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ABSTRACT

Microbiological and chemical changes were evaluated in freshwater prawn stored under refrigeration at
0°C and 5°C during 10 days, with special emphasis on indole production as a chemical spoilage indicator.
The total psychrotrophic and indole positive microflora were mainly mesophilic, with indole positive
microorganisms being less than 10% of the total microflora after 10 days storage under refrigeration.
Bacteria fromEnterobacteriacea@andVibrionaceaefamilies prevailed among the isolated indole positive
strains. The use of the Most Probable Number-MPN method, using tryptone broth as culture medium, was
the most reliable approach for the quantitative evaluation of the indole positive microflora. The stored
samples showed increases in pH, L-tryptophan and total volatile bases (TVB), which were more intensive
at 5°C. The psychrotrophic counts and TVB values of samples stored at 0°C were lower than the
recommended limits (£@CFU/g and 30 mg N/100g, respectively), even after 10 days storage. However, in
samples stored at 5°C, these values were reached after 10 and 5 days, respectively. The presence of indole
in levels above the limit recommended by FDA/USA (@5100g) was confirmed in only one sample,
suggesting that this substance, alone, wouldn’t be a good indicator of freshwater prawn quality stored
under refrigeration.
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INTRODUCTION Proteus, Escherichia, Edwardsiell&lavobacterium,
Aeromonas, Plesiomonas, Bacillietc (20,21).

The evaluation of general quality and shelf life of fish and Indole detection has long been used as an indicator of
fish products is based on organoleptic, chemical arsthrimp spoilage. Based on data collected by the Food and Drug
microbiological tests. Concerning the chemical tests, dosages$ministration-FDA/USA, indole levels in fresh shrimps are
of trimethylamine-TMA, total volatile basis-TVB, lower than 1ug/100g and there is a good correlation between
hypoxanthine, tiobarbituric acid-TBA, indole, etc, are commonlyndole concentration and organoleptic evaluation (17).
employed (6,9,12,14,15,22). However, in quality evaluation @ccording to these studies , shrimps are classified in class
crustaceans, particularly shrimps, indole dosage is probably th@/hen they do not show any organoleptic evidence of spoilage;
chemical index most commonly applied (6,9,12,20,22). when spoilage is first detected, they go to class 2, and when

Indole formation depends exclusively on development ahoilage is clearly defined they are classified in class 3; the
bacteria producing enzymes called tryptophanases, that oxidizeresponding indole levels are < 2§100g for class 1, and
the free L-tryptophan present in muscle tissues producing25pug/100g for classes 2 and 3. Based on these data, FDA
indole, skatole (methyl indole) and indolacetate (16). Sevefined a maximum allowable indole level of |28/100g for
bacteria genera have species that are indole positive, particuladyined and pre- cooked frozen shrimps (17).
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In Brazil, indole detection is not usually employed focChemical Analysis:
quality evaluation of fresh and processed shrimps. HowevpH - 20g portions of muscle tissue were homogeneized in 20 ml
according to Sao Paulo state legislation, the maximuof distilled water, followed by pH determination in a Metrohm
allowable indole level for canned shrimps iggf100g (19). pH meter (1, 10).

Most of the published papers in the literature concernirigdole - Indole detection was based on the modified colorimetric
the microbial spoilage are related with shrimps of marine origmethod as proposed by Cheuk and Finne (3).
(particularlyPenaeus sppOnly a few studies are available onFree L-tryptophan - Based on the colorimetric method
freshwater shrimps or prawns (gendscrobrachiumand proposed by Contreras and Guimaraes (4).
others), which are assuming increasing economic importantetal Volatile Bases — TVB- Based on extraction with
since they are the main species utilized in aquaculture programshoroacetic acid followed by distillation (1, 8, 10).
in Brazil and other countries. Most of these studies are related
to the influence of storage temperature on indole productidficrobiological Analysis:
and spoilage (2) and also to qualitative evaluation of the inddletal psychrotrophic count - done using Plate Count Agar-
positive microflora developing at different temperature®CA agar (BD), as culture medium, with inoculation by spread
(20,21). However, there is a total lack of conclusive studigdate followed by incubation at 20°C during 72h. Results were
related to development or optimization of methods for thexpressed as CFU/g (23).
guantitative study of this microflora. Indole positive microflora - Three different approaches were

Based on these considerations this research was conducteed for the counts:
to monitor the microbiological and chemical changes ih. Most Probable Number-MPN- using tryptone broth as culture
freshwater prawn during storage under different refrigerationedium, with 3 tubes per dilution, incubation at 20°C during
temperatures and to improve the methodology for th&h, followed by addition of 0.5 ml of Kovacs reagent,
guantitative evaluation of the indole positive microflora.  considering as positives the tubes with formation of a red ring.

Results as MPN/g (16, 23).
MATERIALS AND METHODS 2. Indirect count with isolation of representative colonies from
the PCA plates (minimum of 5 colonies), followed by
Material inoculation of each one in tubes of tryptone broth, with

Samples of freshwater prawsgcrobrachium rosembergii - incubation at 20°C during 72h, and subsequent test for indole
were captured in rearing ponds from Instituto de Pesgaoduction by adding Kovacs reagent. The indole positive count
Secretary of Agriculture, S&o Paulo, Brazil, located iwas calculated based on the total count and the percent isolated
Pindamonhangaba, S&o Paulo state. cultures that showed an indole positive reaction.

After being captured, the prawns were introduced in plasti Indirect count in tryptone agar plus 0.5% NaCl (TP agar),
bags (2kg each) and stored in isothermic boxes containingth inoculation by spread plate and incubation at 20°C during
crushed ice, followed by immediate transport to the UNICAMR2h. After incubation a number of representative colonies
laboratory, with an average delay of 4h between sampling agmlinimum of 5 colonies) were presumptively tested for indole

starting the analysis. production by streaking on filter paper impregnated by Ehrlich
_ reagent (16); the presumptively indole positive cultures (wine
Experimental procedures coloured streak on filter paper) were isolated in trypticase soy

In the laboratory, the prawns were split in two 1kg portionggar and confirmed as indole positive by inoculation in tryptone
packed in individual plastic bags and stored in commercigtoth and further test for indole production (16,23). Finally,
refrigerators at temperatures of 0°C and 5°C. The sampl@g indole positive count was calculated based on the total count
stored at 0°C were completely covered with crushed ice, withautd the percent indole positive cultures.
direct contact to avoid microbial cross-contamination andentification of indole positive cultures and evaluation
washing of soluble compounds. of indole production potential according to the incubation

At 0, 5, and 10 days intervals, samples of muscle tissugmperature.

(with cephalotorax and tail removal) were asseptically taken The isolated cultures confirmed as indole producers were
and submitted to microbiological and chemical analysis. F@fentified up to genus or species levels according to é¢dait.

the microbiological analysis 10g portions were homogeneiz¢d), and using commercial kits for the biochemical tests,
in 90 ml of peptone water while the original muscle tissugarticularly Crystal system (BD), and APl 20 E (Biolab-
without any dilution was used for the chemical analysis.  Merieux).

All the experiments were repeated 3 times, at intervals of For the evaluation of indole production potential in prawns,
approximately 30 days between each repetition, using exagiiyrtions of muscle tissue were homogeneized in equal weight
the same procedures. of distilled water (1:1), transferred to culture tubes (10g/tube),
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followed by sterilization (121°C/15 min); after cooling, 61
individual tubes were inoculated with representative indole
positive cultures originally isolated from the prawn samplesy 57
followed by incubation at 4°C and 10°C during 10 days an@
further indole analysis, according to the method proposed &y
Chenk and Finne (3).

g 3 OSample |
3 I

RESULTS AND DISCUSSION © L] B Sample I
% m Sample Il
'_

The total psychrotrophic counts of freshwater prawns were 11
relatively high, with an average of 5.2 log CFU/g (Figs. 1 and
2). However, these values are not unusual when compared to 9
other data; according to the International Commission on
Microbiological Specifications for Foods-ICMSF (11), fresh
seafoods show counts varying from log 3.0 up to log 7.0 CFBigurel. Changes in the total psychrotrophic counts in freshwater
g with different conditions affecting the contamination levelgrawns during storage at 0°C during 10 days
In our specific situation, aspects like high water temperatures
and organic matter levels in the rearing ponds could contribute 81
to an increase in the microbial populations. Anyway, these 71
average values are bellow the usual limit of log 7.0 CFU/§ o
above which foods in general show organoleptic evidences gf
spoilage based on odor, colour and texture (11, 12). Figs.\_g/l 5

0 5 10
Storage (days)

and 2 also show that there were differences between the cougts 41 O Sample |
at 0°C and 5°C during the 10 days storage period. At 5‘@, 3- m Sample II
after 5 days storage there was a lag or a very small increasegin m Sample Il

the counts, followed by a definitive increase after 10 dayg
storage; however, at 0°C, the counts remained constant or even 11
decreased after the 10 days storage period. These results suggesg
that the original prawn microflora was mesophilic being able 0 5 10
to grow at refrigeration temperatures only after a long lag phase. Storage (days)
Similar resu!ts vyere reported by Other a_UthorS working W'tﬁgure 2. Changes in the total psychrotrophic counts in freshwater
freshwater fish in tropical areas, with this slow growth ratgrawns during storage at 5°C during 10 days
being considered one of the main factors explaining the longer
shelf life of tropical fish when first stored at refrigerationthe indole positive microflora is only a small fraction of the
temperatures (5, 13). total microflora, particularly after 5 and 10 days storage at
The comparative evaluation of different quantitativg°C. Even at 5°C, when some microbial growth was evident,
methods for counting the indole positive microflora showeghe indole positive microflora didn’t show an extensive growth
that the MPN procedure gave the most consistent and reliatd&cept in sample 1Il), indicating that it was also originally
results, being the method of choice for counting indole positivgesophilic.
microorganisms during the storage of prawns under These results agree, too, with the ones reported by Chang
refrigeration. When employing the indirect methods, the finglt al. (2) and Shamshaet al. (20). These authors showed that
results are delayed, because it is necessary to isolggwilage and indole production in shrimps stored under
representative colonies from the plates and test themirigeration were highly temperature dependent. Indole was
individually for indole production, in order to get the countiot produced at 4°C, while at 12°, 20° and 35°C it was produced
of indole positive microorganisms. Besides being timg high levels. Based on these results, the National Research
consuming, this procedure requires testing of a large numigsuncil of USA (17) concluded that mesophilic bacteria are
of colonies in order to get reliable results. All these drawbackse main indole producing microorganisms and that the dosage
make these indirect procedures inadequate for quality contedkhis compound, alone, wouldn't be a reliable index to indicate
purposes where aspects like easy performance and rapid reshliSspoilage of refrigerated shrimps. However, when applied
are essential. in conjunction with physical and chemical methods, the
Table 1 shows the results of indole positive counts igoncentration of indole is a good indicator of spoilage or, at
refrigerated prawns stored during 10 days. They indicate theast of improper storage under refrigeration.
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Table 1.Changes in the indole positive microflora according to different counting methods during storage of freshwater prawr64€0° and

Counting Methods
Sanple Stozzges';‘lrre PCA agar (log CFU/g) PT agar (log CFU/g) Tryptone broth (log MPN/g)

¥ 0°C 5°C 0°C 5°C 0°C 5°C

I 0 4.1 4.1 - - > 4.0 > 4.0
5 <3.0 <3.0 <3.0 <30 <3.0 <30
10 4.2 <3.0 <30 <30 <30 16

I 0 51 5.1 53 53 4.6 4.6
5 <3.0 <3.0 <30 4.2 1.6 2.4
10 <3.0 <3.0 <30 <3.0 2.2 3.6

11 0 4.9 4.9 4.8 4.8 3.6 3.6
5 3.7 6.0 4.1 5.8 34 5.0
10 3.9 7.3 3.8 7.5 2.6 5.7

Several different indole positive bacteria were isolated and There was an increase in pH during storage, probably due
identified. There was a prevalence of bacteria of thte amines formation by aminoacids decarboxylation (12). The
Enterobacteriaceadamily, particularly Citrobacter sp. increase in tryptophan levels was more evident at 5°C than at
(36.4%), Pantoea agglomeran$9.1%) andLeclercia 0°C; however it is very difficult to relate this increase with
adecarboxylata(9.1%). Bacteria of th&ibrionaceaefamily, proteolysis levels, because a simultaneous reduction in
including Aeromonashydrophila (27.2%),Aeromonas sobria tryptophan due to bacterial growth would be expected.

(9.1%) andAeromonas veroni{(9.1%), were also identified. Total volatile bases (TVB) showed an increase, particularly
Therefore, the results suggest that Gram negative, fermentatae5°C; at this temperature, values above 30 mgN/100g,
mesophilic bacteria are the main indole producingonsidered the maximum allowable limit (9, 17, 22), were

microorganisms present in the freshwater prawn microflora.eached after 5 days storage at 5°C. A correlation between TVB

Strains ofCitrobacter sp andAeromonas hydrophilahe values and total psychrotrophic plate counts was noticed. The
prevailing indole positive microorganisms in the microfloracounts of samples stored at 5°C were above log 7.0-8.0 CFU/g
were inoculated in sterilized prawn muscle tissue and incubat@adicating spoilage) and simultaneous TVB levels > 30 mg
at 4° and 10°C during 10 days. The results showed th€t100g, while at 0°C the counts were bellow log 6.0 CFU/g
Citrobacter spwas an active indole producer at 10°C, wittand TVB values < 30 mg N/100g.
>100pg/100g, whileAeromonas hydrophilavas not so Based on the detection limit of the method appliedu@5
efficient. However, at 4°C there was no detectable indolE00g), indole was not detected in the examined refrigerated
production, even after 10 days storage. prawn samples, stored both at 0°C and 5°C during 10 days.

Smith et al. (21) evaluated the total and indole positivdHowever, indole levels around 100 pg/100g were detected in
microflora of white shrimpsRenaeus setiferusjtored at one repetition, in samples stored at 5°C, presenting counts of
different temperatures. The authors showed that indole positvd log CFU/g indole positive microorganisms. This suggests
cultures represented only 2.6% of the total population, withthat a high increase in the population of indole positive
prevalence oflavobacteriumspp (52.4%), Aeromonas spp microorganisms is necessary before indole becomes detectable
(23.8%),Proteus spf§21.4%) andrersinia spf2.5%), without in the stored samples. The results also suggest that due to the
detection ofEscherichia coli To our knowledge, this is the mesophilic nature of the indole positive microflora the spoilage
only research on indole positive microorganisms in fisbf refrigerated prawn samples (as reflected by total
products. However, it is important to point out that this researplsychrotrophic counts above log 7.0 CFU/g and TVB values
was carried out with shrimps of marine origin and captured ¥80 mg N/100g) is not necessarily related with a simultaneous
temperate waters, conditions quite different from the oné&xcrease in indole levels. It is also important to consider that
prevailing in this actual research. the original tryptophan levels vary according to the shrimp or

The storage temperature also influenced pH and the levplewn species. Nigt al. (18) mentioned that tryptophan levels
of L-tryptophan and total volatile bases (Table 2). are 10 times lower in freshwater species of Malaysian prawn
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Table 2. Changes in pH, free L-tryptophan and total volatile bases (TVB) during storage of freshwater prawn at 0°C and 5°C

Analysis
Sanple Stozgge ';‘lme pH Free L-tryptophan (mg/100g) TVB (mg N/100g)

VS 0°C 5°C 0°C 5°C 0°C 5°C
I 0 7.73 7.73 72.1 72.1 18.65 18.65
5 8.20 8.33 140.6 115.1 26.94 30.56
10 8.43 8.40 152.1 161.5 26.00 34.19
Il 0 7.62 7.62 104.0 104.0 23.83 23.83
5 8.18 8.27 129.2 134.2 27.45 42.99
10 8.54 8.28 128.8 156.4 23.83 31.59
11 0 7.68 7.68 134.9 134.9 24.86 24.86
5 8.15 8.24 139.3 158.1 28.49 25.90
10 8.50 8.60 165.5 198.5 69.41 70.45

than in marine species, which indicates that even in adequdeecontagem total de psicrotréfilos e de BVT acima dos limites
production conditions, the final indole levels would be lowerecomendados (1@CFU/g e 30 mgN/100g, respectivamente)
in this freshwater species. mesmo apds 10 dias de estocagem. No entanto, nas mantidas a

Based on chemical and microbiological analysis, it wa°C, estes valores foram detectados apés 10 e 5 dias,
concluded that freshwater prawndMdcrobrachium respectivamente. A presenc¢a de indol em niveis acima de
rosembergii have a shelf life around 10 days when stored 26 ug/100g, limite adotado pela FDA/USA, somente foi
0°C. The shelf-life is reduced to around 5 days when the storadgtectada em uma amostra, sugerindo que esta substancia,
temperature is increased to 5°C. The indole production ddssladamente, ndo seria um bom indicador da qualidade do
not appear to be a good indicator of quality and spoilage of tbemardo armazenado sob refrigeracéo.
product stored under refrigeration, since it is produced mainly
by mesophilic microorganisms in temperatures above 5°@alavras-chave:camaréo da Malasia, vida util, indol
Therefore, indole production should not be used alone as an
?ndex, but in conjunction with pther tes’gs which could indicate REFERENCES
improper storage of raw material under inadequate temperature.
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