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Abstract In this study, the effect of commercial additives viz.
cafodos and altesa employed to treat Indian octopus (Cistopus
indicus) was examined during chilled and frozen storage.
Shelf lives of treated and untreated octopus in ice were 6
and 8 days, respectively in ice. Treated and untreated frozen
octopus had a shelf life of 40 days. Autolytic and microbio-
logical changes were not controlled by the additives, as evi-
denced through rapid reduction in non-protein nitrogen (NPN)
and α-amino nitrogen (α-AN) compounds; as well as accu-
mulation of water soluble ammoniacal nitrogen and total vol-
atile base- nitrogen (TVB-N) compounds. Loss of texture and
colour were the major quality defects noticed in treated octo-
pus as a result of enhanced protein solubility. Therefore, the
additives approved for use in octopus neither enhanced the
shelf life nor improved the sensory quality.
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Introduction

Cephalopods viz. squid, cuttlefish, and octopus are the impor-
tant marine resources that are rich in taste and have more
edible parts (Sikorski and Kolodziejska 1986). They are con-
sidered as highly favoured seafood delicacy in European and

Asian markets (Mohanan 2004), but currently only few spe-
cies are traded on a large scale. Cephalopods caught in Indian
waters are mainly exported in frozen form to overseas coun-
tries like Japan, USA, Spain, Italy, etc. contributing to about 1,
47,951 tonnes of the total marine seafood exports in the year
2012–13 (MPEDA 2013). Of which, the share of octopus is
6 % in terms of quantity and 5 % in terms of value (INR 150
crore) (Anon 2014). In recent years, the prospect of the octo-
pus export to overseas countries has increased due to the de-
mand for baby octopus and this has resulted in their increased
exploitation.

Cephalopods have unique spoilage pattern different from
other species, dominated by autolysis, which results in shorter
shelf life of 8–10 days, but have a very late microbial growth
(Hurtado et al. 2001; Lapa-Guimaraes et al. 2002). Autolytic
activity is around six times greater than fish; and in the case of
octopus, it is as high as 10 times (Jimenez-Colmenero and
Borderias 1983). The processing industries now face severe
problems due to the rapid spoilage and off odour development
in chilled and frozen octopus that has led to frequent rejection of
commodities by the importing countries (FDA 2014). Octopus
are often held in ice in the chill room, prior to freezing, until
sufficient quantities become available for processing. Shelf life
studies are widely available for the squid and cuttlefish, but
there are only very few reports on octopus (Vaz-Pires and
Barbosa 2004; Lougovois et al. 2008). To extend the shelf life
of chilled cephalopods, sodium chloride is widely used to in-
crease the firmness of the meat. Kulshrestha and Rhee (1996)
reported that the sensory quality of squid increased upon treat-
ment with sodium salts of ascorbate, lactate and phosphate.

BCafodos^, a mixture of sodium citrate and hydrogen per-
oxide and BAltesa^, containing a mixture of sodium citrate
and sodium bicarbonate are the two additives approved for
use in chilled octopus prior to freezing. These compounds
have multiple properties like pH buffering, sequestering,
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preservative and antioxidative effects (European Commission
2013). At present, these additives along with sodium chloride
are used to treat the octopus. In this study, the effect of these
commercial additives used by the seafood processing indus-
tries to treat the octopus was examined based on sensory,
biochemical and microbiological characteristics held in
chilled and frozen storage.

Material and methods

Thirty kilograms of fresh Indian octopus (Cistopus indicus)
procured from the Thoothukudi Fishing Harbour, Tamilnadu,
India were transported in insulated boxes and processed in
chilled and frozen forms at M/s Theva Seafood Pvt. Ltd.,
Thoothukudi. They were washed with potable water and
pre-processed by removing their gut contents and washed
again with 2 ppm chlorinated water. The yield after
pre-processing was 24 kg.

They were then divided into 2 groups of 8 kg and 16 kg,
respectively to process them in chilled and frozen forms. For
chilled storage, one set was treated with 2% salt, 0.5 % cafodos
and 0.2 % altesa for 3 h (TI) and the other left untreated to serve
as control (CI). Additives were procured from M/s Frontline
Food Ltd., Norton West UK by the company. They were sepa-
rately placed in direct contact with flake ice (1:2) in thermocole
boxes and kept in chilled storage set at 5 °C for a period of
12 days. Additional flake ice was added as andwhen required to
compensate the melting loss. For frozen storage, one set was
treated with 2 % salt, 0.2 % cafodos and 0.5 % altesa for 3 h
(TF) and the other was left untreated to serve as control (CF).
They were arranged in rectangular trays lined with 200 gauge
polyethylene sheets, to which chilled glaze water was added to
form a block of 1 kg net weight and then frozen in contact plate
freezer at−40 °C for 2 h. They were then packed in cartons and
held in a cold storage at −18 °C for a period of 4 months.
Samples were periodically analyzed for the changes in sensory,
biochemical and microbiological quality characteristics.

Sensory analysis was performed by a panel consisting of
six trained assessors following the quality index method
(QIM) (Vaz-Pires and Barbosa 2004). When the average over-
all score exceeds 9, the octopus were considered unacceptable.
Autolytic activity was determined as tyrosinase value by the
method of Hurtado et al. (2001), by incubating the muscle
homogenate mixed with chilled 0.15 M NaCl in a water bath
set at 40 °C for 1 h and reading the absorbance at 660 nm in a
UV–Vis spectrophotometer (Jasco,V-530, Japan) using tyro-
sine as a standard. Non-protein nitrogen (NPN) was deter-
mined according to the AOAC method (1995), after
deproteinization of the muscle homogenate with 7 % TCA,
followed by digestion with conc. H2SO4 in a Kjeldhal diges-
tion apparatus and subsequently determination of nitrogen
using a Kelplus distillation apparatus (Pelican Instruments

Pvt. Ltd., Chennai, India). Water soluble ammoniacal nitrogen
was determined by the steam distillation method described in
APHA (1992), by mixing the muscle homogenate with borate
buffer (pH 8.4), followed by determination of nitrogen. Total
volatile base nitrogen (TVB-N) was determined by the steam
distillation method described by Antonacopoulos and Vyncke
(1989), after deproteinization of the muscle homogenate with
6 % perchloric acid, followed by determination of nitrogen.
Free fatty acids (FFA) were estimated by the method of Takagi
et al. (1984), by extracting the fat from the muscle homoge-
nate with three volumes of chloroform: methanol: isopropanol
(2:1:2) followed by titrationwith standard alkali. Theα-amino
nitrogen (α-AN) was determined using the copper method
described by Pope and Stevens (1939), by mixing the muscle
homogenate with thymolphthalin indicator, 1 N NaOH and
copper phosphate suspension, and then with potassium iodide
and titrating against standard sodium thiosulphate in acidic
condition using starch as indicator.

Total psychrophilic bacterial counts were determined as per
the method described in APHA (1995). For which, 25 g of
octopus mantle tissue was homogenized with 225 ml of
0.85 % sterile physiological saline and decimal dilutions were
made with the same diluent. Spread plating was done on plate
count agar (PCA). Total psychrophilic bacterial count was
determined following incubation of plates at 5-7 °C for 5 days.

All analysis were carried out in triplicate and the results are
expressed as average mean ± standard deviation. One and two
way analysis of variance (ANOVA) were performed using
standard statistical package (SPSS 10.0. Chicago, USA) to
examine the statistical significance among the treatments
and the storage period. Correlation coefficients were deter-
mined between each biochemical quality parameter and sen-
sory quality scores using Microsoft Excel, 2007.

Result and discussion

The average quality index scores increased gradually in
chilled octopus (TI and CI) until day 4 and later significantly
(p < 0.05) reaching above 9 on day 12 (Table 1). Mantle of the
TI octopus turned dull and pinkish on day 8 itself, while CI
octopus turned pink on day 10. Pink colouration was also
noticed in the mouth region. Pink discolouration occurs in
octopus due to breakdown of chromatophore in the skin
(Lapa-Guimaraes et al. 2002) as well as due to stacking and
abuse handling (Sungsri-in 2010). In TI octopus, odour be-
came sweetish on day 4 and later turned to acidic and slightly
ammoniacal on day 8. Strong ammoniacal off odour has been
described as the major reason for the sensory rejection of iced
squid, Todaropsis ebalanae (Paarup et al. 2001). Storage stud-
ies carried out on chilled octopus have recorded that sensorial
rejection occurred between day 6 and 7 at 2.5 °C (Hurtado
et al. 1999); day 7 at 1–2 °C (Civera et al. 1999); and day 8 in
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ice (Vaz-Pires and Barbosa 2004), which were more or less
similar to our observation. As the TI octopus developed pink
colouration and ammoniacal odour much earlier than CI oc-
topus, they were acceptable only up to day 6, while CI octopus
up to day 8. An average QIM score of 9 correlated well with
the sensory changes and hence, taken as a limit for sensory
acceptance of chilled octopus.

Frozen octopus remained fresh with bright skin colour until
day 40 in cold storage with scores below 2.25; and later, in-
creased very gradually (Table 2). TF octopus had higher av-
erage sensory scores than CI octopus due to loss in texture and
skin colour. Earlier studies have shown that frozen squid treat-
ed with ascorbic acid was of good quality with more shelf life
(Selvaraj et al. 1991) and those treated with sodium ascorbate,
lactate and phosphate had better sensory quality (Kulshrestha
and Rhee 1996). Similarly frozen cuttlefish treated with 2 %
salt and 0.2 % citric acid also had improved overall quality
(Sophia and Sherief 2003) and those treated with 5 % NaCl

and 0.3 % H2O2 had improved colour (Thanonkaew et al.
2008). In this study, the additives viz. cafodos and altesa did
not improve the texture or colour of the frozen as well as
chilled octopus. Further to support, Benjakul et al. (2012)
had also observed no changes in the colour values during
frozen storage of squid treated with 3 % NaCl containing
0.5 % H2O2 compared to control.

Autolytic activity reduced from about 800 to 550 g/g/h
within day 2 in chilled octopus (p < 0.05) and later reduced
very gradually (Fig.1). Autolytic activity also reduced in fro-
zen octopus, but the TF octopus had slightly lower values.
Lapa-Guimaraes et al. (2002) indicated that spoilage in ceph-
alopods is generally dominated by autolysis that would lead to
a shorter shelf life. In an earlier report, even application of
high pressure had reduced the autolytic activity in octopus
by around 68 % at the start of chilled storage (Hurtado et al.
2001). The additives examined in this study had sodium salts
of citrate, chloride and carbonate, which did not suppress or
enhance the autolysis as compared to control. The higher au-
tolytic activity post-mortem produces an increased level of
muscle derived nitrogen components (Hurtado et al. 1999).
But, the NPN compounds in chilled octopus decreased signif-
icantly from about 440 to 340 mg/100 g (p < 0.05) and later
gradually. Continuous reduction in the NPN compounds was
also recorded in octopus (Dhananjaya and Venkatappa 2006)
and other cephalopods (Vaz-Pires et al. 2008) on ice storage.
Prafulla et al. (2000) have noticed about 79.5 % and 74.9 %
reductions in NPN compounds during chilled storage of
squids and cuttlefish. Significant reduction in the NPN at the
initial phase of chilled storage implies the simultaneous onset
of microbial spoilage and leaching. On the other hand, chang-
es in NPN of frozen octopus were very minimal due to the
limited microbial growth during cold storage (Fig. 2). As there
were no significant differences in NPN values of control and
treated octopus (p > 0.05), the additives were not effective
against spoilage bacteria.

The α-amino nitrogen (α-AN) linearly reduced on storage
in TI octopus than CI octopus, recording a loss of 50 % within
3 days (Fig. 1). Romo et al. (1996) reported that in squid
(Dosidicus gigas), loss of α-AN was 40 % after 72 h of ice
storage. It is further proven that the additives not only failed to
control the growth of spoilage bacteria but also promoted the
growth of spoilage bacteria, as evidenced by the significant
differences in α-AN values of CI and TI octopus (p < 0.05).
The α-AN also decreased significantly in frozen octopus until
day 20 (p < 0.05). Joseph and Perigreen (1988) have also
recorded a decrease in NPN and α-AN contents in frozen
cuttlefish fillets (Sepia aculeate) similar to our findings
(Fig. 2). There were also no remarkable differences in α-AN
values of CF and TF octopus (p > 0.05).

Ammoniacal nitrogen formation is quite common in squids
during chilled storage (Paarup et al. 2001). In addition, decrease
in protein extractability during ice storage of squid and cuttlefish

Table 1 Sensory
changes in treated and
control gutted octopus
during iced storage

Days Sample QIM score •

Day 0 Control 0

Treated 0

Day 2 Control 1.5 ± 0.15

Treated 1.5 ± 0.15

Day 4 Control 2.6 ± 0.15

Treated 2.9 ± 0.05

Day 6 Control 6.1 ± 0.05

Treated 6.9 ± 0.05

Day 8 Control 7.5 ± 0.20

Treated 8.4 ± 0.15

Day 10 Control 8.3 ± 0.10

Treated 9.4 ± 0.05

Day 12 Control 9.7 ± 0.10

Treated 10

•Total QIM Score is 10

Table 2 Sensory
changes in frozen stored
gutted Octopus

days Sample QIM score •

Frozen Raw 0

0 day Control 0.25 ± 0.5

Treated 1.00 ± 0.8

20 day Control 0.25 ± 0.5

Treated 1.25 ± 0.5

40 day Control 2.25 ± 0.9

Treated 3.50 ± 1.0

60 day Control 5.25 ± 2.6

Treated 5.25 ± 1.5

80 day Control 7.55 ± 0.9

Treated 7.0 ± 1.0

•Total QIM Score is 10
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have also been reported (Ruiz-Capillas et al. 2006). As the esti-
mated water soluble ammoniacal nitrogen includes soluble pro-
tein nitrogen, it serves as an index of protein solubility and am-
monia formation. This nitrogen fraction was very low in fresh
octopus, but increased gradually on storage (Fig.1). Significant
differences were observed between day 2 and day 4 (p < 0.05)
and between day 6 and day 8 (p < 0.05) in chilled octopus. In TI
octopus, the initial increase was more rapid (p < 0.05). In frozen
octopus, this fraction increased very gradually during storage
(Fig. 2). In support to our findings, high protein solubility of
60%was also recorded in 5 %NaCl treated frozen octopus held
for 12 months in frozen storage by Moral et al. (2002). The
additives viz. cafodos, altesa and salt had also enhanced the
solubility of octopus myofibrillar protein leading to more water
soluble ammoniacal nitrogen fraction. Among the various bio-
chemical parameters, a positive correlation existed between the
sensory scores and this fraction of frozen treated and untreated
octopus.

FFAvalues increased from 2.3 % to 13.2 % oleic acid/g fat
in chilled octopus. Increase in FFAvalues during ice storage of

octopus and cuttlefish was reported by several authors
(Dhananjaya and Venkatappa 2006; Sophia and Sherief
2003). Significant changes were noticed between day 2 and
day 4 in CI octopus (p < 0.05) and within day 2 (p < 0.05) in
TI octopus. Additives had thus promoted the lipid hydrolysis
rapidly in chilled octopus. In frozen octopus also lipid hydro-
lysis proceeded in a similar manner as that of chilled octopus.
(Fig. 2). Earlier studies have indicated that enzymatic reduc-
tion can continue in frozen fish held at -30 °C (Cassens 1994)
and cause intrinsic chemical changes. Although sodium chlo-
ride has an ability to inactivate autolytic enzymes of marine
species (Siringan et al. 2006), it had failed to control the action
of lipase when used along with sodium citrate, sodium car-
bonate and hydrogen peroxide. FFA values have also shown
good correlation with the sensory scores in CF octopus
(r2 = 0.965) and TF (r2 = 0.996) octopus.

TVB-N values increased from day 4 itself exponentially
reaching a maximum of 12.74 mg/100 g on day 12 in chilled
octopus (Fig. 1), indicating the onset of microbial spoilage.
Earlier, citric acid has been reported to reduce TVB-N and pH,
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Fig. 1 Changes in the biochemical changes in treated and control gutted octopus during iced storage
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but increase the toughness of the chilled squid (Agrafioti and
Katsanidis 2012), while NaCl did not have any significant
effect in the presence of other additives. TVB-N values of
frozen octopus also increased but very gradually at the begin-
ning and later, significantly (p > 0.05) as a result of the slow
proliferation of psychrophilic spoilage microflora. An in-
crease in TVB-N, TMA-N, PVand FFAvalues in NaCl treated
and control cuttlefish during frozen storage was also observed
by Sastry and Srikar (1985), similar to the present findings. A
good correlation also existed between TVB-N values and sen-
sory scores of treated and untreated octopus. (r2 = 0.997).

Total psychrophilic bacterial count in chilled octopus was
initially 4.11 log cfu/g, which increased gradually until day 4
(p < 0.05), and therefore remained constant at 6 log cfu/g until
day 12. Initial TPC of common octopus has been earlier report-
ed to be as low as 3–4 logs cfu/g (Hurtado et al. 2001; Vaz-Pires
and Barbosa 2004) similar to our observation. In an earlier
report, TPC in aerobically stored squid had exceeded the max-
imum limit of 7 log cfu/g beyond day 8 in ice (Ohashi et al.
1991). In general, Pseudomonas and Shewanella spp. are the
main spoilage bacteria that grow during aerobic storage in
chilled seafood (Gram and Dalgaard 2002). Growth of
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psychrophilic bacteria in the frozen octopus was also noticed as
the counts increased from 4 to 7 log cfu/g within day 80
(Fig. 3). On the contrary, Dhananjaya and Venkatappa (2006)
had noticed a decrease in total mesophilic count from 5 log to 3
log cfu/g in battered and breaded squid and cuttlefish during
105 days of frozen storage. Since, the author had examined the
total mesophilic bacteria, the results did not reflect the presence
of total psychrophilic bacteria. TF octopus had one or two log
higher counts than CF octopus, which further proved that these
additives did not control the growth of psychrophilic spoilage
bacteria. However, no good correlation existed between the
total psychrophilic counts and sensory scores.

Conclusion

This study indicated that treatment of octopus with additives
like cafodos, altesa and sodium chloride could not control the
growth of psychrophilic bacteria instead can enhance the pro-
tein solubility leading to the production of soluble nitrogenous
compounds for bacterial utilization. This has attributed to the
loss of texture and colour in chilled and frozen octopus.
Additives have also failed to control lipid hydrolysis that is
predominant in frozen products. Among the biochemical in-
dices, water soluble ammoniacal nitrogen and FFA correlated
well with the sensory scores and therefore could serve as bet-
ter quality indices. Further study can be undertaken to exam-
ine whether these additives affect the functional properties of
the octopus protein fractions.
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