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Health &
Welfare

Immersion baths with eugenol can
mitigate stress responses in farmed
shrimp from transportation

23 May 2022
By Xuanyun Huang, Ph.D.

Treatments bene�cial to mitigate animal stress responses
after handling and shipping

Various �sh and shell�shes are usually subjected to several stressors, including capture, handling,
crowding, induced spawning and transportation in the aquaculture, which in�uence the physiological
stress response and mechanical damage. Hence, a variety of anesthetic agents are effective to reduce
stress and risk of injuries during various aquaculture procedures. Among them, eugenol – a liquid
extracted from clove, basil, nutmeg, cinnamon and other plants – is the most commonly used
anesthetic and has demonstrated its e�cacy, safety and affordability as a crustacean anesthetic.
However, the e�cacy of eugenol is closely related to various factors, resulting in variations of the
induction and recovery times. Hence, the safety of eugenol should be evaluated when it is used in
certain species.

The Paci�c white shrimp (Litopenaeus vannamei) is the most important farmed shrimp species in the
world. Large numbers are regularly moved live globally, and the animals can suffer damage and stress
during capture, handling and crowding in transportation, resulting in high morbidity and low post-
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transport survival rate. There is no related research on the anesthetic e�cacy and safety of eugenol in
Paci�c white shrimp.

This article – adapted and summarized from the original publication (https://doi.org/10.1186/s12917-
022-03145-3) [Tang, Y. et al. 2022. Pharmacokinetics studies of eugenol in Paci�c white shrimp
(Litopenaeus vannamei) after immersion bath. BMC Vet Res 18, 122 (2022)] – reports on a study to
investigate the pharmacokinetics [fate of substances administered to a living organism], tissue
distributions and elimination of eugenol are investigated in L. vannamei for the �rst time.

Study setup
Approximately 1,500 L. vannamei (12 ± 2.0 grams) were purchased from a commercial supplier in
Shanghai (China), and divided into six, 800-liter tanks with a fully aerated, circular water �ow system.
The shrimp were acclimated for 21 days, and six shrimp were examined to con�rm the original absence
of eugenol in hemolymph, hepatopancreas and muscle.

In this research, the pharmacokinetics of eugenol in Paci�c white shrimp were assessed by immersion
baths during simulated transportation periods. Treatments tested were determined to be bene�cial to
mitigate animal stress responses after handling and transportation, and results showed rapid
absorption and elimination of eugenol in L. vannamei, with recommended withdrawal periods of two to
48 hours for 10–300 mg/L treatments. Photo by Darryl Jory.

https://doi.org/10.1186/s12917-022-03145-3
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To investigate the anesthetic e�cacy of high eugenol concentrations on shrimp by immersion baths,
eugenol dissolved in 95 percent ethanol (ratio of eugenol to ethanol, 1:9) at 100, 150, 200, 300 and 400 
mg per liter of eugenol were evaluated at 20 ± 0.5 degrees-C. Ten shrimp were exposed to each
concentration.

The pharmacokinetics of eugenol were investigated by immersion baths of 300 mg/L eugenol over 5 
minutes (Treatment 1), 10 mg/L eugenol during 24 hours (Treatment 2) and a sequential immersion
administration (Treatment 3). Tissue samples were collected at different times for up to 120 hours
following the eugenol immersion bath, and the concentrations of eugenol in hemolymph,
hepatopancreas and muscle were determined through standard analytical methods.

For detailed information on the experimental design and animal husbandry; sample collection,
preparation and analysis; and statistical and pharmacokinetic calculations, refer to the original article.

Results and discussion

Effect of agavin on beneficial microbes
within Pacific white shrimp

Study provides the first evidence that a shrimp prebiotic like agavin may
selectively modify the microbiota in an organ-dependent effect.
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Anesthetics have been widely used for aquaculture animals to avoid injuries and stress, ensuring
adequate animal quality and safety during handling and transportation. Thus, it is important to assess
the e�cacy of the anesthetic dose in different aquaculture species.

After an immersion bath of Treatment 1, the elimination half-life values were 1.3 hours and 11 hours for
hepatopancreas and muscles, indicating the rapid absorption and elimination of eugenol in shrimp. For
Treatment 2,  the eugenol peak concentration was 6527.9 μg/kg in muscle, followed by 402.8 μg/kg in
hepatopancreas, with the lowest concentration of 37.9 μg/L in hemolymph.

Average residence time were 38.6, 23.0 and 115.3 hours for hemolymph, hepatopancreas and muscle,
respectively, which may indicate that the hepatopancreas is the main organ for elimination of eugenol.
Overall, our results suggest that eugenol tends to accumulate mostly in muscle, and after the
immersion bath, eugenol concentrations in muscle of Paci�c white shrimp were lower than 2.5 mg/kg
at 2 hours, 48 hours and 24.5 hours in Treatments 1–3, respectively.
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Three hundred micrograms per liter (μg/L) of eugenol over a 5-minute immersion bath (Treatment 1)
proved to have adequate anesthetic effects in the manipulation procedures of L. vannamei. The
eugenol was depurated in hemolymph after 2 hours and the value decreased from 5026.6 μg/kg to
81.2 μg/kg in muscle at about 12 hours (Fig. 1). Other authors have reported similar results in grass
carp and silver perch. Overall, our observations suggest that eugenol metabolism is rapid over a short
time.

To simulate the process of handling and transportation, the short-term and long-term treatments were
combined in a sequential immersion bath. The maximum concentration values [Cmax, a standard
measurement in pharmacokinetics, is the maximum or peak serum concentration that a drug achieves
in a speci�ed compartment or test area of the body after the drug has been administered and before the
administration of a second dose] of eugenol were 50.0 μg/L, 413.1 μg/kg and 7623.0 μg/kg in
hemolymph, hepatopancreas and muscle, indicating that eugenol accumulates in the hemolymph,
hepatopancreas and muscle. Compared to the peak concentrations in single-dose administration,
higher values could be observed in multiple-dose administration for several drugs, as reported by
numerous studies that report that most drugs tend to accumulate in shrimp hemolymph,
hepatopancreas and muscle.

Our observations also suggest that the elimination rate of eugenol in shrimp is more rapid than for
several �sh species. Similar results have been reported by various authors for the elimination of other
drugs like sulfamethoxazole, oxytetracycline and trimethoprim in shrimp compared to several �sh
species, which may be ascribed to the especial anatomy and physiology of shrimp, with its open
circulatory system which results in rapid drug excretion through the hemolymph and hepatopancreas.

We observed residual eugenol concentrations of 1.60, 2.43 and 1.77 mg/kg in shrimp muscle after 2 
hours during the short-term immersion (Treatment 1), 48 hours in the long-term immersion (Treatment
2) and 24.5 hours in the sequential immersion administrations (Treatment 3), which are both lower than
the concentration of 2.5 mg/kg recommended by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA (http://apps.who.int/iris/bitstream/10665/43408/1/WHO_TRS_934_eng.pdf)) for
acceptable daily intake in humans. Thus, 2 days is recommended as a minimum withdrawal period of
Paci�c white shrimp after any long-time eugenol exposure for human consumption.

Moringa leaf extract can boost Pacific
white shrimp immune responses

Including moringa leaf extract at a certain level enhanced immune
response, growth and resistance of L. vannamei against V.

alginolyticus infection.
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Fig. 1: Concentration-time curves of eugenol in hemolymph (a), hepatopancreas (b) and muscle (c) after
a 300 mg per liter immersion bath over a 5-minute period in Paci�c white shrimp.
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Perspectives
Based on our results, eugenol concentrations of 10 and 300 mg per liter are e�cacious and suitable for
sedation and anesthesia in Paci�c white shrimp weighing 12 ± 2.0 grams, and bene�cial to mitigate the
stress response after shrimp handling and transportation, improving biochemical responses and
reducing mortality.

This is the �rst study of pharmacokinetics and depuration of eugenol in 12 ± 2.0-gram Paci�c white
shrimp by immersion bath treatment. The pharmacokinetics of eugenol indicated a rapid absorption
and elimination in shrimp. To ensure the safe consumption of Paci�c white shrimp, a withdrawal period
of two days is recommended as the minimum withdrawal period of Paci�c white shrimp after any long-
time eugenol exposure. Our future work will evaluate the potential effects and concentrations on other
shrimp sizes.
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