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The effect of crude potato tuber extract (PTE) on the keeping quality of fish mince
at +4 and -4°C storage was studied with a view to retard the proteolytic activity in fish
mince. There was significant reduction in trimethyl amino-nitrogen and total volatile base
nitrogen levels in PTE treated sample than in control. The growth and activity of the
bacteria were suppressed in fish mince by the addition of even small amounts of crude PTE.
Incorporation of PTE and storage of fish mince at sub-zero and refrigerated temperatures
enhanced the keeping quality of fish mince. A marked difference in the composition of
bacterial flora on treatment with PTE was observed. The growth of Pseudomonas appeared
to be suppressed in the treated fish mince. Vibrio spp. were the dominant flora in both

samples at the end.
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Chilling and refrigeration have been
recognised as the ideal way to reduce
bacterial activity and retain freshness of
fish. However, these alone may not be
enough to completely control bacterial
spoilage of fishery products. Extracellular
proteases secreted by contaminant bacteria
play a prominent role in fish spoilage even
at low temperatures (Venugopal, 1990). It
is therefore, essential to minimise bacterial
activity preferably by combining other
processes along with chilling to achieve
maximum shelf life of stored fishery prod-
ucts. Interaction of factors to control
microbial spoilage of refrigerated foods
have been well documented (Scott, 1989).
Various attempts have been made on the
use of enzyme inhibitors to retard the
proteolytic activity in fish. Inhibition of
cathepsin, (Toyohara et al., 1982), Pseudo-
monas proteases (Kato et al., 1974), diges-
tive enzymes in Anchovy (Martinez &
Gildberg, 1988), alkaline proteases
(Makinodon et al., 1985) and serine protei-
nases (Orejano & Liston, 1981) by protease
inhibitors from various sources have been

Fish mince, microbiological quality, potato extract.

well demonstrated. Extension of keeping
quality of fish by protease inhibitors ex-
tracted from Red wood seeds, Adenanthera
pavonia (Gowda & Karunasagar, 1985) and
from potatoes (Aksnes, 1989) has also been
reported. The present paper deals the
effect of protease inhibitors from potato
tuber (Solanum tuberosum L.) on the bacte-
riological and biochemical characteristics
of fish mince obtained from Johnius
dussumieri at refrigerated and sub-zero
temperatures.

Materials and Methods

Potato tubers, Solanum tuberosum L.,
were purchased from the local vegetable
market. Fresh sciaenid, Johnius dussumieri,
procured from Tuticorin fishing harbour
was used.

Crude extract of potato tubers (PTE)
was prepared by homogenizing one part of
potato tuber with three parts of 0.02 M
phosphate buffer (pH 7.0) containing 0.15
M sodium chloride in cold for 2-3 min. The
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homogenized sample was kept at 4°C for
3 h with occasional shaking and centri-
fuged at 7,500 x G for 15 min. The
microbial load of the supernatant extract
was reduced by tyndallization in a water
bath at 65°C for 30 min for 3 successive
days. Trypsin inhibitory activity of PTE as
caseinolytic assay of trypsin was quantita-
tively determined (Sumathi & Pattabiraman,
1975). The protein content of the crude
extract was determined by the method of
Lowry et al. (1951).

The method of processing of fish and
the details of treatment given to the fish
mince are presented in Fig. 1. All the
samples after thorough mixing were stored
at +4 and -4°C for quality evaluation. At
regular intervals, the trimethylamine nitro-
gen (TMAN) and total volatile base nitro-
gen (TVBN) contents of fish mince were

determined (Conway, 1947). Total plate
count (TPC) on plate count agar and proteo-
lytic count (PC) on skimmed milk agar were
determined as described by APHA (1976).
The generic composition of the bacterial
flora from the samples stored at 4°C were
determined by identifying randomly cho-
sen colonies, using the scheme of Surendran
& Gopakumar (1981). The effect of PTE on
an isolate of Pseudomonas sp. from fish
mince was studied by inoculating 1.0 ml of
a 10 fold diluted overnight culture into 100
ml nutrient broth in 250 ml Erlenmeyer
flasks containing 5% PTE or 0.85% sodium
chloride (physiological saline) separately.
All flasks were incubated without agitation
at 30°C for 48 h. Growth was assessed by
turbidimetry at 530 nm and by plating on
tryptone glucose yeast extract agar at inter-
vals. Two way ANOVA was used to test
any significant difference among treatments.

Fresh sciaenid

\)

Washing

\)

Removal of fish meat from edible portion (manually)
& washing

\J
Mincing
\)

Packing of mince in sterile beakers (250 g each)

\)

Addition of tyndallized crude potato extract at

0% 2.5% 5.0% 10.0% (v/w)
{ 1 { !
Storage at Storage at Storage at Storage at
+4°C & +4°C +4°C & +4°C
-4°C -4°C

Fig. 1. Method of processing of fish and details of treatment given to fish mince




BACTERIAL QUALITY OF FISH MINCE 41

Table 1. Effect of crude potato tuber extract (PTE) on the quality of fish mince at -4°C

Storage, TMAN, mg 100g? TVBN, mg 100g?! Log TPC g?!
days
PTE 0% 25% 5.0% 10.0% 0% 25% 5.0% 10.0% 0% 25% 5.0% 10.0%
0 115 115 115 115 717 717 717 717 632 632 632 632
1 301 201 167 1.68 777 750 731 755 653 649 649 646
3 320 202 177 201 10.67 1037 944 9.74 - - - -
5 331 280 270 222 17.38 10.79 10.08 10.11 661 639 608 621
7 425 426 425 4.07 18.57 13.70 1215 12.46 - - - -
9 557 459 430 444 2155 17.58 17.42 16.33 7.31 728  6.53 6.92
11 689 620 583 6.08 2480 23.10 21.87 21.27 744 740 708 7.16

TMAN : F 12.34; p < 0.05; df 18,3. TVBN : F 8.03; df 18,3. TPC : F 4.78; p < 0.05; df 12,3

Results and Discussion in 11 days while in treated samples the

. increase was in the range of 0.76 to 1.08 log

The ‘_’YhOh? frgsh fish had a TPC .Of .log units during the same period. The TMAN

5.18 cfu g* which increased upon mincing nd TVBN levels d steadily throueh-
to log 6.32 to 6.56 cfu g?, an increase of a ve'smerease y Froug

more than one log unit. The increase in out the period of storage in all samples. But
bacterial load during the process of han- a reduction in TMAN levels was noticed

dling, meat removal and washing has been w1t}: ;he ipcrg?se 1tn dI.gE level§ ) nghiﬁ
observed earlier (Raccah & Baker, 1978). existed a sighiricant ditterence in

. . R levels (p < 0.05) between PTE treated (5%
Voluntary bacteriological limits in some d 10%) and untreated les. A
countries set a maximum level of bacteria an °) and unireated samp es. AMONg

at < 10° g of minced fish (Bond, 1975). L 1L treated samples no significant differ-
ence was noticed. A significant suppression

The quality of fish mince storedat - (p < 0.05) of bacterial growth and bacterial
4°C with different levels of crude PTE is activity was evidenced by plate counts and
presented in Table 1. In the untreated TMAN and TVBN levels, respectively. Simi-
sample, the TPC increased by 1.12 log units lar observation has been reported by Aksnes

Table 2. Effect of crude potato tuber extract (PTE) on the quality of fish mince at +4°C

Storage, TMAN, mg 100g™ TVBN, mg 100 Log TPC g Log PC g
days
PTE 5% 0% 5% 0% 5% 0% 5% . 0%
0 1.38 1.38 7.19 719 6.56 6.36 4.00 4.00
1 4.75 5.51 16.59 17.23 6.76 6.92 6.00 6.40
3 10.95 16.20 17.79 20.25 7.04 7.20 6.29 6.68
5 13.76 20.73 24.99 31.79 7.31 7.28 6.57 6.81
7 15.74 25.92 33.04 40.32 7.84 7.68 7.29 7.37
9 2271 . 3270 66.06 76.30 8.65 9.53 8.24 9.25
1 32.38 36.16 103.81 116.92 9.77 9.78 9.51 9.61

TMAN : F 11.83; p < 0.05; df 6,1. TVBN : F 9.53; p < 0.05; df 6,1.
TPC: F 1.27; p < 0.05; df 6,1. PC : F 1.27; p < 0.05; df 6,1.
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Table 3.
(represented as percentage of total microflora)
Microorganisms Fresh
fish Treated
(%)
Acinetobacter 24.0 31.0
Aeromonas 24.0 5.0
Alcaligenes 2.0 2.0
Arthrobacter 2.0 7.0
Bacillus 7.0 15.0
Corynebacterium 2.0 7.0
Enterobacteriaceae 7.0 3.0
Micrococcus 10.0 14.0
Moraxella 2.0 ND
Pseudomonas 3.0 5.0
Staphylococcus 12.0 5.0
Vibrio 5.0 3.0
Unidentified ND 3.0
Total gram negative
bacteria 67.0 49.0
Total gram positive
bacteria 33.0 51.0

Fish mince on 1st day

Changes in the bacterial profile of potato tuber extract treated and unireated fish mince at 4°C

Fish mince on 11th day

Untreated Treated Untreated
3.0 9.0 2.0
3.0 21.0 7.0
3.0 ND ND
7.0 ND 9.0
16.0 21.0 9.0

6.0 5.0 ND
ND 2.0 5.0
26.0 2.0 - ND
ND ND ND
17.0 2.0 21.0
16.0 8.0 2.0

3.0 28.0 45.0
ND 2.0 ND
29.0 62.0 80.0
71.0 38.0 20.0

ND = Not detected

(1989) in PTE treated ground herring stored
at 6°C. The results of the TMAN content of
this experiment suggest that the PTE can
keep fish mince in good condition for 9 days
at -4°C whereas untreated fish tend to
become unacceptable by this period.

The changes in the bacteriological and
biochemical characteristics of fish mince
stored at 4°C are presented in Table 2. The
increase in TPC was rather slow initially,
about one log unit in seven days, followed
by 2 log units increase in subsequent four
days of storage. Similarly there was an
increase in PC by 5 log units in both the
samples in 11 days. The increase in PC was
very sharp immediately after storage (1
day) by more than 2 log, and after 7 days
of storage. A significant difference (p <
0.05) in proteolytic counts was observed
between treated and untreated samples
throughout the storage.

TMAN was detectable even in fresh
fish and increased by more than 2.4 folds
on the very first day itself. Significant
difference (p < 0.05) were noticed in TVBN
ad TMAN levels between treated and
untreated fish mince throughout the
storage.

The samples showed no signs of
spoilage up to 5th day inspite of higher
TMAN and TVBN levels. Slight off-odour
and signs of spoilage were noticed on the
7th day of sampling. The immediate sharp
rise in TMAN levels could be attributed to
the sharp increase in PC by more than 2 log
units on the 1st day. Apart from this,
maceration of fish meat might have re-
leased cellular materials thereby making
the fish mince a better substrate for
bacterial growth and chemical reaction
than the intact raw material.
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Table 4.  Effect of crude potato tuber extract on Pseudomonas sp. in liquid medium

Storage Log Pseudomonas count ml* Absorbance at 530 nm

period, h Treated Untreated Treated Untreated

0 5.40 5.48 0.010 0.010

12 8.06 8.18 0.065 0.070
24 9.40 9.79 0.103 0.120
36 9.79 9.85 0.150 0.160
48 9.82 9.86 0.160 0.173

Pseudomonas count: F 4.595; p < 0.01; df 5,1. Absorbance: F 9.10; p < 0.05; df 4,1.

It is worth mentioning here that
organoleptically the shelf life of mechani-
cally deboned fish meat was reported to be
5 days at 2°C with a corresponding TPC of
1.0 to 5.0 x 10® cfu g* (Raccach & Baker,
1978).

A marked difference in the composi-
tion of bacterial flora in fresh fish and fish
minces on treatment with PTE at 4°C for 11
days was observed (Table 3). Acinetobacter
and Aeromonas among gram negative, and
Staphylococcus and Micrococcus among gram
positive bacteria were the dominant groups
in fresh fish accounting for 70% of the total
population. The process of washing,
filleting, meat removal and mincing changed
the composition of bacterial flora. Both
treated and untreated samples had varying
composition of bacterial flora on the first
day. In treated sample Acinetobacter was
dominant followed by Bacillus and Micro-
coccus, while in untreated sample Micrococ-
cus was dominant followed by Pseudo-
monas, Bacillus and Staphylococcus. The fish
mince which was almost spoilt on the 11th
day was dominated by Vibrio in both
samples. Spoilage of fish is reportedly
caused by microbial population dominated
by Pseudomonas and related bacteria like
Vibrio (Liston, 1982; Chandrasekaran et al.,
1984). This was evident in untreated fish,
where Pseudomonas and Vibrio accounted
for 21% and 45% of the total population,
respectively. In treated fish, on the other

hand, the growth of Pseudomonas group
appeared to be suppressed and accounted
only 2% of the total flora. Similar suppres-
sion of Pseudomonas with protease inhibi-
tors (PI) from Adenanthera pavonia treated
fish has been reported (Gowda &
Karunasagar, 1985). The suppression of
growth of Pseudomonas was also confirmed
when grown in liquid medium with and
without crude PTE (Table 4). The addition
of PTE has been reported to inhibit autoly-
sis and reduce the liberation of free amino
acids (Aksnes, 1989) thereby making the
fish mince an unsuitable substrate for
immediate bacterial growth and activity.

The protease inhibitory activity of
crude PTE was measured in an assay for
trypsin and it was found to have 14.29
Trypsin Inhibitory Units (TIU) activity
mg’' protein. Sumathi & Pattabiraman
(1975) recorded 18.66 TIU mg? protein in
potato and Aksnes (1989) observed varia-
tion in the activities of PI from different
cultivars of potato. The lower Trypsin
inhibitory activity in this case may be
because of the heat treatment given to
reduce the microbial load. Although the
potato tubers were reported to contain
inhibitors for chymotrypsin, carboxypepti-
dases A and B and Cathepsin D (Pearce et
al., 1982; Aksnes, 1989) no attempt was
made in this study to confirm the same.
Potato tuber was reported to show greater
inhibitory activity against o - Chymotryp-
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sin and the PI activity of potato was
completely destroyed when heated for 20
min at 95°C (Sumathi & Pattabiraman,
1975).

Thus, addition of crude extract of
potato tuber containing protease inhibitors
to fish mince decreased the production of
TMAN and TVBN and suppressed the
growth and activity of bacteria. Since the
PI from potato has been reported to be
inactivated on heat treatment, it can be
expected that any residual protease inhibi-
tor in treated fish would be destroyed
during cooking and the fish would hence
be safe for human consumption. Storage of
fish mince at sub zero temperature would
further help enhance its keeping quality.
Extracts from potato tuber could thus be
effectively used to prolong the shelf life of
fish mince at refrigerated storage tempera-
tures.

The authors express their gratitude to Dr. M.
Devaraj, Dean, Fisheries College and Research Insti-
tute, Tuticorin, India for providing facilities and
encouragement.

References

Aksnes, A. (1989) ]. Sci. Food Agric. 49, 225

APHA (1976) Compendium of Methods for the
Microbiological Examination of Food.
(Speck, M.L.., Ed.) American Public
Health Association, New York, USA

Bond, RM. (1975) Background paper on
Minced Fish. FAO Fisheries Circular
No. C332, Rome, Italy

Chandrasekaran, M., Lakshmanaperumalsamy,
P. & Chandramohan, D. (1985) in
Harvest and Post-harvest Technology of
Fish. (Ravindran, K. et al, Eds.),
p- 497, Society of Fisheries Technolo-
gists (India), Cochin, India

Conway, E.]. (1947) Microdiffusion Analysis
and Volumetric Error., 5th Edn.,
Crossby, Lockwood and Sons,
London, UK

Gowda, H.S.V. & Karunasagar, 1. (1985) J.
Sci. Food Agric. 36, 1113

Kato, N., Adachi, S. Takeuchi, K., Morihara,
K., Tani, Y. & Ogata, K. (1974) Agric.
Biol. Chem. 38, 103

Liston, J. (1982) in Chemistry and Biochem-
istry of Marine Food Products, p. 27,
AVI Publishing Co., Connecticut,
USA

Lowry, O.H., Roseborough, N.J., Faar,
A.L., & Randall, R.J. (1951) J. Biol.
Chem. 193, 265

Makinodon, Y., Toyohara, H., & Niwa, E.
(1985) J. Food Sci. 50, 1351

Martinez, A. & Gildberg, A. (1988) Int. |.
Food Technol. 23, 185

Orejano, F.M. & Liston, J. (1981) J. Food Sci.
47, 198

Pearce, G. Sy. L., Russel, C., Ryan, C.A. &
Hiss, GM. (1982) Arch. Biochem.
Biophy, 213, 456

Raccach, M. & Baker, R.C. (1978) . Food Sci.
43, 1675

Scott, V.M. (1989) J. Food Protect. 52, 431

Sumathi, S. & Pattabiraman, T.N. (1975)
Ind. ]. Biochem. Biophy. 12, 383

Surendran, P.K. & Gopakumar, K. (1981)
Fish. Technol. 18, 133

Toyohara, H., Makinodon, Y. & Ikeda, S.
(1982) Bull. Jap. Soc. Sci. Fish. 48, 1145

Venugopal, V. (1990) . Food Protect. 53, 341



