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INTRODUCTION

RESULTS & DISCUSSION

Salted beef is commonly known as the “food of sailors” because it was the
staple for centuries on European sailing vessels. Nearly every shipboard account
from the 16th to 18th centuries mentions the consumption of salted beef. Though
many historical accounts of sailors’ health and diet exist, little is known about
the microbes that were present and consumed in their diet. Salted beef was
recreated using historical, archaeological, and ethnographic sources. The beef
was stored in barrels and subjected to a 6-week simulated voyage on Elissa in
Galveston, Texas. Samples of salted beef were collected regularly and taken to
the USDA Agricultural Research Service laboratory in College Station, Texas
for microbiological analysis. The purpose of this research is to determine
identities of sampled microbes and their possible effects on sailors.

-Microbial activity decreased over time in all media. (Table 1.1-1.3)
-A total of 7 pure culture isolates from the bacteria have been identified thus far (Table 2),
most of which are commonly found in soil and water environments and are opportunistic
pathogens
-This suggests that while eating the beef does not warrant any danger, wounded or sick
sailors were likely at a high risk of infection
-The majority of identified microbes produce histamines possibly leading to decreased
sensitivity to histamine over time, and therefore a stronger immune system
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HYPOTHESIS
Microbes hypothesized to grow in the salted beef include: Halamonas salina and
Pediococcus halophilus (halophiles), Lactobacillis and Pediococcus homari
(halophiles and heat-tolerant), Halobacterium halobium (aw=0.75), Listeria
monocytogenes (aw=0.92), Micrococcus halodenitrificans (aw=0.85), Staphylococcus
aureus (aw=0.86), and Virbrio costicola (aw=0.85). In addition, due to the lack of
proper sanitation and sterilization, most 17th-century sailors likely experienced
gastrointestinal issues resulting from Salmonella or Staphylococcus aureus infections
via consumption of beef.

Table 2: A chart of characteristics noted for the sequenced microbes based on morphology, pathology, mode of transmission, origin, production of histamine,
nitrogen fixation, temperature sensitivity, and salt tolerance.

CONCLUSIONS & NEXT STEPS

Figure 1: Salted beef
submerged inside barrel filled
with brine.

Figure 2: Color comparison between the
inside and outside of a salted beef sample.

Figure 3: Salted beef samples plated onto
several differential media.

MATERIALS & METHODS
● An antibiotic and hormone-free grass-fed steer was butchered on August 5, 2017
● The beef was salted and brined according to John Collins’ 1682 recipe
● On August 18, 2017, the barrel of salted beef was transported to Galveston and
loaded into the dock of Elissa
● Samples of the salted beef (both inside and outside washes) were collected
regularly over a 6-week period
● These samples were plated on differential and selective media
● All cultures were purified and subjected to 16s rRNA sequencing and BLAST
analysis

Most of the microbes are considered opportunistic pathogens that could cause issues
in wounded and immunocompromised sailors but primarily through direct contact
and not ingestion. In the upcoming months, the project will strive to interpret the
microbiological and nutritional findings in order to better understand the Hygiene
Hypothesis. The Hygiene Hypothesis attributes the proliferation of allergies and other
diseases in modern society to the lack of exposure to infectious agents and the
waning diversity of gut flora. By understanding what 17th-century sailors were
regularly exposed to in their diet, it may be possible to determine the way their diet
impacted their immune system. Furthermore, the project continues to sequence and
characterize microbes from the shipboard food in hopes of discovering novel strains
of probiotics that could offer health benefits for many today.

Table 1.1: Averages of microbial counts on Blood Agar in logarithmic format. Data for inside washes was
condensed from three replicates. Some samples were unable to be plated due to technical difficulties.
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Table 1.2: Averages of microbial counts on Blood Agar in logarithmic format. Data for inside washes was condensed from
three replicates. Samples cooked between 10-40 minutes to determine minimal microbe activity.

ACKNOWLEDGEMENTS
Andrew Fielding of Ecosal-UK, and Karyn and Calvin Medders of Chubby Dog Farm

Figure 1 (Left): A folio from John Collins’ 1682 discourse on salt, showing
the salted beef recipe used in this experiment.
Figure 2 (Right): Elissa, a 19th-century tallship in Galveston, Texas.

Table 1.3: Averages of microbial counts on Rogosa in logarithmic format. Data for inside washes was condensed from
three replicates. Samples cooked between 10-40 minutes to determine minimal microbe activity.
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