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ABSTRACT
Red-bellied pacu Piaractus brachypomus  has a characteristic pomfret like shape and is marketed as freshwater pomfret. Pacu 
flesh had adequate amounts of protein (17%) and fat (1.19%). Essential amino acids formed 80.5% of the total amino acids 
of pacu meat. Histidine (32.55%), lysine (25.77%) and phenyl alanine (8.88%) were the predominant essential amino acids. 
Pacu meat was rich in unsaturated fatty acids (85.5%) of which mono unsaturated fatty acids (MUFA) and poly unsaturated 
fatty acids (PUFA) constituted 53% and 32.5%, respectively. The predominant MUFA, PUFA and SFA were palmitoleic 
acid-C16:1 (44.3%), α-linolenic acid-C18:3 (15.6%) and stearic acid-C18:0 (13.1%), respectively. Eicosapentaenoic acid 
(EPA) and docosa hexaenoic acid (DPA) were relatively low at 1.87%, each. During iced storage of whole and gutted fish, 
moisture content increased and fat content decreased with storage period. The TVBN, TMA, AAN, PV, FFA, APC, H2S 
producing bacteria showed an increasing trend during iced storage.  Chemical and microbiological analyses showed that, 
both whole and gutted pacu can be stored under iced condition for a period of 13 days. Fish fingers prepared using pacu 
meat and batter had a moisture and protein content of 59.47% and 12.59% respectively and stored well for 2 months in air 
packing and 3 months in vacuum packing at -20°C. Pacu meat and fingers could serve as nutritionally good food item, but 
for the  presence of fine spines in the flesh.
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Introduction

The red-bellied pacu (Piaractus brachypomus) is 
a natural fish in many American countries and is well 
accepted by consumers (Wicki et al., 2008). Piaractus 
brachypomus Cuvier 1818 was originally introduced in  
India in West Bengal and is currently distributed in Andhra 
Pradesh, Kerala and North Eastern states (Singh and Lakra, 
2011).  Mukherjee et al. (2012) recommended pacu as a 
new candidate species for commercial aquaculture. Pacu is 
commonly grown in polyculture with Indian major carps at 
a ratio of 1 pacu : 3 carps and attain maturity above 3 years 
of  age under a stocking density of 2,000-2,500 individuals 
ha-1 (Chattarjee and Mazumdar, 2009). Polyculture with 
striped catfish, Pangasianodon hypophthalmus has also 
been reported from Andhra Pradesh (Krishna et al., 
2011). Pacu has a characteristic pomfret-like shape and 
is often referred to as red pomfret or freshwater pomfret 
(Fig. 1). Using triangle and simple ranking test, Pullela 
et al. (2000) observed that purged and processed skinless 

fillets of pacu had the highest preference  compared to 
other aquacultured fish, such as channel catfish, rainbow 
trout, tilapia and hybrid striped bass. Tanamati et al. (2009) 
reported that cultivated pacu possessed relatively higher 
lipid content (12.2%) compared to wild species (7.9%) 
but the n-3 polyunsaturated fatty acid concentrations 
was higher in wild pacu (485.1 mg g-1 flesh) than in the 
cultivated species (106.1 mg g-1). De Castro et al. (2007) 
reported that tambacu, a hybrid of tambaqui (Colossoma 
macropomum) and pacu (Piaractus mesopotamicus) had a 
total lipid content of 1.3%, with a fatty acid profile of 37% 
SFA, 34% MUFA and 21% PUFA. 

Fig. 1. Red-bellied pacu (Piaractus brachypomus)
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There is paucity of information on the nutritional 
profile of pacu cultured in India. The present work was 
envisaged to generate information on the nutritional 
profile of cultured pacu, and to study the changes during 
iced-storage of whole and gutted pacu and to evalute the 
shelf life of frozen battered and breaded pacu fish fingers.  

Materials and methods
Fish 

Fresh pacu were procured from local market and 
transported immediately in chilled condition (<4°C) to 
the laboratory for analysis. Average length of the fish was 
24.34 cm and had a mean weight of 289.1 g. The fisheries 
were divided into two lots, (a) whole and (b) gutted 
and were packed into insulated polystyrene boxes with 
adequate amount of flake ice, to maintain a temperature of 
<4°C. Whole and gutted pacu were sampled immediately 
(day 0), and at regular pre-determined intervals (3, 6, 10 
and 13 d) for chemical, microbiological and organoleptic 
analysis. The fish: ice ratio was 1:1 and ice quantity was 
maintained, considering the weight of fish being removed 
for sampling and the weight of melting ice drained. 
Sampling in triplicate was continued over a 13 day storage 
period.

Preparation of battered and breaded pacu fingers 
Frozen pacu fish fillets were cut into fish fingers 

(15±1g) and pre-dusted. Pre-dusted pacu fingers were 
coated with an adhesive type quick setting batter 
(maida 2000 g, corn flour 200 g, Bengal gram 200 g, salt 
30 g, guar gum 5 g, turmeric powder 5 g and sodium 
tri-polyphosphate 10 g) formulated at CIFT, Cochin  
(Joseph, 2009). One part of the batter powder was mixed 
with two parts of water to get the required consistency. The 
batter coated fillets (about 30 g) were further coated with 
bread crumbs, packaged in pouches either in air or under 
vacuum, frozen and stored at −20°C. Vacuum packing 
was done using quick seal machine (Sevana Electrical 
Appliances Pvt Ltd, Kerala, India). The pacu fingers were 
analysed for biochemical and microbiological parameters 
at monthly intervals.

Biochemical and microbiological analyses 

Moisture, protein, fat, ash, calcium, potassium, 
sodium and iron were determined as per standard 
methods (AOAC, 1990). Phosphorus was determined 
colourimetrically (Fiske and Subbarow, 1925). Total 
volatile base nitrogen (TVBN) and Trimethyl amine 
(TMA) were determined by the Conway micro diffusion 
method (Conway, 1950). Peroxide value (PV) was 
determined iodometrically (AOAC, 1990) and free fatty 

acid (FFA) value was determined as per AOAC (1975). 
Alpha amino nitrogen (AAN) was estimated following 
Pope and Stevens (1939). Mercury content was estimated 
using mercury analyzer (MA5840, Electronic Corporation 
of India, Hyderabad) which works on the principle that 
mercury vapour (atoms) absorbs resonance radiation at 
253.7 nm. Cadmium, copper, zinc and lead were analysed 
following AOAC (2000) using atomic absorption 
spectrophotometer (Varian Spectra AA 220, Australia). 
Aerobic plate count (APC), MPN total coliforms, MPN 
faecal coliforms, MPN Escherichia coli, coagulase 
positive Staphylococci, Vibrio cholera, Listeria and 
Salmonella were determined as per standard methods 
(BAM, 1995). Hydrogen sulphide producing bacteria 
were determined using peptone iron agar (Gram et al., 
1987). The data was subjected to statistical analysis using 
SPSS 16 for windows.

Amino acid and fatty acid analyses

 Total lipid was extracted (Folch et al., 1957) and 
fatty acids were analysed according to the method of 
Metcalfe (1966), using gas liquid chromatography. Amino 
acid profile of the meat was determined as per Ishida et al. 
(1981) using High Performance Liquid Chromatography 
(Shimadzu LC 10AS). Tryptophan was determined 
spectrophotometrically as per the method of Sastry and 
Tammuru (1985).

Organoleptic analysis 

Sensory characteristics mainly appearance, texture, 
odour, taste and colour were evaluated by five panelists. 
Scoring was done on a nine-point hedonic scale (Amerine 
et al., 1965), where score 9, is ‘like extremely’ and score 1 
is ‘dislike extremely’. Pacu meat was boiled in 1.5% 
NaCl solution for 10 min and presented for organoleptic 
evaluation.

Results and discussion
Proximate and mineral composition 

The proximate composition of pacu flesh 
(Table 1)  indicated  moisture content of 80.86% and 
adequate amounts of protein (17%) and fat (1.19%).  
Ramos et al. (2008) reported 18% protein content in  pacu 
(Piaractus mesopotamicus) flesh. The protein content of 
pacu was found to be lower than that of cultured Indian 
and exotic carps (Chakrabarti and Rao, 2008) but slightly 
higher than tilapia (Murthy et al., 2008). The fat content 
of pacu recorded in the present study was 1.19% which 
was similar to that of Indian major carps (Chakrabarti 
and Rao, 2008). Tanamati et al. (2009) reported 12.2% 
fat in cultured pacu and 7.9% in wild pacu from Brazil. 

L. N. Murthy et al.
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Fatty acid content and composition also varies with 
the anatomical location of the sample used for anlysis 
(Kinsella et al., 1977). 

Amino acid profile 

Pacu meat was found to be a rich source of essential 
amino acids (Table 2). Essential amino acids formed 
80.5% of the total amino acids of pacu meat. Histidine 
(32.55%), lysine (25.77%) and phenyl alanine (8.88%) 
were the predominant essential amino acids which together 
constituted 67.2% of the total amino acid content of pacu. 
Glycine (9.34%) was the dominant non-essential amino 
acid. The amino acids arginine, cystine, proline, tryptophan 
and tyrosine were totally absent. Suseela (2009) reported 
that the meat of rohu and mrigal constituted higher 
proportion of glutamic acid and lysine. Mohanty and 
Kaushik (1991) reported that in the flesh of rohu, catla 
and mrigal fry; glutamic acid, aspartic acid and glycine 
were the dominant non-essential amino acids and phenyl 
alanine, lysine and leucine were the dominant essential 
amino acids.  

Fatty acid composition of pacu  

Pacu meat is rich in unsaturated fatty acids (85.5%) 
(Table 3). Of the total fatty acids, mono unsaturated fatty 
acids (MUFA) and poly unsaturated fatty acids (PUFA) 
constituted 53% and 32.5%, respectively. Saturated 
fatty acids (SFA) were found to be low (14.5%). The 
predominant MUFA, PUFA and SFA were palmitoleic 
acid-C16:1 (44.3%), α-linolenic acid-C18:3 (15.6%) and 
stearic acid-C18:0 (13.1%), respectively. The fatty acid 
profile of tambacu (hybrid of tambaqui C. macropomum 
and pacu P. mesopotamicus) was reported to be 37% 
saturated, 34% monounsaturated and 21% polyunsaturated 
(De Castro et al., 2007). Kinsella et al. (1977) analysed 
18 species of freshwater fish fillets and observed that 
palmitic, palmitoleic, oleic, eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DPA) were the most abundant 
fatty acids. Rao et al. (2012) reported that myristic acid 
(325.3 mg%) was the most prominent SFA and oleic 
acid (816.8 mg%) was the dominant MUFA in hilsa 
(Tenualosa ilisha) from river Godavari. Ramos et al. 
(2008) observed that in pacu (P. mesopotamicus), oleic 
acid is the predominant fatty acid, followed by palmitic 
acid and stearic acid. The difference in the levels of 
different fatty acids in pacu analysed in this study and 
other reported values may be attributed to the environment 
and type of feed, as these are known to influence the fatty 
acid composition of fish (Suzuki et al., 1986; Moreira 
et al., 2001).

Eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DPA) were relatively low in pacu meat at 1.87% 
and 1.87%, respectively (Table 3). Similar observation 
was made in several other studies. Ramos et al. (2008) 
reported that pacu had lower contents of ω-3 family fatty 
acids (1.13%). Gutierrez and da Silva (1993) reported that 
most freshwater fish from Brazil were found to be poor 
source of EPA and DHA. The fatty acid composition of 
pacu is strongly influenced by habitat and diet. Tanamati 
Table 3. Fatty acid composition of pacu P. brachypomus 
Fatty acid number Common name %*
C14:1 Myristooleic acid 4.37
C16:1 Palmitoleic acid 44.32
C17 Margaric acid 0.13
C18 Stearic acid 13.11
C18:3 α-linolenic acid (ALA) 15.61
C20 Arachidic acid 1.25
C20:3 Diomo- γ-linolenic acid 11.85
C20:4 Arachidonic acid 1.25
C20:5 Eicosa pentaenoic acid (EPA) 1.87
C22:6 Docosa hexaenoic acid (DHA) 1.87
C24:1 Nervonic Acid 4.37

Parameters Mean ± SD
Moisture (%) 80.86±0.22
Protein (%) 17.00±0.00
Fat (%) 1.19±0.005
Ash (%) 1.19±0.65
Sodium (mg%) 963±155
Potassium (mg%) 774±160
Calcium (mg%) 2110±55.2
Iron (ppm) 106±9.7
Phosphorus (mg%) 1650±89

* Results are average of triplicate determinations

Table 2. Amino acid profile of P. brachypomus   (g 100 g -1)
Amino acid mg 100 g -1 Percentage
 Aspartic acid 449.953 3.71
Threonine* 506.427 4.18
Serine 237.346 1.96
Glutamic acid 482.731 3.98
Proline 0 0
Glycine 1132.285 9.34
Alanine 62.042 0.51
Cystine 0 o
Valine* 301.393 2.49
Methionine* 85.826 0.71
Isoleucine* 319.431 2.64
Leucine* 398.226 3.29
Tyrosine 0 0
Phenyl alanine* 1076.651 8.88
Histidine* 3944.572 32.55
Lysine* 3.122869 25.77
Arginine* 0 0
Tryptophan* 0 0
* Essential amino acids * expressed as percentage of total fatty acid

Nutritional composition and quality assessment of Piaractus brachypomus

Table 1. Proximate and mineral composition of cultured pacu  
P. brachypomus
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et al. (2009) noticed that the n-3 polyunsaturated fatty 
acid concentrations  were higher in wild pacu than in the 
cultivated strains. 

Organoleptic characteristics of pacu

The organoleptic scoring on a 9-point scale was 
performed and the results are given in Table 4. Texture 
(8.13) scored the maximum. All other parameters scored 
more than 7 (like moderately) and the overall acceptability 
score was 8 (like very much) suggesting that pacu has 
good acceptance.

Microbiological quality of pacu  

Fresh pacu had an APC of 1,80,000 cfu g-1. Total 
coliforms, faecal coliforms and  E. coli were not detected 
(<3 MPN g-1). Human pathogens viz., Salmonella, Listeria, 
Vibrio cholera and coagulase positive Staphylococci were 
not detected. H2S producing bacteria were not detected 
indicating freshness. The results indicate that pacu meet 
the microbiological quality criteria of EIC (1995).

Changes in biochemical quality during iced storage of 
whole and gutted pacu  

During iced storage of whole and gutted fish, 
moisture content increased and fat content decreased with 
storage period (Table 6). The increase in moisture was 
relatively higher in gutted fish and reached 84.55% at the 
end of 13 days of iced storage whereas in whole fish the 
moisture content reached 82.95% at the end of 13 days. 
Biochemical changes occurring during iced storage 
of whole and gutted pacu are presented in Table 7. The 
TVBN, TMA, AAN, PV and FFA showed an increasing 
trend during iced storage. Quality deterioration was 
relatively faster in gutted pacu. The increase in TVBN, 
TMA, PV and FFA was always higher in gutted pacu 
whereas the increase in AAN was slightly higher in whole 
pacu. Chintu et al. (2010) reported that freshwater fish 
Labeo rohita showed maximum NPN content of 17.1% 
of the total nitrogen, which was significantly higher 
compared to that of Catla catla and Hypophthalmichthys 
molitrix. Etroplus suratensis collected from both 
freshwater and brackishwater environments also showed 
significant difference (Chintu et al., 2010). In whole pacu, 
the TVBN increased from 7.42 mg% to 19.97 mg%,  
while in gutted pacu the TVBN increased to 23.23 mg%  

Table 4. Organoleptic evaluation of pacu
Organoleptic characteristics Mean±SD
Appearance 7.88±0.23
Odour 7.5±0.19
Taste 7.13±0.13
Colour 7.63±0.26
Texture 8.13±0.23
Overall acceptability 8

Heavy metals in pacu  

Cadmium, zinc and lead were detected in the 
edible part, skin, eye, liver and intestine of pacu 
(Table 5). Copper was detected only in the edible part 
and skin. Cadmium level was high in skin (3.04 ppm). 
Zinc content was highest in the intestine (54.3 ppm). 
Lead content was relatively higher in liver (0.81ppm) and 
intestine (0.66 ppm). Cadmium level in the pacu meat 
(0.77 ppm) exceeded the acceptable limit of 0.05 ppm, set 
by European Union whereas lead and mercury content in 
pacu meat were within acceptable limits (EC, 2005). Cd 
content of 0.75 ppm has been reported in frozen threadfin 
bream from the east coast of India (Prasad et al., 2007).

L. N. Murthy et al.

Table 5. Heavy metals in different body parts of pacu (Mean ±SD)
Heavy metals Skin Edible part Eye Liver Intestine
Cadmium (ppm) 3.04±0.13 c 0.77±0.11 b 0.06±0.01 a 0.07±0.01 a 0.13±0.01 a

Copper (ppm) 1.68±0.1 b 3.5±0.22c 0 a 0 a 0 a

Zinc (ppm) 8.94±0.28 a 12.67±0.01 a 8.37±0.28 a 2.83±0.21 a 54.30±10.65 b

Lead (ppm) 0.25±0.02 b 0.04±0.01 a 0.06±0.01 a 0.81±0.01 d 0.66±0.02 c

Mercury (ppm) 0 0 0 0 0
Values bearing  different superscripts in a row differ significantly (p<0.5)

Table 6. Changes in whole and gutted pacu during iced storage (Mean ±SD)
Day 0            Day 3             Day 6            Day 10             Day 13
Whole Whole Gutted Whole Gutted Whole Gutted Whole Gutted

Moisture (%) 80.86
±0.22a

80.89
±0.11 a

82.16
±0.95b

82.52
±0.05 bc

82.51
±0.28 bc

82.45
±0.33 bc

83.55
±0.23 cd

82.95
±0.83 bc

84.55
±0.24 d

Protein (%) 17.00
±0.00d

16.95
±0.15d

16.55
±0.25cd

16.50
±0.3cd

16.50
±0.3cd

16.15
±0.05c

16.05
±0.05bc

15.5
±0.3 ab

15.15
±0.0.05 a

Fat (%) 1.19
±0.005ef

1.07
±0.06 de

1.02
±0.65 d

1.09
±0.00 de

0.98
±0.01 d

0.8
±0.06 c

0.66
±0.01 bc

0.62
±0.42 ab

0.48
±0.03 a

Values with different superscripts in a row differ significantly (p<0.5) 

Parameter
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during iced storage for 13 days. In whole pacu, the TMA 
increased from 5.52 mg% to 14.45 mg% but in gutted 
pacu the TMA increased to 16.66 mg% during iced 
storage for 13 days. Chintu et al. (2010) reported TMAO 
content of 11.25g% in E. suratensis  collected from 
freshwater environment. Freshwater species Micropterus 
salmonoides, Oreochromis mossambicus and Siniperca 
chuatsi  were found to contain TMAO in the range of 
510-760, 85-720 and 400-640 mg kg-1 respectively 
(Chung et al., 2009). Chintu et al. (2010) reported 
AAN content in C. catla, L. rohita and H. molitrix as 
26.25 g%, 28.52 g% and 24.01 g% respectively. Similarly 
PV increased from 1.03 to 6.22 meq kg fat-1 in whole 
pacu whereas in gutted pacu the PV increased to 
7.05 meq kg fat-1. FFA increased from 1.16 to 11.4% of 
oleic acid in whole pacu while FFA increased to 15.15% 
of oleic acid in gutted pacu, during iced storage for 
13 days. However, the TVBN and PV values were within 
acceptable limits (Connell, 1975; EC, 1995) suggesting 
that, both whole and gutted pacu can be stored under 
iced condition for a minimum period of 13 days. Leitao 
et al. (1997) studied the shelf life and spoilage of pacu 
(P. mesopotamicus) during refrigerated storage at 5°C 
and noticed that pacu was highly stable during storage, 
with no evidence of deterioration after 14 days based on 
sensory, chemical or microbiological changes. Joseph 
et al. (1988) reported that rohu had an iced shelf life of 
16 days, mrigal 15 days and catla 17 days. Surendran 
et al. (1989) reported that pearl spot and tilapia had shelf 
life of two weeks in ice. Gopal et al. (1990) found that 
catla fillet had an iced shelf life of 12 days. Manju et al. 
(2007) reported a shelf life of 8 days for air packaged 
gutted pearl spot during chilled storage. Chitra et al. 
(2008) reported that organoleptic scores of rohu fillets 
decreased from initial value of 9.17 to 6.17 after 14 days 
at 4 - 6oC and from 9.0 to 6.0 after 14 days at 1 - 2oC 
storage. Based on odour scores, Goulas and Kontominas 
(2007) reported that chill stored raw chub mackerel fillets 
remained acceptable up to 11 days. Papadopoulos et al. 
(2003) observed that TVBN values of gutted seabass were 
higher than whole fish stored in ice. The shelf life studies  
indicate that cultured pacu can be transported as whole fish 
to different markets in the country under iced condition.

Changes in the microbiological quality of whole and 
gutted pacu during iced storage  

APC of whole and gutted fish decreased during the 
first three days of iced storage and increased  thereafter 
(Fig. 2). The initial decrease and subsequent increase 
in APC was greater in gutted pacu. The APC crossed 
the acceptable limit (EIC, 1995) on the 13th day of 
iced storage in whole (2.56 x 106 cfu g-1) and gutted 
(3.4 x 106 cfu g-1) pacu. Hydrogen sulphide (H2S) producing 
bacteria showed an increasing trend during iced storage 
and crossed 1000 cfu g-1 by the end of 13 days of iced 
storage in gutted and whole pacu (Fig. 2). Hydrogen 
sulphide producing bacteria tolerate low temperatures and 
are extremely important in spoilage of proteinaceous foods 
during chilled storage. Barile et al. (1985) observed that 

Table 7. Changes in biochemical parameters during iced storage of whole and gutted pacu (Mean ±SD)
Parameters Day 0              Day 3               Day 6            Day 10               Day 13

Whole Whole Gutted Whole Gutted Whole Gutted Whole Gutted
TVBN (mg%) 7.42±0.5 a 8.55±0.29 ab 9.18±0.4 b 12.02±0.11 c 13.28±0.19 d 16.47±0.38 e 18.09±0.24 f 19.97±0.14 g 23.23±0.65 h

TMA (mg%) 5.52±0.41a 6.5±0.38b 6.91±0.08b 8.97±0.04c 9.81±0.19c 11.10±0.22d 12.44±0.43e 14.45±0.36f 16.66±0.34g

AAN(mg%) 42.54±0.61 b 46.53±0.48 de 43.95±.14 bc 46.85±0.51 de 45.25±1.1 cd 48.12±0.5 ef 46.84±.13 de 49.86±0.3 f 49.14±.57 f

PV(meq kg  fat-1) 1.03±0.02 a 3.57±0.01 c 4.39±0.14 d 4.29±0.18 d 5.36±0.08 e 5.27±0.01 e 5.86±0.06 f 6.22±0.1 f 7.05±0.2 g

FFA (% of Oleic acid) 1.16±.06 a 9.63±0.23 b 11.28±0.33 d 9.9±0.04 b 13.08±0.08 e 10.59±0.02 c 14.32±0.22 f 11.4±0.12 d 15.15±0.11 g

Value with different superscripts in a row differ significantly (p<0.5) 

Fig. 2. Changes in the microbiological quality of whole and gutted pacu 
 during iced storage
 APC: Aerobic plate count, (log cfu g-1); H2S: Hydrogen sulphide 
 producing bacteria (log cfu g-1.) 
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on harvesting, mackerel had a predominantly mesophilic 
bacterial population but during iced storage psychrotrophs 
predominated the spoilage flora. Psychrotrophs can grow 
at 0 to 7°C even though they have optima between 20 and  
30°C (Prescott et al., 2005). Hydrogen sulphide producing  
bacteria accounted for 3 and 29% of the total plate count 
during storage of haddock at 1°C at day 0 and day 10 (Chai  
et al., 1968). Rao and Khasim (2009) suggested that 
H2S producing bacteria count of more than 3 log cfu g-1 
appears to be the separating line between freshness and 
loss of freshness in the freshwater fish, rohu. Based on 

Nutritional composition and quality assessment of Piaractus brachypomus
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microbiological parameters, spoilage appears to be 
relatively greater in gutted pacu compared to whole 
pacu during the later stages of iced storage. E. coli, 
V. cholerae, Listeria, Salmonella, and coagulase positive 
Staphylococci were not detected during iced storage of 
whole and gutted pacu. Papaopoulos et al. (2003) reported 
that pseudomonads and H2S producing bacteria were 
the dominant bacteria at the end of the 16 day storage 
period in ice for both whole ungutted and gutted seabass. 
Mesophilic counts for gutted and ungutted fish exceeded 
7 log cfu g-1 after 9 and 15 days of ice storage, respectively. 
Rao and Khasim (2009) observed a sharp increase in H2S 
producing bacteria counts during the intermediate stage 
of spoilage of rohu stored at ambient temperature. Manju 
et al. (2007) noticed a continuous increase in APC which 
reached about 107 cfu g-1 on the 10th day of chilled storage 
of pearl spot when the fish were deemed spoiled based on 
sensory scores.

Nutritional composition of pacu finger 

Frozen fingers are products meant for relatively long 
term preservation. The pacu fingers  had a moisture content 
of 59.47%, protein content of 12.59% and had appreciable 
levels of sodium, potassium, calcium and phosphorus 
(Table 8). Pacu fingers may serve as nutritionally good 
food item but due to the presence of fine spines in the 
meat, it could  be preferred  by carp consumers.

pacu fingers (Table 9). In air packaged pacu fingers, the 
TVBN increased from 19.2 mg% to 29.15 mg%, while 
in vacuum packaged pacu fingers the TVBN increased 
to 27.39 mg% during frozen storage for 3 months. PV 
increased from 8.05 to 11.71 meq kg fat-1 in air packaged 
pacu fingers whereas in vacuum packaged pacu the PV 
increased to 8.08 meq kg fat-1. However, the TVBN and 
PV values were within acceptable limits (Connell, 1975), 
both in air and vacuum packaging even at the end of three 
months of frozen storage. Results confirm the protective 
effect of vacuum packaging on fat. Vacuum packaging is 
widely used in food industry due to its effectiveness in 
reducing oxidative reactions in the products (Gopal et al.,  
1999). Devadasan et al. (1978) compared the frozen 
storage characteristics of six species of freshwater fishes 
and reported that carps had slightly better storage life 
than freshwater catfishes. Chitra et al. (2008) reported 
that TVBN content of rohu fillets increased from 
75.17-94.73 mg% after 14 days at 4 - 6oC storage and 
44.17-94.30 mg% after 14 days of storage at 1 - 2oC. 
Shahrooz and Abbas (2012) observed that freshness 
parameters viz., FFA, PV and TBA values increased 
marginally during frozen storage of vacuum packaged 
farmed cobia fillets. Nurhan (2007) revealed significant 
effects of cooking methods on proximate, amino acid and 
fatty acid contents of rainbow trout, but observed lack of 
negative influence of the cooking processes on the amino 
acid composition of rainbow trout fillets.

Changes in the microbiological quality of frozen pacu 
fingers  

APC showed gradual reduction till the third month 
both in air and vacuum packaged pacu fingers (Fig. 3) and 
all values were less than the maximum permissible level 
of 5,00,000 cfu g-1 (EIC, 1995). Faecal coliforms were 
detected during the first two months of frozen storage, 
both in air and vacuum packaged products (Table 10).  
E.coli was not detected in vacuum packaged fingers but 
was detected in air packaged pacu fingers till the end of 
2 months of frozen storage but at a low level (3.6 MPN g-1). 
V. cholerae, Listeria, Salmonella and coagulase positive 
Staphylococci were not detected; both in freshly prepared 
and frozen stored pacu fingers during frozen storage. 
Microbiological quality of pacu fingers was good and the 
quality of vacuum packaged fingers was relatively better. 
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Table 8. Nutritional composition of pacu fingers 
Parameters Mean ± SD
Moisture (%) 59.47±0.29
Protein (%) 12.59±0.28
Fat (%) 5.21±0.15
Ash (%) 22.72±0.41
Sodium (mg%) 1390±26.25
Potassium (mg%) 454±8.85
Calcium (mg%) 167±0.6
Iron (ppm) 74.28±0.76
Phosphorus (mg%) 717±2.45

Table 9. Changes in biochemical parameters of pacu fingers during frozen storage period (Mean ±SD)

Parameters      Fresh                1 Month              2 Months            3 Months
      Air      Air Vacuum       Air Vacuum       Air Vacuum

TVBN (mg%) 19.20±.32 b 23.08±.44 c 19.66±.14 b 27.59±.63 d 27.19±.46 d 29.15±.27 d 27.39±1.16 d

TMA (mg%) 13.07±0.75 b 14.40±.17 b 13.20±.32 b 19.57±.34 d 17.07±.75 c 20.02±.09 d 17.03±.41 c

PV (meq kg  fat-1) 8.05±0.45 a 9.64±0.6 bc 8.21±0.05 a 10.21±0.01 c 8.62±0.03 ab 11.71±0.5 d 8.08±0.03 a

Value with different superscripts in a row differ significantly (p<0.5) 

Changes in the biochemical quality of air and vacuum 
packaged frozen pacu fingers 

The TVBN, TMA, PV and FFA showed an increasing 
trend during the three months of frozen storage of pacu 
fingers. Quality deterioration was relatively slower in 
vacuum packaged pacu fingers. The increase in TVBN, 
TMA, PV and FFA was always higher in air packaged 
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It has been  well documented that bacteria grow more 
quickly in fish stored in air compared to that stored under 
vacuum at 0°C (Leung et al., 1992; Lyon and Reddmann, 
2000; Ozugul et al., 2004; Manju et al., 2007). 

Red-bellied pacu (P. brachypomus) cultured in 
freshwater, had adequate amounts of protein, higher 
proportion of essential amino acids and unsaturated fatty 
acids. Chemical and microbiological results show that, both 
whole and gutted pacu can be stored under iced condition 
for a period of 13 days. Pacu fish fingers stored well for 
a minimum period of three months under air/vacuum  
packaging  at -20°C. Pacu meat and fingers may serve as 
nutritionally good food item but due to fine spines in the 
flesh, it may be better preferred by carp consumers.
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Fig. 3. Changes in Aerobic plate count of pacu fish fingers during frozen 
 storage

Table 10. Changes in counts of faecal indicator bacteria in pacu fish 
 fingers during frozen storage

Storage period   Faecal coliforms 
      (MPN g-1)

         E. coli 
        (MPN g-1)

Air Vacuum Air Vacuum
1 month 15 3.6 3.6 <3
2 month 9.2 3.6 3.6 <3
3 month <3 <3 <3 <3
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