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Indian mackerel (Rastreitiger kanaqurta) is one of our commercially

important fish varieties, the annual landings being in the order of 100,000

tons. A survey of consumer-acceptance standards has indicated a preference

for wet fish in fresh condition. However, owing to an inadequate supply of

ice for chilling the fish and extremely poor faci l i t ies for transportation

and distribution, aggravated by a tropical environment with inherently high

microbial contamination risks, a large percentage of mackerel reaches the

consumer in a state of putrescence. Prime fish normally does not reach

the hinterland and fresh fish is restricted to people in coastal areas.

Table 1 indicates that one-half of the mackerel catch is disposed of without

icing, and as much as 25% of the catch has to be cured and sun-dried;

emphasizing the need for conservation of fresh mackerel for distribution to

interior places in the country. Studies during the past few years have

revealed that exposure to radurization doses enhances about three-fold the

shelf-life in ice of mackerel. The-technological feasibility of this

process as well as the stability of radurized mackerel at various storage

temperatures has been discussed at the previous two research coordination

meetings held at Jakarta and Bombay. The present report pertains to factors

influencing the quality-assessment of radurized mackerel stored at 0 and 5°C.

Mackerel caught at Mangalore, about 500 km from Bombay were

transported by road to Bombay the time taken to reach Bombay being approxi-

mately 24 hrs. Only the best quality mackerel were selected for our experi-

ments. The mackerel were beheaded, eviscerated and thoroughly washed in

water. These were placed in cane baskets between layers of ice and brought

to our Processing Hall within 2 hr where the fish were again washed thoroughly,



trimmed and packed in polythene bags (250 gauge), 8-10 mackerel in each bag.

The bags were surrounded by ice and exposed to a radiation doss of 150 krsd,

the optimal dose for mackerel, in a ° Co Package Irradiator, at a dose rate

of, 3 krad/min. Bags which were not irradiated were also kept in ice during

the period of radiation treatment. After irradiations unirradiated and

radurized mackerel were stored at 0°C and 5°C since at higher temperatures

radurization only gave a marginal extension of shelf-life»

Microbiological status of irradiated and unirradiated mackerel

For the microbiological studies, 10g representative portions were

taken from control and radurized mackerel, at regular intervals during

storage at 0 and 5°C. About 50 colonies were picked from each plate for the

taxonomie studies« Individual isolates streaked on TGE slants were examined

for routine morphological and biochemical tests and identified up to the

generic level. Fig. 1 depicts the profile of microflora of unirradiated and

radurized mackerel stored at 0 and 5°C. Almost all isolates of both control

and radurized samples screened during storage at 0 and 5°C, could be catego-

rised as Micrococcus» Bacillus, Pseudomonas« or Enterobacteria sp. Of these»

Micrococci were found to predominate in both control and radurized samples,

on the initial as well as terminal days of acceptability. However, while

Bacillus, Pseudomonas and Enterobacteria sp. were found in significant

numbers in border-line control samples, their growth was considerably restricted

in radurized samples during the period they were in acceptable condition.

Spoilage potential of pure cultures isolated from Indian mackerel

Representative isolates belonging to the genera Pseudomonas»



Enteiobacterla. Bacillus and Micrococcus sp- Isolated from mackerel, were

investigated for their spoilage potential in texnss of their growth and

biochemical reactions. In these studies, 10$ fish homogenate was prepared

in physiological saline and 9 ml aliquots were dispensed in test tubes and

heat sterilized. The sterile homogenates were inoculated with 1 ml pure

bacterial suspensions to give a final concentration of 10 -10 cells/ml

homogenste. Immediately after inoculation, the samples were transferred to

cold cells maintained at 0-2°C.

Storage studies revealed that one weeks storage resulted in increase

in viable cell counts by 3-4 log cycles. Sensory evaluation studies revealed

that after 10 days, samples seeded with Pseudomonas sp. had organoleptic

scores averaging 4.0 yhereas the rest of the Homogenates were found to be

organoleptically acceptable* It was observed that despite prolific bacterial

growth and high TVBN values, TMA content of Pseudomonas-lnoculated samples

was low. After 2-3 weeks of storage, TBC of homogen at e6 increased to 10 -

10 /ml. Increase in TBC and TVBN was accompanied by corresponding decline

In orqanoleptic acceptability of most samples, including Bacillus sp.

($•1005 and$1007) except in the cas« óf samples-seeded with Micrococcus

(#204) and Bacillus sp. (#419), where organoleptic score did not fall

proportionately. On prolonged storage for 5 weeks, TBC remained steady at

10 -10 /ml in most of the samples and Pseudomonas and Enterobacteria

inoculated samples had extremely low organoleptic ratings. On the other hand,

homogenates inoculated with Klcrococcus sp fc$ 204) and Bacillus sp. (^419)

were organoleptically acceptable despite profound bacterial growth, and were

found to contain comparatively small amounts of TAM and TVBN. In fact, TMA



«ws detected only in low levels, even in fäpoiling mackerel.

The above findings graphically presented in Fig. 2 indicate that

mackerel homogenates support equally well the growth of Bacillys»

Mlcrococcusi Pseudomonas and Enterobacteria sp. Most of the isolates

examined for their spoilage potential were found to produce high quantities

of TVBN but low levels of TMA during their entire incubation period,

suggesting either an absence of the TMAO-reductase enzyme system in these

bacteria» or the presence of low concentrations of TMAO in mackerel» Further,

sine« the Bacillus species used were found to lack urease, the high content

of total volatile nitrogenous compounds produced by these organisms may be

due to their decarboxylase activity«

TTT studies

Fish spoilage depends on i ts duration of storage at a given tempera-

tura. In India, although fish is -generally transported in ice, temperatures

during transit may rise considerably. Hence time-temperature--tolerance (TTT)

studies were conducted at five storage temperatures ranging from 0-20°C in

order to predict the shelf-life of mackerel at these temperatures.

In order to obtain a correlation between spoilage rate and temperature»

the Spencer and Baines equation (1) was used. This is expressed as

u = v (1 + C 8) where ur = spoilage rate at 6 °Cj v = spoilage rate at 0 °C,

and C = temperature coefficient. The relative spoilage rate = Ü •

v

The actual spoilage rates» as seen in Fig. 3, vary widely depending

on the parameters used i.e. chemical» bacteriological or organoleptic. To

obtain a linear relationship over the entire temperature range, actual spoilage



rates were calculated using the method of least square determination.

However, as seen in Fig. 4 straight line relationships were not obtained

when relative spoilage rates were calibrated against storage temperatures.

This finding indicates that further experiments are necessary for a plausible

correlation.

Studies on textural quality

Since spoilage bacteria are selectively inactivated by radurization

doses» bacteriological and chemical parameters dc not serve as useful quality

indices of radurized mackerel. Attempts were therefore made to correlate

alterations in textural attributes of mackerel during storage, with consumer

acceptability.

For studies of physical parameters viz. shear force (SF), compress-

ion strength (Cs), water-holding-capacity (W1C) and plasticity index (PI),

whole mackerel were filleted. Portions of body muscle close to the front

dorsal fin were used for SF measurements. The pieces were cut to standard

measurements of 6-7 mm length x 3-4 mm width x 1-1.5 mm thickness, weighing

about 10-12 g. The rest of the fillets were g*ôund and used for WHC and PI

determinations. The average of at least eight determinations was taken as

an estimate for each parameter.

Shear force (SF)i Shear force was determined using a modification of the

method described by Awad and Mehl (2), using an Instron Universal Texturo-

meter, equipped with 6 kg force. The shear strength cell was composed of

five blades, each 2 mm thick and spaced 2 mm apart. These blades passed

through a sample holding box with s corresponding number of slots, and the
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sample was laid across the slots of the box. The samples were sheared at

a rate of 1.6 mm/sec. The shear force (kg) was monitored by an electric

recorder operating at a speed of 10 cm/min.

flater-holdlng capacity (VKC)i Th»* method used was a modification of the one

proposed by Grau and Hamm (3 ) . 300 mg ground fish muscle was weighed on a

? cm VJhatman No.l f i l t er paper which had been pre-conditioned by standing

overnight in a dessicator over saturated KC1 solution. The f i l t er paper and

muscle sample at room temperature were placed between two plates and immedia-

tely pressed under 60 kg pressure using a sliding bar pattern compensating

planimetez. The % free water and WHO were calculated according to the

formula of Awad and Diehl ( 2 ) .

% free water =

WHC

(Total wetted area -meat film area)* 10.465

mg sample x % moisture

100-9$ free water

X 100

Plasticity index (PI)t Pt was determined using the mett i of Robeits et al

(4). PI expressed in Cm /g was obtained by taking the meat film area as

obtained from the WHC determinations and dividing by the weight of the

sample.

Drip lossi Drip loss was determined according to the method described earlier

by Gore and Kumta (5).

Pigs* 5 and 6 represent the effect of irradiation on the textural quality of

mackerel stored at 0 and 5°C« It was found that SF values of unirradiated

•ackérel dtcreastd from 1*53 to 1.00 kg during a storage period of 12 and



8 days respectively at 0 and 5°C. On the other hand, radurized samples

showed only 10$ reduction in SF values during storage at either temperature.

These findings are consistent with our earlier report (6), where it was

observed that radurized mackerel exhibited better textural properties than

unirradiated samples during storage at 0-2°C From Figs. 5 and 6 it is

evident that SF values correlate well with OS in respect of textural

attributes. Water holding capacity (WUC) rapidly reduced initially both in

unirradiated and radurized mackerel stored at both 0 and 5 C. However,

although WHC of unirradiated samples kept ori reducing during storage» in the

case of radurized mackerel, WHC values stabilized after 8 days storage at

both temperatures. PI values increased concomitantly with decrease in VIHC

of control and radurized samples. The drip loss was found to be similar

(about 2$) in both control and radurized samples, which confirms our earlier

findings (6).

Transportation .studies on raduri;ed mackerel

Studies on the transportation aspects of radurized mackerel were

conduced in collaboration with Jadavpur University, Calcutta. Fresh mackerel

were dressed and air-packed in polythene tags and irradiated at 150 krad.

These bags were then packed with twice their weight of ice, in plywood boxes

(60 x 50 x 40 cm) lined with 20 mm thermocole, and despatched by rail to

Calcutta, about 2000 km away from Bombay, requiring two days in transit.

Representative samples examined periodically at Calcutta for chemical, bact-

eriological as well as organoleptic quality indices, revealed th*t the

results were comparable to those obtained with the counterparts held in our

laboratory. Results of these findings are shown in Tables II and i n .
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Summary

Radurization of Indian mackerel (Rastrelliger kanaqurta) at a

dose of 150 krad was found to enhance the storage life from 8-10 to 21-24

day« at 0°C, and from 5-7 to 13-15 days at 5°C. Representative bacterial

species isolated from mackerel, differed widely in their spoilage potential«

Assessment of alterations in the textural attributes of radurized mackerel

during storage, provided a satisfactory index of quality.
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Table 1. APPROXIMATE DISPOSITION OF THE ANNUAL CATCH OF MACKEREL

Disposition J»! of mackerel catch

Marketed wet without i ce

Marketed wet in i ce

Marketed wet under refrigeration

Dried and marketed )
)

Cured and marketed )

Frozen and exported

Frozen and marketed

Canned and exported

Canned and marketed

Boiled/blanched/semi-cooked/cooked and
marketed without canning

Converted to fish meal

50

20 - 25

5 - 1 0

20 - 25

Nil

Negligible

Nil

Negligible

Nil

Nil

Information obtained from Central Institute of Fisheries

Technology, Cochin.



Table II. QUALITY ATTRIBUTES OF RADURIZED MAOCEREL

Storage
in days

6

9

12

18

21

24

S T O R E D A T O°C

O.S.
Control Radu rized

9

6

7

5

9

9

8

7

5

TVBN mg/100 gm fish
Control Radurized

11*0

19.16

23.6

29.31

9.95

17.73

23.76

28.43

30,36

i

Control

8

7

5

3

S T O R E D

O.S.
Radu r i zed

9

8

7

5

3

A T 6°C

TVBN
Control

18.24

29.92

39.13

44.7

mg/100 gm
Radurized

15.63

24.87

30.04

37.41

37.82

*Analy$is done by Department of Food Technology and Biochemical Engineering, Jadavpux University,

Calcutta.



Table I I I . QUALITY ATTRIBUTES OF RADURIZED MACKEREL

Storage period Órganoleptic score
(days) Control Radurized

TBC/g TVBN ng/100 g
Control Radurized Control Radurized

8

15

23

8

6

4

8

8

7

1.5 x 103

2.4 x 106

3.1 x 107

8.8 x 103

2.6 x 1O5

5.8 x 106

16.50

35.96

42.36

21.49

25.23

31.46



PROFILE Of MICROFLORA OF UNIRRAPIA7ED AND
RAOURIZED MACKEREL STORED AT 0° i
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Figo 1. Profile of microflora of unirradiated and raduri¿ed mackerel

stored at 0 and 5°C.



SPOILAGE POTENTIAL OF TYPICAL MICROFLORA

ISOLATED FROM MACKEREL
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Fig. 2. Spoilage potential of typical bacteria isolated from mackerel.

Pure cultures were inoculated in mackerel homogenates which

were examined for TBC, OS, TMA and TVBN during regular intervals

of storage at 0-2°C.
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Fig* 3* Effect of storage temperature on spoilage rate of unirradiated and

xadurized mackerel. Spoilage rates were computed for TBC, TVBN,

OS, FFA and TVA, using the equation of Spencer and Baines (1).
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»Ig. 4* Spoilage rates of mackerel determined by various parameters»

relative to the rate of spoilage at 0°C.



CHANGES IN PHYSICAL PARAMETERS OF UNIRRAOIATED

AND RADURIZED MACKEREL STORED AT 0-2° C
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Fig* 8. Textural alterations in mackerel during storage at 0-2°C.

Changes in textural attributes were assessed in terms of shear

force, water-holding-capacity, plasticity index, drip loss and

organoleptic score in respect of texture. OS ratings were accord-

ing to a 5-point scale viz. Elastic or firm (Very fresh) = 5;

Firm (fresh) = 4j Slightly soft = 3| Moderately soft s 2 and

Very soft = I.



CHANGES IN PHYSICAL PARAMETERS OF UNIRRADIATED
AND RADURIZED MACKEREL STORED AT 5 - 7 ° C

-CONTROL RADURIZED-
1150 Krad)

¿ 8 4 8 12
STORAGE PERIOD IN DAYS (AT 5-7°C)

Fig» 6» Textural alterations in mackerel during storage at 5-7°C.

Changes in textural attributes were assessed in terms of shear

force, water-holding-capacity, plasticity index, drip loss and

organoleptic score in respect of texture. OS ratings were accord-

ing to a 5-point scale viz* Elastic or firm (Very fresh) = 5}

Finn (fresh) = 4} Slightly soft = 3; Moderately soft = 2 and

Very soft = 1.


