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Chloramphenicol (CAP) has been illegally used in many shrimp farms in South East Asia, including
Indonesia. We performed an experiment of elimination simulation of CAP in tiger shrimp (Penaeus
monodon) and white shrimp (Litopenaeus vannamei). After 5 days of depuration process, the concen-
tration of CAP in P. monodon decreased to 94.85% (muscle), 97.98% (cephalothoraxes), and 90.30%
(exoskeleton). The elimination half-life of CAP in P monodon was 0.596 day in the muscle, 0.716 day in
cephalothorax, and 0.437 day in exoskeleton. On the other hand, concentrations of CAP in L. vannamei
decreased to 97.74% (muscle), 90.30% (cephalothoraxes), and 97.63% (exoskeleton). The elimination half-
life of CAP in L. vannamei was 0.6624 day (muscle), 0.859 day (cephalothorax), and 0.796 day
(exoskeleton). CAP was retained better by P. monodon compared to L. vannamei.
Copyright © 2016 Institut Pertanian Bogor. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

shrimp

1. Introduction

Shrimp production from aquaculture in Indonesia continues to
increase: in 2011, it reached 410,000 tons and 415,703 tons in 2011.
It is expected to increase to 785,900 tons in 2015. The shrimps are
exported mostly to the United States, European Union, and Japan.
Extensive, semi-intensive, and intensive techniques have been
applied to manage shrimp production in Indonesia (Graslund and
Bengtsson 2001). Intensive techniques have high risk of disease
outbreaks caused by virus, bacteria, fungi, and other pathogens. The
structures of antibiotics are largely composed of structures that are
covered by cyclic components, represented by piperazine units,
benzene rings, hexahydropyrimidines, and quinolone, morpholine,
and sulfonamides groups. Activated metabolites, conjugates, and
hydroxylated forms are metastable compounds after treated in
humans or animals (Manzetti and Ghisi 2014). Among antibiotics
that are commonly used in aquaculture, chloramphenicol (CAP),
erythromycin, streptomycin, prefuran, and neomycin are also used
in the treatment of bacterial disease in shrimp and ornamental fish
(Supriadi et al. 2000). Because of its effectiveness against gram-
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positive and gram-negative bacteria, CAP is well known as a broad
spectrum antibiotic. The use of CAP in shrimp farms and hatcheries
has been reported (Graslund and Bengtsson 2001; Leston et al.
2013). Although the use of antibiotics in aquaculture production
can promote growth and improve the production of aquatic prod-
ucts, excessive use of these compounds will lead to concentration of
antibiotics in aquatic products that is higher than national and
international food safety standards. Because of the well-known risk
of anemia and carcinogenic properties of CAP, the presence of CAP
in food is considered illegal and unacceptable in the European
Community (EC) since 1994. Furthermore, according to the Euro-
pean Commission Decision 2001/699/EC, 2001/705/EC, 2002/249/
EC, 2002/250/EC, and 2002/251/EC, certain fishery and aquaculture
products, imported from China, Vietnam, Indonesia, Thailand, and
Myanmar, intended for human consumption, must be subjected to
testing to ensure the absence of CAP residues (Impens et al. 2003;
Conti et al. 2015). CAP is one of nine types of food additives that
are banned in Indonesia (Permenkes No. 722/Menkes/Per/IX/88).
Nevertheless, the use of CAP in fishery commodities (shrimp and
fish) has spread in local, regional, and international levels that it has
hampered exports, especially shrimp from Indonesia to various
countries in the world. Peak export failure the implementation of
zero tolerance occurs when the content of CAP by EU countries for
commodities imported shrimp (Islamulhayati et al. 2005).

1978-3019/Copyright © 2016 Institut Pertanian Bogor. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:henis@batan.go.id
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hjb.2016.07.001&domain=pdf
www.sciencedirect.com/science/journal/19783019
http://dx.doi.org/10.1016/j.hjb.2016.07.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.hjb.2016.07.001
http://dx.doi.org/10.1016/j.hjb.2016.07.001

118 H. Suseno, et al

Indonesia also has national standards for CAP at shrimp product.
According to Indonesia National Standard no SNI 01-2705.1-2006,
frozen shrimp products have to contain zero CAP.

There is a lack of study on biokinetic approach for bio-
accumulation and depuration of CAP in shrimp. Most studies focus
on environmental monitoring regarding the CAP content at fish
product (Impens et al. 2003; Conti et al. 2015). Zhao et al. (2015)
have studied bioaccumulation and sulfonamides in common carp
(Cyprinus carpio) under experimental controlled conditions. The
uptake and depuration of a range of pharmaceuticals in the fresh-
water shrimp (Gammarus pulex) and the water boatman (Notonecta
glauca) have been studied by Meredith-Williams et al. (2012).
Moreover, pharmacokinetics of antibiotic have been studied in
shrimp by Reed et al. (2004) and in abalone by Rosenblum et al.
(2008). Furthermore, Weifen et al. (2004) reported depletion of
antibiotic residue (CAP, sulfamethoxazole, and oxytetracycline
[OTC]) in shrimp muscle after oral administration in shrimp
Penaeus chinensis under field conditions. There are uptake and
depuration of some pharmaceutical products (5-fluorouracil, car-
vedilol, diazepam, and moclobemide) by freshwater shrimp (G.
pulex) and water boatman (N. glauca). Furthermore, Kim et al.
(2014) investigated the bioaccumulation of tetracycline through
dietary and aqueous routes in Daphnia magna. The objectives of our
study were to characterize depuration kinetic of CAP from some
part (head, muscle, and exoskeleton) of tiger shrimp and white
shrimp. The aim of this study was to find information on the res-
idue of CAP in some part of shrimp after depuration procedure
carried out by farmers in field.

2. Methods

2.1. Shrimp feeding

The experiment was carried out at the Laboratory for Coastal
Development, Diponegoro University. The experiment followed
Weifen et al. (2004) with some modifications. Briefly, shrimps
Penaeus monodon and Litopenaeus vannamei were caught from the
pond at Jepara aquaculture areas. The size of shrimps was
11.2—12.5 cm. About 50 shrimps were cultured in concrete tanks.
Temperature was ambient, and the salinity was 29 ppt. Bubbling air
to produce oxygen content was Kkept close to saturation. Acclima-
tization of shrimp was carried out for 2 weeks. CAP for veterinary
use was evenly mixed with the normal shrimp ration at the theo-
retical concentration of 2000 mg drug/kg. Shrimps were fed twice
once in the morning and once in the afternoon in accordance with
the procedures of local farmers. Shrimp samples were collected on
0,1, 2, 3,4, and 5 days after feeding. Six shrimps were collected for
each sampling time, and they were separated into three parts:
muscle, head, and exoskeleton. Each part was mixed and homog-
enized. Control sample was collected. All samples were held frozen
until analyzed.

2.2. Sample analysis for CAP

Analysis of CAP was performed at the laboratory of Institute for
brackish Aquaculture (BBPAP). The laboratory is accredited by Na-
tional Accreditation Committee of Indonesia (KAN). The method of
CAP analysis was referred to BIOO Scientific Corp (2007). Briefly,
samples were homogenized with a mixer. Three grams of the ho-
mogenized sample was weighed and mixed with 6 mL of ethyl
acetate, and then, the sample was vortexed for 3 minutes at
maximum speed. Next, the sample was centrifuged for 5 minutes at
4000x g at room temperature (20°C—25°C). Four milliliters of the
ethyl acetate supernatant was transferred into a new vial and a
rotary evaporator to dry the sample in a 60°C—70°C water bath
under reduced pressure. The dried residues were dissolved in 2 mL
of n-hexane. Sample extraction buffer was added and was mixed by

vortexing at maximum speed for 2 minutes. Centrifugation was
carried out for 10 minutes at x4000 g at room temp. The upper
hexane layer was discarded. Fifty microliters of lower aqueous layer
per well was used for the assay. In case emulsion happened, the
upper n-hexane layer was removed, and the lower aqueous layer
was incubated in water bath for 3 minutes at 80°C—95°C. Optical
density was measured at 450 nm with a R. Bioparm Well Reader
Multiskan microplate (Thermo Fisher Scientific, USA) for all anti-
microbials tested. Standard curves were constructed by plotting the
mean relative absorbance (%) obtained from each reference stan-
dard against its concentration in ppb on a logarithmic curve. The
mean relative absorbance values for each sample were used to
determine the corresponding concentration of the tested drug.

3. Result and Discussion

We used enzyme-linked immunosorbent assay method for CAP
analysis because it is quite well-known for its speed and accuracy.
Nevertheless, this method has disadvantages, both of which are
derived from the color noise and disruption caused by the presence
of metal ion samples (Yang et al. 2012). After feeding, the CAP
residues in muscle, cephalothorax, and exoskeleton of P. monodon
were 0.661, 2.23, and 1.65 pg/kg, respectively (Figures 1 — 3)
(Suseno et al. 2015). On the other hand, CAP contents in L. vannamei
were 1.33, 3.00, and 2.4 pg/kg. The cephalothoraxes contained the
highest concentration of CAP than muscle and exoskeleton. The
digestive track of shrimp is located in cephalothoraxes and
responsible for nutritional function such as ingestion, nutriments
transit, chemical and mechanical digestions, cellular absorption,
and transfer of excreta (Ceccaldi 1989). Within elimination treat-
ment, the concentrations of CAP in shrimp muscle, exoskeletons,
and cephalothorax dropped rapidly.

The first order of one-compartment kinetic model was fitted to
the depuration measurements for P. monodon and L. vannamei. The
CAP concentration at muscle of L. vannamei decreased fast within 1
day, and the curve began to slow down at the later stage of the
eliminations. On other hand, CAP concentration in the muscle of
P. monodon decreased fast within 3 days. Depuration CAP process at
exoskeleton and cephalothorax did decrease quickly within 2 days,
both in P. monodon and in L. vannamei. The elimination of CAP was
modeled using double-component exponential model
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Figure 1. CAP residue in muscle.
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Figure 3. CAP residue in exoskeleton.

where Cy and Cy; are CAP concentrations (pg/kg) at time 0 (d) and ¢,
respectively, for short-lived (s) and long-lived (1) components, and
ke is the elimination rate constant (d~!) (Reinardy et al. 2011). The
retaining concentrations of CAP in the shrimp muscle, head, and
exoskeleton were plotted against time. Regression linear was used
to determine the elimination of CAP. Elimination half-life (t1,2) was
then calculated using the equation:

In2
tip = Ko (2)

where k. is the slope (elimination rate coefficient). The kinetic
parameter was provided in Table. The elimination half-life of CAP in

Table. Biokinetic parameter of CAP elimination from tiger shrimp and white shrimp

Shrimp Body parts
Muscle Cephalothorax Exoskeleton
kef kes kef kes kef kes
Penaeus monodon 0.596 0.0068 0.716 0.016 0.437 0.0096
Litopenaeus vannamei  0.6624 0.0085 0.859 0.03 0.796 0.0006

P monodon was 0.596 day in the muscle, 0.716 day in cephalo-
thorax, and 0.437 day in exoskeleton. On the other hand, in
L. vannamei, it was 0.6624 day in muscle, 0.859 day in cephalo-
thorax, and 0.796 day in exoskeleton. Thus, CAP was retained better
by P. monodon than by L. vannamei. Weifen et al. (2004) reported
that elimination half-life (t1/2) of CAP was 10.04 hours. Reed et al.
(2004) reported that OTC did not accumulate in muscle tail.
Furthermore, results of analysis of exoskeleton have shown that
OTC concentration was below limit detection. Reed et al. (2004) also
explained that the distribution of antibiotic in tissue of shrimp is
very fast. In our experiment, the elimination half-life was short
because the distribution rates in muscle, cephalothoraxes, and
exoskeleton were very fast. Nogueira-Lima et al. (2006) studied the
depletion and distribution OTC residue in L. vannamei tissue. The
levels of OTC residue rapidly dropped after 72-hour termination
treatment and then reached a residue level of 0.1 pug/g. In contrast,
Leston et al. (2013) reported that CAP uptake by sea weed Ulva
lactuca reached equilibrium within hours. Our experiment results
were different from previous works on antibiotic elimination
because we studied different organisms and different kinds of an-
tibiotics. Furthermore, antibiotic elimination from shrimp is also
influenced by environmental factors such a temperature and
salinity (Reed et al. 2004; Nogueira-Lima et al. 2006). Moreover, the
present experiment was performed in open mini-hatchery tanks
near the site of shrimp farming.

After 5 days of depuration process, the concentrations of CAP in
P. monodon were 0.034 (muscle), 0.062 (exoskeleton), and 0.045 pg/
kg (cephalothorax). On the other hand, CAP concentrations in
L. vannamei were 0.03, 0.062, and 0.041 pg/kg, as well as
P. monodon. There have been few studies on CAP elimination from
shrimp. Weifen et al. (2004) reported that after feeding, CAP con-
centration in muscle of P. chinensis was 0.84 ug/kg. After 4 hours of
elimination process, its concentration increased to 3.5 pg/kg.
However, the concentration decreased gradually and became un-
detected after 84 hours. Although in our experiment, the CAP
decreased to more than 90%, its residue was still retained. More-
over, according to Council Regulation EEC No. 2377/90 (European
Communities), CAP should not be able to be detected in food
products at all, regardless of concentrations (Hanekamp and Bast,
2003). Furthermore, according to the Indonesia National Standard
No SNI 01-2705.1-2006 about quality and food safety re-
quirements, the concentration of CAP should be O ppm. On the
other hand, the CAP is still used at a dose of 5 ppm in shrimp
aquaculture and ornamental fish (Supriyadi et al. 2000). Susanti
et al. (2009) reported that CAP is still used illegally in shrimp
farming to prevent disease. Ardina (2011) reported that CAP was
detected at 0.038 ppb—0.054 ppm level in frozen black tiger
shrimp. It is difficult to control the use of CAP in shrimp farming in
Indonesia because there are two market segmentations. The first
market is export oriented, and it requires zero content of CAP. The
product for this market should be certified through a legal and
accredited laboratory. On the other hand, the second market is for
local Indonesian consumers, and the products can be sold without
any laboratory testing.

In conclusion, after 5 days of depuration process, the concen-
tration of CAP in P. monodon decreased to 94.85% (muscle), 97.98%
(cephalothoraxes), and 90.30% (exoskeleton). The elimination half-
life of CAP in P. monodon was 0.596 day in the muscle, 0.716 day in
cephalothorax, and 0.437 day and in exoskeleton. On the other
hand, concentration of CAP in L. vannamei decreased to 97.74% (in
muscle), 90.30% (cephalothoraxes), and 97.63% (exoskeleton). The
elimination half-life of CAP in L. vannamei was 0.6624 (muscle),
0.859 (cephalothorax), and 0.796 day (exoskeleton). CAP was better
retained by P. monodon than by L. vannamei.



120 H. Suseno, et al

Conflict of interest
The authors report that they have no conflict of interest.
Funding

This research was funded by the National Incentive Research
Program (National Research Competition) from Ministry of
Research, Technology and Higher Education RD-2015-0281.

Acknowledegments

The authors thank Mr. Muji, Mr. Mohammad Nur Yahya, and Mr.
Deddy Irawan Permana Putra and also Ms. Wahyu Retno Prihati-
ningsih for their help and performance experiments.

References

Ardiana. 2011. Analysis of Antibiotic Residue of Chloramphenicol (CAP) on Tiger
Shrimp (Penaeus monodon) and Frozen Ebi Furai that Use Enzyme Linked
Immunoassay (ELISA). Thesis of Pangkep State Polytechnic.

Ceccaldi HJ. 1989. Anatomy and Physiology of Digestive Tract of Crustaceans
Decapods Reared in Aquaculture. Advances in Tropical Aquaculture Tahiti; Feb.
20-March 4, 1989 Aquacop. Ifremer. Actes de Colloque 9. pp. 243—59.

Conti GO, Copat C, Wang Z, D'Agati P, Cristaldi A, Ferrante M. 2015. Determination of
illegal antimicrobials in aquaculture feed and fish: an ELISA study. Food Control
50:93741.

Graslund, Bengtsson BE. 2001. Chemicals and biological products used in south-east
Asian shrimp farming, and their potential impact on the environment, a review.
Sci Total Environ 280:93—131.

Hanekamp JC, Bast A. 2003. Antibiotics exposure and health risks: chloramphenicol.
Environ Toxicol Pharmacol 39:213—22.

Impens S, Reybroeck W, Vercammen ], Courtheyn D, Ooghe S, De Wasch K,
Smedts W, De Brabander H. 2003. Screening and confirmation of chloram-
phenicol in shrimp tissue using ELISA in combination with GC—MS2 and
LC—MS2. Anal Chim Acta 483:153—63.

Indonesia National Standard No SNI 01-2705.1-2006. Specification of Freeze
Shrimp, BSN, Indonesia Regulation of Indonesian Health Ministry No. 722/
MENKES/PER/IX/88 about additive in Food.

Kim HY, Jeon J, Hollender ], Yu S, Kim SD. 2014. Aqueous and dietary bioaccumulation
of antibiotic tetracycline in D. magna and its multigenerational transfer. | Hazard
Mater 279:428—35. http://dx.doi.org/10.1016/j.jhazmat.2014.07.031.

Islamulhayati, Keman S, Yudhastuti R. 2005. Pengaruh Residu Khloramfenikol
Dalam Udang WinduTerhadap Kejadian Anemia Aplastik Pada Mencit. Jurnal
Kesehatan Lingkungan 1(2):99—109.

Leston S, Nunes M, Viegas I, Ramos F, Pardal MA. 2013. The effects of chloram-
phenicol on Ulva lactuca. Chemosphere 91:552—7. http://dx.doi.org/10.1016/
j.chemosphere.2012.12.061.

Manzetti S, Ghisi R. 2014. The environmental release and fate of antibiotics. Mar
Pollut Bull 79:7—15. http://dx.doi.org/10.1016/j.marpolbul.2014.01.005.

Meredith-Williams M, Carter L], Fussell R, Raffaelli D, Ashauer R, Boxall ABA. 2012.
Uptake and depuration of pharmaceuticals in aquatic invertebrates. Environ
Pollut 165:250—8. http://dx.doi.org/10.1016/j.envpol.2011.11.029.

Nogueira-Lima AC, Gesteira TCV, Mafezoli ]J. 2006. Oxytetracycline residues in
cultivated marine shrimp (Litopenaeus vannamei Boone, 1931) (Crustacea,
Decapoda) submitted to antibiotic treatment. Aquaculture 254(2006):748—57.
http://dx.doi.org/10.1016/j.aquaculture.2005.11.021.

Reed LA, Siewicki TC, Shah JC. 2004. Pharmacokinetics of oxytetracycline in the
white shrimp, Litopenaeus setiferus. Aquaculture 232:11-28.

Reinardy HC, Teyssie J-L, Jeffree RA, Copplestone D, Henry TB, Jha AN. 2011. Uptake,
depuration, and radiation dose estimation in zebrafish exposed to radionuclides
via aqueous or dietary routes. Sci Total Environ 409:3771—9. http://dx.doi.org/
10.1016/j.scitotenv.2011.06.05.

Rosenblum ES, Robbins TT, Scott BB, Nelson S, Juhasz C, Craigmill A, Tjeerdema R,
Moore ]D, Friedman CS. 2008. Efficacy, tissue distribution, and residue deple-
tion of oxytetracycline in WS-RLP infected California red abalone Haliotis
rufescens. Aquaculture 277(2008):138—48.

Supriyadi H, Rukyani A. 2000. The use of chemicals in aquaculture in Indonesia. In:
Arthur JR, Lavilla-Pitogo CR, Subasinghe RP (Eds.). Use of Chemicals in Aqua-
culture in Asia: Proceedings of the Meeting on the Use of Chemicals in Aquaculture
in Asia 20—22 May 1996, Tigbauan, Iloilo, Philippines. Tigbauan, Iloilo,
Philippines: Aquaculture Department, Southeast Asian Fisheries Development
Center. pp. 113-8.

Susanti M, Isnaeni, Poedjiarti S. 2009. Validation of bioautographic method for the
determination of chloramphenicol. ] Kedokt Indones 1:15—24.

Suseno H, Muslim, Hudiyono S, Makmur P. 2015. Studi Biokinetika Antibiotika
Menggunakan Penanda Radioaktif ®™Tc Untuk Memperoleh Metoda Penur-
unan Kandungan Antibiotik Dari Tubuh Udang Windu (Penaeus monodon) dan
Udang Vaname (Litopenaeus vannamei) Sebelum Dilakukan Pemanenan. Final
Report SINAS Project in Seminar SINAS 2015 (Indonesia language).

Weifen W, Hong L, Changhu X, Jamil K. 2004. Elimination of chloramphenicol,
sulphamethoxazole and oxytetracycline in shrimp, Penaeus chinensis following
medicated-feed treatment. Environ Int 30:367—73.

Yang SY, Ho CS, Lee CL, Shih BY, Horng HE, Hong C-Y, Yang H-C, Chung Y-H, Chen ]C,
Lin TC. 2012. Immunomagnetic reduction assay on chloramphenicol extracted
from shrimp. Food Chem 131:1021-5.

Zhao H, Liu S, Chen ], Jiang J, Xie Q, Quan X. 2015. Biological uptake and depuration
of sulfadiazine and sulfamethoxazole in common carp (Cyprinus carpio). Che-
mosphere 120:592—7. http://dx.doi.org/10.1016/j.chemosphere.2014.09.075.


http://refhub.elsevier.com/S1978-3019(16)30041-9/sref1
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref1
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref1
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref2
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref2
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref3
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref3
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref3
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref3
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref4
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref4
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref4
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref4
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref20
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref20
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref20
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref5
http://dx.doi.org/10.1016/j.jhazmat.2014.07.031
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref7
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref7
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref7
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref7
http://dx.doi.org/10.1016/j.chemosphere.2012.12.061
http://dx.doi.org/10.1016/j.chemosphere.2012.12.061
http://dx.doi.org/10.1016/j.marpolbul.2014.01.005
http://dx.doi.org/10.1016/j.envpol.2011.11.029
http://dx.doi.org/10.1016/j.aquaculture.2005.11.021
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref12
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref12
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref12
http://dx.doi.org/10.1016/j.scitotenv.2011.06.05
http://dx.doi.org/10.1016/j.scitotenv.2011.06.05
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref14
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref14
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref14
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref14
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref14
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref15
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref19
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref19
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref19
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref16
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref16
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref16
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref16
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref16
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref21
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref21
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref21
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref21
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref17
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref17
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref17
http://refhub.elsevier.com/S1978-3019(16)30041-9/sref17
http://dx.doi.org/10.1016/j.chemosphere.2014.09.075

	Elimination of Chloramphenicol by Tiger Shrimp (Penaeus monodon) and White Shrimp (Litopenaeus vannamei)
	1. Introduction
	2. Methods
	2.1. Shrimp feeding
	2.2. Sample analysis for CAP

	3. Result and Discussion
	Conflict of interest
	Funding
	Acknowledegments
	References


