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Abstract 

Machova 1., Z. Svobodova. 1. Svobodnik. V. Piacka, B. Vykusova, 
A. K 0 c 0 va: Persistence of Malachite Green in Tissues of Rainboll" Trol/f Ajier a long-term 
Therapeutic Buth. Acta vet. Bmo 1996,65: 151-159. 

The goal of this paper was to tesl the time of malachite green persistence in rainbow trout after 
long-term bath as well as to evaluate the quality of randomly sampled marketable rainbow trout 
from the point of view of malachite green residues. A 6-day-Iasting therapeutic bath of rainbow 
trout was performed in malachite green of 0.2 mg.l-1concentration. Its residues were then observed 
in muscle, liver and skin of treated fish. Immediately after the bath. malachite green was detected 
in mu,de. liver and skin at the levels of 0.712 ± 0.383, 0.83~ and 0.6~9 mg.kg- I . respectively. as 
a sum of both coloured form and \eukoform. Eight weeks after the bath. an expressive decrease of 
the coloured form of malachite green was found while its leukoform was detected in fish as late as 
after 10 months. Results of analyses were found negative twelve months after the bath. Marketable 
rainbow trout were randomly sampled for checking the malachite green content on 12 trout farms 
in the Czech Republic in 1993-1995. Malachite green was found in 2 case (in I of them only as 
a slightly inneased value in skin) while all other findings were negative. Hence, the results of our 
study indicate that malachite green persisted in the treated fish as a leukofonn for 10 months. It was 
evident that the 6-months withdrawal time. recommended in the Czech Republic was insufficient. 
In case of the frequent one-and-half-year-Iong productive cycle of rainbow trout we therefore do 
not n.:wmmend to carry out therapeutic baths in malachite green for fish older than 6 months. 

Malachite greclI, OllcorhYllchllS lIIykiss. theral"'lltic !>lIIh. residlln. \)·ithd,.LIIl"lIltillle 

The application of malachite green in fisheries is a long discussed problem. Its fungicidal 
effects have been known since 1930's (Foster and Woodbury 1936). During the 
1950' s, malachite green had been used as antiseptic in medicine, as well as a remedy against 
both external and internal parasites. In 1960' s. malachite green has appeared to be the most 
effective remedy against unicellular ciliate ectoparasites. i.e. namely against 
Ichthyophthirills IIlltltifiliis. Its importance was enhanced after a discovery of its 
effecti\'eness against fungus Sapro/{'gllia sp. on eggs. This was how malachite green became 
consequently one of the most frequently used preparations in fisheries. A large number of 
data in literature (e.g. LuckS 1978: Jeney et al. 1979: Scott 1982: Alderman 
1985; Antychowicz and Rogulska 1985: Bastiawan 1986: VykuSOV{1 and 
Svobodova 1986: Clifton-Hadley and Alderman 1987: Eimen 1989; 
Rydlo 1990: Alderman and Clifton-Hadley 1993: Noga 1995 a.o.) also 
document its broad use in commercial fisheries. 

On the other hand, negative effects of malachite green cannot be set aside. namely its high 
toxicity for fish (Lanzing 1965: Willford 1966: Machova and Svobodova 
1984). as well as the side effects of this preparation to the treated fish. Key I and We r t h 
(1959) proved in their experiments with cyprinids that a 0.1 mg. I-I concentration induced 
a cytopathic syndrome in experimental fish. Stu d n i c k a et al. (1975) proved an 
unfavourable effect of this preparation on mitotic activity of gill epithelium cells and 
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degenerative alterations in gill epithelium. Other data on negative effects of malachite green 
on fish were reported by Steffens et al. (1961). Rehulka (1977). Sumari et al. 
(1979). E i men (1989) and others. 

Its carcinogenic, mutagenic and teratogenic effects found in insects (K e y I and We r t h 
1959), rainbow trout and rats (M eye rand J 0 r g ens 0 n 1983) make another very 
important aspect which must be taken into account during its use. Wert h (1958) firstly 
advised upon the danger of human health impairment. This author also described an 
expressive increase in number of internal tumours in rats to which malachite green has been 
administered. Furthermore, We r t h (1958) also described OCCUITence of defective progeny 
up to the 9th generation in rats after oral administration of the substance. Me y e rand 
J 0 r g ens 0 n (1983) also descrihed impairments of skeleton, heart, kidney and liver in rats 
as a consequence of malachite green application. 

Moreover. it was proved that it has a great affinity to animal tissues (Bauer et al. 1988). It 
means under practical conditions that during a bath of fish in malachite green this 
preparation is expressively cumulated in fish body. B au e r et al. (1988) reports that 90% 
of malachite green accepted is cumulated in muscle as a leukobasis (reduced uncoloured 
form). While the coloured form is eliminated quickly .leukobasis is eliminating very slowly. 
This is the reason why application of malachite green in some countries is permitted only 
for treatment of ornamental fish. Negative effects of malachite green including persistence 
of its residues reflected in great effort to substitute this substance by another more safe 
preparation(Bailey 198-1-; Schmahl eta1.1989; Rapp 1995; Schmidt eta1.1995; 
Svobodova eta!. 1995). 

The hygienic limit of malachite green content in the Federal Republic of Germany is 
determined as I 0 ~g.kg-l fish muscle (E i men 1989). In the Czech Republic there has been 
no hygienic limit for malachite green content determined yet, nevertheless there are 
regulations to adhere to a 6-months withdrawal time since the fish bath till their market 
distribution. 

In available literature there are data on the rate of malachite green elimination from fish 
tissues after short-term therapeutic baths. The data refer to very slow elimination of this 
substance from fish body (B au e r et al. 1988). A long-term (6 days) therapeutic bath in 
malachite green is used very frequently in rainbow trout culture. It is therefore questionable 
if a 6-months withdra\val time is sufficient after such long-term baths. The paper presented 
reports data on observation of malachite green persistence in tissues of rainbow trout 
subjected to 6-days bath in malachite green. Moreover, it reports results of random sampling 
of marketable rainbow trout for checking the malachite green content in their tissues, carried 
out on 12 trout farms in the Czech Republic in 1993-1995. 

l\laterials and l\lethods 

l\1arketable rainbow trout obtained from a fish farming facility of Trout Farm Annfn were subjected to 6-days 
therapeutic bath of malachite green in concentration of 0.2 mg.l· J. Malachite green used for the bath was J 3 ESA 
(ICA firm). imported from Italy. Therapeutic bath was initiated on July 14 and finished on July 20. 1993. Bath was 
performed in 200 I aquaria stocked with 45 rainbow trout of 203.6 ± 40.3 g mean body mass. Fish were daily 
transfened to freshly prepared therapeutic bath. Control group offish (not treated) was kept in identical conditions 
to experimental fish treated with the therapeutic bath and daily transfened to clean water without any malachite 
green addition. Watertemperature in both experimental and control aquaria ranged between 12-14°C.lmmediately 
aft:r termination of the bath, 5 fish of the control group and 15 fish of the experimental group were sampled. 
weIghed and muscle, skin and liver samples were taken for determination of malachite green content. Two 
"blended" samples of muscle were taken from fish of the control group. i.e. from 2 and from 3 fish. while '"blended" 
sampI.e of skin and/o~ liver was taken from 5 fish. Seven '"blended'" samples of muscle were taken from fish of the 
expenmental group. I.e. from 2 and/or 3 fish each. while one "blended" sample of skin and/or li\'er was taken from 
15 fish. Samples were stored in microtene bags. frozen to -18 D C and sent for analyses. 
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The remaining fish were marked and transported back to the fish culture facility at Annin where they were kept 
in a separate storage pond similarly to other fish stocks. Samples of these fish were weighed at regular time 
intervals; samples for checking the malachite green content were taken in chosen time intervals. Malachite green 
content was determined immediately after the bath, 8 weeks afterwards, and then after the 6-months withdrawal 
time since the fish bath was performed till their market distribution which was to be fulfilled according to valid 
regulations in the Czech Republic. Further control sampling and analyses were performed as long as malachite 
green residues were detected in experimental fish. Data on sampling times, samples taken and results of analyses 
are given in Table I. 

For checking the food hygiene quality of marketable rainbow trout from the point of view of malachite green 
content, random sampling was also performed. Samples of muscle, skin and liver of rainbow trout obtained from 
5 and 7 trout farms were taken in 1993 and 1995, respectively. Eight to fifteen marketable rainbow trout were taken 
from every fish farm and "blended" samples of muscle, skin and/or liver were analyzed. In total, 142 fish were 
sampled, ranging in weight from 150 g to 595 g (mean body mass 286 ± 67.8 g). 

Analyses of malachite green content were performed by means of high-pressure liquid chromatography after 
extraction, purification of extract and oxidation of the uncoloured leukoform according to B au e r et al. (1988). 
This approach allowed to register both the content of coloured form of malachite green in fish samples and its total 
content (a sum of coloured form and uncoloured leukoform). 

Results 

Malachite green residues in rainbow trout treated with therapeutic 
bath 

The total content of malachite green in muscle, liver and skin of rainbow trout immediately 
after treatment by a long-term bath in malachite green ranged in 0.368 - 2.750 mg.kg- I (Table 
1). It is evident that at that time the share of coloured form of malachite green reached 34% 
in muscle, 30.3% in liver and 58.5% in skin samples (Fig. 1). 
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Analyses carried out during the 
following period proved a significant 
decrease of coloured form of malachite 
green. Eight weeks after the bath, 
coloured form of malachite green was 
detected in skin only: 0.01 1 mg.kg- l , 

referring to about 1 % of its total 
content. Its content in other samples, 
i.e. in muscle and liver was beyond the 
limit of detection. During the next 
checking (i.e. in 6 months after the 
bath), coloured form of malachite green 
was detected only in 2 of 7 muscle 
samples analyzed, in amount of 0.01 
mg.kg- I . 

On the other hand, the decrease 
expressed as a sum of malachite green 
was very slow. Its mean value in muscle 

Fig. I: Rate of coloured form and leukoform of malachite green 
in tissue samples of rainbow trout taken immediately after a 
6-day therapeutic bath. 

samples taken 8 weeks after the bath 
was even higher than that immediately after the bath. However, the difference was not 
significant. Statistically significant decrease of malachite green content in muscle of the 
treated fish was proved after 6 months. The subsequent decrease of malachite green content 
in fish muscle was very slow again; this was evidenced also by the fact that differences 
among mean values from consequent samplings were not significant (Table I). Malachite 
green expressed as a sum of malachite green was still detected in fish tissues 7 months after 
the bath. In eight months after the bath the analyses performed were still positive, except for 
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Table I 
:\lalachite green content in muscle, liver and skin of rainbow trout after a 6-days bath 

Sampling Time After Tissue Coloured Form Statistical 
Date Bath Sample Data Sum of lIalachi te Green Significance 

of D if f erence 
x ± sl 

(mg.kg 1) 
min - mtx at P < 0.05 
(mg. kg- ) 

20.7.93 immediately muscle O. 2421±0. 2918 0.022 - 0.843 

'l after bath 7 blended samples 0.7121±0.3826 0.368 - 2.090 
of 15 fish 

liver 0.834 
1 b I ended samp I e 2.750 1 
of 15 fish 

skin 0.649 
1 blended sample 1.110 
of 15 fish 

13.9.93 8 IIeeks muscle <0.001 0.491 - 1.160 
after bath 7 blended samples O. 9800±0. 2285 

of 14 fish 

liver insuff icient 
1 blended sample sample 
of 14 fish 

skin 0.011 
1 blended sample 1.600 
of 14 fish 

7.1.94 6 months muscle in 2 samples Q.J!1 
after bath 7 samples O. 0604±0. 02267 0.021 - 0.088 <- (-

of 7 fish 

liver insufficient 
1 blended sample sample 
of 7 fish 

skin 0.009 
1 blended sample 0.030 
of 7 fish 

9.2.94 7 months muscle ( 0.001 
after bath 7 samples 0.O464±0.0402 0.012 - 0.122 (-

of 7 fish 

liver < 0.001 
1 blended sample 0.006 
of 7 fish 

skin 0.002 3 
1 blended sample 0.012 

f 
I 

of 7 fish 
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Table 1. Cont.: 

Sallpling Time After Tissue Coloured Form Statistical 
Date Bath Sample Data Sum of Malachite Green Significance 

of Di fference 
x ± sx min - mfx at P < 0.05 

(mg.kg 1) (mg.kg- ) 

16.3.94 8 months muscle < 0.001 2 I after bath 6 samples O. 0285tO. 0144 0.013 - 0.047 <-1 <_ 
of 6 fish 3 

liver < 0.001 
1 blended sample < 0.005 
of 6 fish 

skin < 0.001 
1 blended sample 0.01 
of 6 fish 

21.4.94 9 months muscle < 0.001 
after bath 6 samples O. 010B±0. 0154 o - 0.039 

of 6 fish 
4 

liver < 0.001 
1 blended sample < 0.005 
of 6 fish 

skin < 0.001 
1 blended sample < 0.005 
of 6 fish 

25.5.94 10 months muscle < 0.001 
after bath 7 samples O.00243tO.00461 o - 0.012 <- <-

of 7 fish 

liver < 0.001 
1 blended sample < 0.005 
of 7 fish 

skin < 0.001 
1 blended sample < 0.005 
of 7 fish 

26.7.94 12 months muscle < 0.001 
after bath 7 samples < 0.005 

of 7 fish 

liver < 0.001 
1 blended sample < 0.005 
of 7 fish 

skin < 0.001 
1 blended sample < 0.005 
of 7 fish 



156 

a liver sample where the amount of malachite green was beyond the limit of detection « 
0.005 mg.kg- 1). Analyses of the following samples (9 months after the bath) were positive 
in 4 of 9 cases. An isolated detection of malachite green in muscle was still registered 10 
months after the bath. In 12 months all sample analyses were negative and the experiment 
was terminated. 

Residues of malachite green in marketable rainbow trout from 
selected fish farms in the Czech Republic 

Random sampling for hygienic quality of marketable rainbow trout from the point of view 
of their contamination with malachite green provided the following results: 

Analyses of tissues of marketable rainbow trout from 3 trout farms were found negative 
in 1993; in those of another trout farm there was a detection of malachite green in 
a "blended''skin sample slightly above the hygiene limit (0.0 13 mg.kg- 1). In tissues of fish 
from another trout fann increased values of malachite green residues were found. The sum 
of malachite green in muscle ranged in 0.0 I 7 - 0.079 mg.kg- 1, value detected in skin was 
0.072 mg.kg- 1• Coloured form of malachite green was not proved. 

Random sampling performed on 7 trout farms in 1995 did not show any defects, all sample 
analyses were found negative. . 

Discussion 

The total content of malachite green in muscle, liver and skin of rainbow trout registered 
immediately after a long-term bath corresponded relatively well with data reported by 
C lift 0 n - Had ley and A Ide r man (1987). These authors proved after short-term baths 
of rainbow trout in malachite green at O. I 5, 1.0 and 1.5 mg.l- 1 concentrations levels of 0.4 
mg.~g-l, 1.2 mg.kg- 1 and 4.1mg.kg- 1 malachite green in the respective tissues. Its content in 
fish tissues was increased more when using repeated baths. Similarly, B a u e r et al. (1988) 
found during routine investigations that muscle of rainbow trout contained even up to 2.7 
mg.kg- 1 malachite green after baths performed. These authors further reported that about 
90% of malachite green was cumulated in fish muscle as a leukobasis. 

It resulted from our investigations that immediately after the bath 30% to 60% of total 
malachite green content was deposited in fish tissues in coloured form. In correspondence 
with literature the proportion of coloured form of malachite green in tissues of treated fish 
decreased rapidly. 

On the other hand, the leukoform of malachite green persisted in fish tissues for a very 
long time and its decrease beyond the limit of detection was registered one year after the bath 
had been performed. This result also corresponds weB with data of B au e r et al. (1988). 
These authors dealt in particular with kinetics of malachite green excretion from the body 
of treated fish. They reported that the time necessary to reach the food hygiene limit of 
malachite green content in tissues of the treated fish was related not only to the initial 
malachite green concentration in the fish body but also to their growth rate. This was the 
reason why fish mean body mass was recorded during our observations (Fig. 2). B au e r et 
al. (1988) reported that in marketable fish with initial malachite green content 2 mg.kg- 1 this 
content would decrease to 0.010 mg.kg- 1 in 331 days. This corresponds very weB with our 
results. 

It is interesting th.at during an examination carried out 6 months after the bath, the coloured 
form was detected 111 muscle of2 from 7 samples analyzed in amount ofO.Olmg.kg- 1 while 
8 weeks after the. bath ~o coloured form was detected in fish muscle at all. It could be 
explained by possible OXidation of uncoloured leukoform of malachite green during storage. 
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This effect was observed by 
Poe and Wilson (1983), 
reporting that frozen tissue 
samples of channel catfish 
treated with malachite green 
have gained greenish colour 
after certain time of storage. In 
relation to the kind of bath 
performed, colouration of 
visceral fat occurred after 13-60 
days and of muscle after 21-60 
days. Our tissue samples were 
taken consequently, stored and 

Fig. 2: Mean body mass offish in the course of the experiment (g ±S.D.). analyzed after several 
samplings at once. For this 

reason the duration of storage was not the same for all samples. We therefore suppose that 
the re-appearance of coloured form of malachite green in samples could be due to oxidation 
of a part of malachite green leukoform. 

Results obtained in correspondence with literature show that a 6-month withdrawal time 
since the fish bath until their distribution for consumption is not sufficiently long. The results 
indicated that this period was approximately one half of that in which the malachite green 
content really dropped below food hygiene limit valid in the Federal Republic of Germany. 
This fact led us to carry out several random samplings of sold rainbow trouts for food 
hygiene quality of their flesh from the point of view of malachite green contamination. 

Checking performed in 1993 proved only an isolated finding of malachite green 
Ieukoform in marketable rainbow trout; all investigations in 1995 were found negative. This 
fact reports on minimum use of malachite green with trout of older categories. Introduction 
of a food hygiene limit of malachite green content in fish is therefore currently not taken into 
account. Nevertheless, its content in fish will be further observed. 

It resulted from our investigations that malachite green persisted in treated fish as 
a leukofonn for 10 months. In case of the frequent one-and-half-year-Iong productive cycle 
of rainbow trout we therefore did not recommend to carry out therapeutic baths in malachite 
green in fish older than 6 months. 

Pretrnivani malachitove zelene v tkanich pstruha duhoveho po dlouhodobe 
Iei:ebne koupeli 

Cilem nasi pr{lce bylo proverit dobu pretrv{lvani malachitove zelen~ u pstruhLI eluhovych 
po ellouhoelobe koupeli a namatkovymi kontrolami posouelit kvalitu trznich pstruhll duho
v)ch z hlediska rezidui tohoto prepararu. Za tim Llcelem byla proveelena sestidenni lecebna 
koupel pstruha duhoveho v malachitove zeleni 0 koncentraci 0.2 mg.l- 1. Naslednc byla sle
dovana rezielua tohoto prepararu ve svalovinc, jMrech a kuzi osetren)ch ryb. Bezprostrednc 
po koupeli bylo zjistcno ve svalovinc 0.712 ±0.383 mg.kg- 1, v jMrech 0.834 mg.kg- 1 a v kuzi 
0.649 mg.kg- 1 malachitove zelenc. vyjadrene jako suma barevne formy a leukoformy. Po 
uplynuti 8 t)'elnLI oel proveelene koupele byl zaznamenan v)Tazny pokles barevne fOrIny mala
chitove zelen~, naproti tomu leukoforma byla detekovana v tcle ryb jestc po uplynuti 
10 mCSicll. Po uplynuti 12 mcslcLI oel proveelene koupele byly vysledky analyz negativni. 
NamMkove kontroly obsahu malachitove zelenc u trznfch pstruhLI eluhovych byly provede
ny v prLlbchu let 1993 az 1995 na 12 pstruharstvfch CR. Ve elvou pffpaelech byl nalez mala-
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chitove zelene pozitivni (z toho v jednom pffpade pouze mime zvysena hodnota v kliZi), 
v ostatnich pfipadech byly vysledky anai)'z negativni. Z uvedenych vysledku v),plyva, ze 
malachitO\a zeldi v osetfen)'ch rybach pi'etrvavava ve forme leukoformy po dobu 10 mesi
cu. Z toho je zfejme, ze v CR doporucovana sestimesicni ochranna Ihuta neni dostacujici. 
Proto pri beznem jedenapulletem vyrobnim cyklu pstruha duhoveho nedoporucujeme pro
vadet lecebne koupele v malachitove zeleni ryb starsfch 6 mesicu. 
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