one business day before the recall event,
which was equivalent to 1 day before the start of the event
window. This large estimation window was necessary because
some of the recalls studied occurred shortly after the 2008 U.S.
recession, so use of a shorter estimation window would have led to
predicted returns that were overly influenced by major market
changes in 2008 and therefore not representative of typical market
conditions.

Expected returns during the estimation window were
calculated using an ordinary least squares (OLS) model as in
previous studies (11, 16, 20, 21, 26, 32, 62). The model was
developed using Gnu Regression, Econometrics, and Time-series
Library (GRETL) software (2). Two sets of data were imported:
the returns of the particular company during the estimation
window and the returns of the broader market (S&P 500) during
the estimation window. An OLS regression was computed, with
the returns of the company stock as the dependent variable and the
overall market returns as the independent variable (11, 16, 20, 21,
26, 32, 62):

Rit ¼ b0 þ b1Rmt þ ARit

where Rit is the return of company i stock on day t, Rmt is the
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return of the market on day t, ARit is the abnormal return on day t,
and b0 and b1 are regression coefficients. Returns Rit and Rmt (%)
were also calculated (25):

Return ¼ 100 � ln closet

closet�1

where closet is the closing value of a stock on a particular day and
closet�1 is the closing value of the same stock on the previous day.
This method, called simple return or logarithmic return, is
commonly used in finance (25) and assumes a large number of
very small return intervals (continuously compounded return). As
the number of return intervals approaches infinity, the limit of the
expression for return results in an exponential function. Solving
this gives the natural logarithm equation above, applicable for
returns during one time period. In this case, the time period for
each return is 1 day.

The abnormal return term in the OLS regression was set as
zero during the estimation window before the recall event.
Coefficients b0 and b1 were estimated using the OLS modeling
tool in GRETL.

Abnormal returns following a recall event were calculated by
solving for the ARit term of the OLS regression with the b0 and b1
coefficients determined during the estimation window and
company and market returns from the event window. The event
window was defined as the period beginning with the public
announcement of the recall and lasting the subsequent 20 days. In
past studies, event windows only included up to 20 days postevent
because changes in stock value after 20 days are less likely to be
affected dominantly by the recall event (26).

Abnormal returns were aggregated during the event window;
at 20 days postrecall, the sum of abnormal returns was recorded as
the CAR. The CAR of each company was multiplied by the
company’s prerecall market capitalization to represent the
monetary change in company value due to the recall event.

RESULTS AND DISCUSSION

Of the 785 recalls of low-moisture products identified
from the FDA archive, 22 recalls from 15 different
companies met the study criteria and were included for
analysis. This data set is smaller than those used in related
studies in the meat and poultry industry because recall of
low-moisture foods is an emerging issue, whereas meat and
poultry recalls have been acknowledged for decades.
Thomsen and McKenzie (32) analyzed data from 252 class
I meat and poultry recalls between 1982 and 1998, and Pozo
and Schroeder (26) analyzed data from 163 class I to III
meat and poultry recalls between 1994 and 2013 but
modeled each class of recalls separately. In 2001, Salin and
Hooker (29) presented a partial event analysis of three meat
recalls and one apple juice recall.

Recalls included in the present study differed widely in
implicated pathogen, estimated loss, associated illnesses,
and company size represented by prerecall market capital-
ization (Table 1). Affected food products were recalled due
to suspected contamination with one of three pathogens:
Salmonella, E. coli, or L. monocytogenes. Estimated direct
product loss was calculated by multiplying the amount of
recalled product by the retail value of the product. These
data were available for only 8 of the 22 recalls, and losses
ranged from $22,000 to $625.9 million. Prerecall market

capitalization of the affected companies ranged from $0.12
billion to $184.59 billion.

CARs were calculated for the 22 recall events at 1 to 20
days postrecall (Fig. 1). The individual CARs at 20 days
postrecall were �26.5 to 8.4%, with a mean of �5.1%,
which is similar to findings in previous studies for other
sectors. For example, when day 0 of each event window
was defined as the day the recall was announced, the 20-day
average CARs reported by Thomsen and McKenzie (32),
Pozo and Schroeder (26), and Salin and Hooker (29) were
�2.7, �1.6, and �11.3%, respectively, for meat and poultry
recalls. In studies of Chinese companies, Kong et al. (20)
reported a 3-day CAR of �3.8% and Zhao et al. (62)
reported a 1-day CAR of�2.21%.

In the present study, the average 20-day CAR was
negative, but 4 (18%) of the 22 companies had positive 20-
day CARs. These positive values may reflect measures
taken within the company to mitigate the recall effect and
other unrelated factors affecting shareholders and market
value. Despite the small percentage of positive 20-day
CARs, the 95% confidence interval for 20-day CARs
included only negative values, from �1.43 to �8.85%.
Thomsen and McKenzie (32) and Pozo and Schroeder (26)
reported only the aggregated average CAR, not CARs for
individual companies, so comparison of the distribution of
individual CARs in those studies to those in the present
study was not possible.

In 2002, Wang et al. (60) concluded, based on a study
of five recall events from two meat producers, that the use
of a more complex model that considers generalized
autoregressive conditional heteroscedasticity (GARCH)
effects is warranted to account for variability in the returns.
However, in 2016, Murg et al. (24) compared abnormal
returns determined by both approaches for 26 Austrian firms
and concluded that the GARCH approach does not add extra
value compared with the simpler regression; minimal
differences were obtained between the average abnormal
returns calculated with both models. In several other
studies, a CAR approach has been used successfully for
analyzing the economic impact of recalls in the Chinese
food industry (20), the Chinese auto, pharmaceutical, food,
and electronics industries (62), the U.S. auto industry (15–
17), the U.S. toy industry (12), and the U.S. meat and
poultry industries (26, 32). Therefore, the simple OLS
model and CAR approach was deemed sufficient to conduct
the analyses in the present study.

The regression equations for predicted returns yielded
P values of ,0.001 for all 22 cases. The R2 values for the
regression models were low, from 0.032 to 0.532, with an
average of 0.290, which was consistent with other stock
return event studies. Thomsen and McKenzie (32) and Pozo
and Schroeder (26) reported R2 values of 0.185 and 0.148,
respectively. R2 values reported by Salin and Hooker (29)
and Kong et al. (20) were ,0.38 and 0.12, respectively. R2

values were expected to be low because changes in the
market do not always account for changes in the stock
returns of individual companies; however, all the regression
models were significant (P , 0.001).

A secondary regression between days postrecall (0 to
20) and CARs for each company had a significant (P¼ 2.6
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3 10�6) negative slope (�0.268), indicating a negative
relationship between time after a recall announcement and
CAR. With the 95% confidence interval for the 20-day
CAR, these results provide strong evidence that CAR is
negatively affected by a class I recall.

Separate regressions indicated no significant relation-
ship (P ¼ 0.59, 0.50, and 0.90) between CAR and market

capitalization (a representation of company size), CAR and
total value of recalled product (for recalls which the
information was available), and CAR and number of
product-associated illnesses, respectively. Thus, none of
these factors were considered to be confounding variables
for this study. These results differ from those of Pozo and
Schroeder (26), who found that company size and size of

TABLE 1. Summary of recalls included in this study

Year Reference Company Food product(s) Pathogen

Estimated retail
value ($) of recalled

product (ref.)

No. of
associated

illnesses (ref.)

Prerecall company
market capitalization

(billion $)
20-Day
CAR

2007 10 A Peanut butter Salmonella 625,900,000 (61) .700 (34) 7.18 �4.96
2009 38 B Cookies and

sandwich
crackers

Salmonella 49,000,000 (24) .700 (9) 12.59 �4.32

2009 37 C Pistachios Salmonella 0 0.12 �1.65
2009 36 D Snack bars Salmonella 229,500 (36) 0 9.94 �6.48
2009 39 E Nut topping Salmonella 0 15.73 �7.25
2009 35 F Pistachios Salmonella 0 80.53 �8.60
2010 41 G Potato crisps Salmonella 0 184.59 �3.86
2010 40 H Dip and bread

mixes
Salmonella 0 4.27 �2.30

2011 42 I Peanut butter Salmonella 67,000 (61) 0 7.24 5.98
2012 43 D Granola bars Salmonella 863,000 (18) 0 21.94 0.647
2014 44 C Walnuts and

cookie pieces
Salmonella 0 0.44 �26.49

2014 46 H Ground oregano Salmonella 22,000 (46) 0 8.27 �1.58
2014 45 J Carob powder Salmonella 0 0.53 �24.21
2015 47 E Seasonings Salmonella 0 36.94 �8.02
2016 49 D Flour and

baking mixes
Escherichia coli 23,310,000 (5) 63 (49) 35.53 �0.09

2016 54 K Sunflower seeds
and granola
bars

Listeria
monocytogenes

0 4.09 4.77

2016 56 L Bread mix Salmonella 0 4.64 �11.99
2016 50 B Waffles L. monocytogenes 2,500,000 (50) 0 26.17 �3.91
2016 51 M Cereal L. monocytogenes 0 5.27 8.39
2016 53 N Sunflower

kernels
L. monocytogenes 0 0.45 �14.54

2016 48 O Tea Salmonella 0 103.09 �2.44
2016 52 F Snack bars L. monocytogenes 0 150.33 �2.06

FIGURE 1. Cumulative abnormal returns (CAR) after 22 recalls by publicly held companies in the low-moisture food industry (thin
lines), and the corresponding cumulative average abnormal return (thick line). Day 0 is the day of the company’s recall announcement.
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recall had significant positive and negative relationships,
respectively, with abnormal returns. This difference is likely
due to the much larger size of their study and use of a more
advanced regression model, which could be of value for
analyzing the low-moisture food industry if a larger data set
were available.

The present study did not include an examination of the
effects of other peripheral variables, such as media coverage
and experience administering a recall. However, these
factors affect the economic impact of recalls on companies
(26, 29). Inclusion of such variables in a more advanced
model could account for some of the variability in CAR
seen in the existing data.

The mean loss in the market capitalization of the
affected companies, corresponding to the average 20-day
CAR, was $1.22 billion. This loss was heavily influenced by
a few recalls by companies with very high market
capitalizations, and therefore the median loss of $243
million is a more relevant statistic for representing potential
loss in market capitalization.

To illustrate the potential positive economic benefit of
implementing food safety technologies that might reduce
recall risk, an example annual loss due to risk of recall was
approximated based on an estimated probability of recall
due to foodborne pathogens for companies producing low-
moisture foods. First, the number of publicly held
companies that produce or utilize low-moisture foods in
the United States was roughly estimated as 200. The annual
number of pathogen-linked recall events for these compa-
nies was roughly estimated as 2.2, based on observed
occurrences of recalls for publicly held companies in the
FDA recall archives (i.e., 22 recalls over a 10-year period).
Given these two rough estimates, the annual probability of a
recall event for a given company was then estimated as
0.011, and this value was multiplied by the median
company loss in value to yield a median impact of
~$2,673,000, which represents an example annual cost of
risk due to potential class I recalls within this population of
companies.

In the same illustration, if we assume that the
installation of an improved pathogen control system or
other food safety intervention will reduce the risk of
pathogen survival by 1 log CFU and therefore reduce the
annual risk of a recall by some lower factor such as a
conservatively estimated fivefold (to 0.0022), then the
annual cost of recall risk would be reduced to about
$534,600. Therefore, in this scenario, investing in food
safety technology could result in an estimated savings of
about $2.1384 million in annual risk reduction. Therefore,
an example $1 million investment in an improved pathogen
control technology or other risk reduction system would
have a payback period of approximately 6 months. The
assumptions for risk of recall and risk reduction from
implementation of food safety technologies used in this
example were very rough but presumably conservative
estimates and ultimately should be modeled with more
detailed probability distributions to more accurately de-
scribe a range of risk. However, this analysis is presented
here as an illustration of how monetizing the costs of recall

events could be used to inform business decisions for
investments in food safety interventions.

Numerous recall events could not be included in this
study because the individual affected company merged with
another company, was bought out, or went bankrupt, and
stock value data were not available for these cases.
However, because those excluded events actually resulted
in more catastrophic business outcomes for the affected
companies, the results in the present study actually might
underrepresent the magnitude of the negative economic
impact of recalls of low-moisture foods across the entire
industry. The economic impact of recalls also will be
increasingly more important as the use of whole genome
sequencing (55) is expected to increase the number of
detected outbreaks and therefore increase the number of
recalls.

The methods described in this study make it possible to
quantify recall-associated losses in value of publicly traded
food companies in the low-moisture food industry. This
quantification could provide incentive and financial justifi-
cation for food producers to invest in food safety
technologies. Further studies are needed to incorporate this
approach into risk-based analyses linking improved patho-
gen control systems to recall risk and the associated
economic impacts.
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