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DEVELOPMENT OF CANNED FISH IN TOMATO SAUCE ENRICHED
WITI FiSIl OIL
11, Determination OF lmportant Factors During Processing

PENGEMBANGAN PRODUK IKAN KALENG BERMEDIUM SAUS TOMAT
YANG DIPERKAYA DENGAN MINYAK IKAN :
11, Penentuan Faktor-Faktor Penting Sclama Pengolahan

Hari Eko Irianto, Carmen C. Fernandez*®) dan G.J. Shaw**)

ABSTRACT : Pre-Cooking in the canning process induced the release of fish oil. The enrichment
of fish oil into the canned fish product was aimed at recovering the lost oil.

Determination of important factors in the processing of canned fish eariched with fish oil was
carried out. Eight factors screencd were brining time, pre-cooking, vacunm headspace, sterilization
time, and additions of garlic, shallot and vinegar. Screening of the factors was conducted using Placket
and Burman experimental design, The resull showed that all those factors were important except
brining time of fish, Sterilization time and tomato sauce salliness were required to be optimized.

ABSTRAK :  Prosespre-cooking dididalam pengalenganikan menyebabkan hilangnya sebagian
minyak ikan. Pengolahan ikan kaleng yang diperkaya dengan minyak ikan
dimaksudkan untuk memperolel minyak ikan yang hilang terscbut.

Penentuan Faktor-Faktor penting di dalan pengoliahan ikan kaleng dengan medinm snos tomat
yangdiperkaya dengan minyak ikan telah dilaksanakan. Faktor-faktor yang diidentifikasi pengaruhnya
adalah lama perendaman ikandi dalam Laritan garam, pre-cooking, kondisi vakum pada headspace,
lama sterilisasi, penambahan bawang putil, bawang merah cuka. Hasil penelitian menunjukkan
balhwa semua faktor tersebut merupikan faktor penting di dalam pengolahan ikan kaleng dengan
medium saus tomat yang ditambah minyak ikan keeuali fakior perendanan ikan di dalam larutan

periu dioptimalkan.

1. INTRODUCTION

Many processing fuctors affect the canned Mish quality as mentioned by Anonimous (1984),
Codex Alimentarius Commision (1976) and Warne (1988). Those factors are such as fish brining,
pre-cooking, vacuum head space and sterilization. Meanwhile, spices used in the medium preparation
also influence the product acceptability.

Thisexperinent was nimed atscrecuning the important factorsdetermining the product quality.
Factorial experiments give a large sanple, il all those above ficlors or variables are studied. It is
usually possible to climinute some of thase f:lclprs by llDlI-?l:l[iSIlC:ll screening method, but the
problem may <till be (oo large factors Lo solve using com'cn_mm:al ﬁ_lclminl experiment. Statistical
design called Placket and Burnuinn is noted as the ||!ast efficient design for screening large number
of factors. Placket and Burman design make it possible to screen N-1 variables in N experiment.

") Senior Lecturer af the Foud Technology Departint, Maskey University, New Zealand
**) Researcher al e Crown Research bnstitute, Paliverston Noith, New Zealand
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y MATERIALS AND METIIODE
2.1. DMaterials

Fish oil (manly hoki) was supplied Scalord Product Lid., Nelson, New Zealand. The oil
was refined using macroporous strong acid cation resin. Pilchards (New Zealand sardine) used for
raw material were obtained from Star Fish Supply Lid, Napicr, New Zealand. The fish size was
17.5 £ 0. 5 cmin lenght, 1.8 0.1 cm in thick and 4.2 £0.4.9 g in weight,

2.2.  Mecthods
2.2.1. Canncd Fish Processing

The fish, received in frozen condition were thawed in running water. Head, fail and visceral
parts were removed and then washed using clean water. Inthisstudy, some fish were treated by brining
in 15% salt solution after washing. Four washed fish were packed in cans 8,2 cm in height and 5.1
cm in diameler. The fish were pre-cooked using steam at 989 C for 20 minuies, and relased waler
discarded, Tomato sauce was added to each, Ieaving headspace at the top around 5-7.5 mm. The cans
were then sealed . Before sealing, hot sicam was passed over the surface of the can for approximately
2 seconds to provide vacuum headspace in thecan. Finally, thecanned fish were sicrilized in the retort
at 121.19 C for specilied time,

The tomato sauce prepared by mixing of 18.78% tomato paste, 28.17% fish oil, 46,95%, water,
3.00% salt and 3.10% sugar. '
2.2.2. Expcrimental

Plackelt and Burman experimental design was used for screening the imporntant factors in the
canned fish processing. Eight variables screcned anid the upper and lower limits for these variables
were shown in Table ¢, The full design matrix for the variables was shown in Table 2.

Table 1. Variables and limits for Plackett and Burman design of canned hish

Variables Upper limil Lower limit

A. Process variables

Sterilization time (inin.) 60 _ 15
Steam treatment during sealing (scc.) 2 0
Brining time in 15% sall solution (min) 10 0
Pre-cooking time (min) 20 0
B. Seasoning variables X

Garlic addition (%) 2 0
Shallot addition (“) 2 0
Vinegar addition (%) 1.2 0
44
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Table 2. Design matrix for screening important fictors in fish cinning

Variables
Treatments
ST Svs BT PC GA SA VA D D D D
1 + + - + + ¥ - - - + -
2 i - + + + L - + - +
3 - + + I - - a k - + +
4 F + + - - \ = + + -
S + + - - ! - + k - +
6 + - - . 4 - + + s + +
7 - < - } - i k - + + +
8 - - + & + + b + + 3
9 . + = + + - + + + - -
10 + = + + + + + - - -
11 - + + - i + - - = +
12 - - - - - - - = = =
Nole: ST = sterilization time GA = garlic addition
SVS = steam vacinun scaling SA = Shallot addition
BT = brining time VA = wvincgar addition
PC = pre-cooking D = dummy

The t-values indicating signilicance levels were calculated using the Placket and Burman
Program (Van Til. 1991).

2.2.3 Analyscs

The products were analysed chemically, physically and organoleptically. The chemical
analyses performed were pH, moisturc (AOAC, 1984), plotein (Kjeldahl method using a Kjeltec 1062
System Distilatting Unit), salt content (AOAC, 1984) and peroxide value (Pearson, 1973). Hunter-
L. -a and -b values of fish meat colour were determined using a HunterLab colourquest Spectropho-
tometer model CQI200k with version 2.33 sofiware and calibrated with a white tile standard.
Organoleptic evaluation was carried out for b?lll the fish and tomato sance medium by 10 1rained
panellists. The ideal ratio scoring method, which is basically a line-scale of descriptive testing. was
cmployed during sensory evaluation and the score sheet used is shown in Appendix 1.

3. RESULTS AND DICUSSION

3.1. General Performance of The Products

Tabled shows the chemical analysis results for both fish Aesh and tonito shuce. The moisture
(MC), protein, fal and salt content of fishwere in the rmpe of 66.03-68 13%, 23.33-24.19%. 2.63-
4.27% and 1.31-2.33% respecttively. The pl lof fish leshand wimato sauce varied from 5,96 and 5.72
106.13 and 6.01 respectively. The peroxidevilue (PV) of fish lleshand tomato siuce were in the range
of 23-433 meg/kg and 10-32 meq/kg respectively,
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gcannea with CamScanner



Hari Eko lrianto, Cannien C. Feenandez dan G.J. Shaw

Table 3, Result of chemical analysis of fish and tomato sauce

Fish Flesh Tomato sauce
Trealments

MC Prolcin Fal Salt PV P.V.
(") (%) (%) (") (meqy/kg) pll (nic/kg) pH
1 066,17 21.52 169 1.51 171 596 11} 5.72
2 66.05 21,54 190 1,98 272 6.0 15 5.90
3 66,16 23 08 4.27 2.07 563 6.04 16 5.86
4 66.71 23.51 105 206 258 6.00 15 5.89
5 0H7.68 24.19 4.01 131 23 6.05 16 6.0l
G 67.86 23.33 3.67 140 163 597 14 590
7 66.66 23.75 4.17 1.56 4U8 604 16 581
8 68.03 23.42 3.73 1.94 RI8 6.12 32 601
9 67.96 23.73 2.89 146 246 G604 10 594
10 66,99 21.33 407 206 240 5.99 10 5.82
11 6GR.01 23.36 263 2.33 371 613 21 600
12 6813 23.17 137 134 413 .11 27 399

Table 4 shows physical colour changes in fish flesh. The results showed that Hunter-L. -3 and
-b values of fish were in the range of 44.72 - 51.92, 119 - 3.56 and 12.69 - 14.31 respectively.

Table 4. Results of colour analysis of fish flesh

Treatments L-value a-value b-value
1 47.72 3.5 14.81
2 46.72 317 14.70
3 49.69 1,73 14.07
4 46.13 3.42 14.82
5 44.72 3.56 13.74
6 44,92 2.88 13.34
7 51.92 LG9 14.58
8 49.52 2.00 14.87
9 49 34 119 13.29
10 46,84 322 14.59
1 49.39 1.38 13.29
I2 50.64 1.76 14.44
46
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The sensory evaluation resulls for fish and fomato sance are shown in Tables 5 and 6
respectively. The scores of all sensory parimeters varied. depending on the treatmcnt.

Table 5. Results of sensory evaluation for fish

Treatments Appearince  Texture  Hone sollness Saltiness Spiciness  Soumess Fishiness
1 1.35 127 0,78 0.81 0.70 1.14 1.3
2 143 1.01 0.87 1.15 097 119 1.12
3 2062 1.26 0.49 148 94 1.39 164
4 1.96 1.28 0.65 1.49 0.96 1.29 1.57
3 308 1.00 0.68 1.34 0.94 1 08 142
6 208 () 88 0.90 1.33 0 R4 1.27 1.28
7 1.78 1.17 052 1.05 0.83 103 1.66
8 2.87 103 0.42 1.30 1.06 0,97 1.63
9 258 1.27 0.42 111 098 103 1.23

10 2.28 114 081 1.14 0.91 0.93 1.22
11 1.86 0.99 (.40 1.20 0.98 1.13 140
12 1.45 1.21 0,31 1.08 0.81 0.85 1.77

Table 6. Resulls of sensory evaluation for tomato sauce and overall accepiability for canned fish

) Tomato sauce Overal
Treatments acceptability
Colour Mouthfeel Sallines  Spiciness  Sourness  Fishiness  of the product

| 0.96 1.35 1.01 0.90 .14 1.42 0.54
2 0.90 1.43 113 L1 110 142 0.58
3 0.80 1.43 1S 1.01 114 134 0.45
4 1.01 1.41 1.45 0.95 0.99 128 0.60
5 0.80 117 1.22 086 0.94 148 0.58
6 0.89 1.40 1.13 0.93 1.21 1.34 0.54
7 0.71 1.64 0.99 1.04 111 115 0.54
8 0.73 1.20 1.44 116 117 1.33 0.47
9 0.83 1.42 0.99 I 1.03 119 0.54
10 0.70 1.05 116 1.06 1.02 1.29 0.70
1 0.97 1.33 1.2) 1.02 1.24 114 0.60
12 0.83 111 0.91 0.93 110 1.17 0.53
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3.2.  Study On The Effcets Of Process Variables

Table 7 shows statistical analysis of 1he elects of cach variable on the chemical, physical and
organoleptic parameters of fish and tonwo sauce.

3.2.1. Moisture Content

Brining treatment showed a decreased effect on moisture content and an increased effect on
salt content of fish. The increment of salt content and the reduction of moisture content of fish are
the common phenomenon in salting as reviewed by Burgess i al., (1965), Voskresensky (1965) and
Van Kliveren and Legendre (1965). The salt penetrates inta the fish flesh because of the osmotic
pressure differences between water phase within the fish flesh and the salt solution surrounding the
fish, consequently walter is released from the fish, The increase of salt contenl was also affecied by
vinegar addition in the tomato sauce, Vinegar, which is basically a dilute acetic acid solution, may
have accelerated penetration of salt from the tomato sauce into the fish fesh. Meanwhile, acid can
induce denaturation of protein, Thus, acid and sterilization treatments could show a synergetic cfect
on denaturation of protein which allows the sall to easily lo penetrate into the fish flesh.

3.2.2. Peroxide Value

Peroxide value of lish and lomato sance decreased due 1o the efTect of sterilization and vacuum
headspace (reatments in the can. Some theories have been developed to explain hydroperoxides
behavior in the heating treatment of uts. The formation and destruction of hydreperoxides are
extremely rapid at high temperature (Nawar, 1985), since hydroperosides are readily decomposed
thermally (Hiattand [nwvin, 1968). Hydroperoxides also undergoa varicty of scissionand dismutation
reactions to form a wide spectrum of carbonyl compounds, hydroxy compounds, short chain fatty
acids, dimers and polymers (Dugan, 1968; Smouse, 1978), These processes may have induced the
reduction of hydroperoxide value individually or collectively during sterilization. Vacuum headspace
inthe can provided a much lower oxygen content compared to non-vacnum headspace. This condition
could limit the production rate of hydroperoxides during sterilization.

Peroxide value of the fish increased by brining treatment. Salt normally contains not only
sodium, but impurities suchas copper. calcinmsalts, magnesinm salts, sulphates and organic matters
(Rawson, 1966; Tressler and Lemon, !f)(,n;'Burgcss.er q), 1965). Salt and copper have been kuown
as pro-oxidants which act as catalist ngents in the oxidation process (Stuckey, 1972; Pokorny, 1987;
Buck. 1991). These pro-oxidants may have cihanced the production of hydroperoxides in the fish

treated withy brine,

Pre-cooking of fish decreased the peroxide vitlue of the tomato sauce. This study showed that
the peroxide value of fish was significantly higher than the value ofllfc tomatosauce, The pre-cooking
treatment could reduce the oil which might be released by the fish into the tomato sauce during the
sterilization. Thus the total peroxide value i (0mato sauce wis lower than the viilue in tomato sauce
obinined from the canned fish withoul pre-cooking. The possibility of oil release during sterilization
could also be used 1o explain the increase of peroxide value in the tomato sauce due brining. The
peroxide value of tomalo sauce also decreased duelo vinegar :lddmm'u. Theaceticacid invinegar might
have the capability to act as a chelating agent l'or_ removing pl:ﬁ—OXId:llllS from the sauce. This could
reduce the oxidation rate in the fomalo sauce with vinegar, in comparison with the sauce without

vinegar.
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Table 7. The main effects and significance levels of process variableson the characteristicof canned

fish
Sample  Response Variables ST Vs BT PCT GA SA VA
Moisture content -1.21 -0.0) -1.71a -264b 134 0.81 0.47
Protein content 0.66 0.61 -1.27 -0.11 -0.19 0.91 -0.01
Fat content 1.49 -0.86 0.51 0.95 209 0.1 -0.95
Salt contemt -1.06 1.25  104lc 0.70 0.58 1.07 1.90a
Peroxide value -38lc 1670 208 016 005 039 1.06
pH “16Be 0,19 112 2816 -0.00 1.12 -1.12
Hunter value -
FISH L -S56lc 085 023 1.65a 056 061 -0.11
a 14700 013 045 .69 -1.80a 1.80a -2.89b
b 081 120 107 033 -099 072 -129
Sensory ¢
appearance .32 0.52 0,23 -0.42 -0.33 0.36 -0.09
texture -0.70 1.27 018 1.47 -1.23 -0.62 -0.10
bone sollness 7.23 -1.39 0.10 1.80a i.12 0.10 0.51
salliness 0.38 0.28 1.96a -1.26 076 -1.58a -0.06
spiciness .75 0.21 1.92a -0.69 0.37 0.21 0.21
S0uUrmess (.80 1.3l 0.80 0.19 026V -1.18 0.10
fishiness -2.21b 082 .42 -1 18 -2.0la  -054 -1.66a
peroxide value -6.97¢ 434c  2.39h -7.66c 047 1.43 4.63c
pH 124 003 037 2506 030 037 043
Sensory :
TOMATO colour 1.19 I R6a 0.27 -1.01 1.31 -1.19 0.27
SAUCE mouth feel -0.42 037 -0.32 0.92 0.42 061 0.74
saltiness 0.87 U.57 2.73b -1.97a  0.06 0.57 0.15
spiciness -2.01a -1.67a 2.38b 1.67a 1.67a 0.00 0.62
SOUMmess =112 0.66 0.37 -0.32 1.70a 014 0.03
fishiness 3.72b 0.61 .20 0.29 0.53 029 -3.15b
CANNED Overal accepltability 1.96a -0.24 0.62 014  -062 0.9] 1.77a
FISH '
Note : ST = Sterilization time a U - test significance level at 90%
SVS = Steam vacuum scaling b U - test significance level at 95%
BT Brining time € = I-lestsignificance level at 99%
PCT = Pre-cooking lime
GA = Garlic addition
SA = Shallot addition
VA = Vinegar addition
49

Scanned with CamScanner



Hari Eko Irianto, Cannen C. Fernandez dan G.J. Shaw

3.2.3. pll

Both sterilization and pre-cooking showed a decreasing cffect on the pii of fish, while the
decreased pH value of the tomato sance was significantly influenced by pre-cooking. In the canning
experimentusing cat fish, ocean perchand pollack, Paredes and Baker (1987) showed that these fishes
exhibited different pH changes as the results of sterilization where pH ofboth ocean perch and pollack
increased, while the pH of cat fish decreased.

3.2.4. Colour

The Hunter-L value was decreased by sterilization which may induce a darker fish colour. The
higher Hunter-L value exhibited a lighter colour, Investigations by other rescarchers noted that when
fish is heated from one direction, three distinct changes of opacity canbe discerned. Aninitial increase
in translucence is followed by lwo successive increases in opacity. The second increase in translucence
is followed by two successive increases in opacily. The sccond increase in opacily is due to
precipitation of thermally denaturated sarcoplasmic proteins, which appears (@ begin about 450C
(Aitken and Conncll, 1979). Sterilization lime and shallot addition revealed an increasing elfect on
Hunter-a value ata significance level of 90% for each. This indicated that the longer sterilization lime
tended to give areddish colour to the fish. Theincrease in intensity of redness might be due to oxidation
of iron pigments [rom ferrous to ferric derivates (English et af., 1988). However garlic and vinegar
additions showed a decreasing effect on the Hunter-a value at significance level of 90% and 95%
respectively. Hunter-b value was nol afTected by any faclor

3.2.5. Sensory Evaluation

Panellists revealed that sterilization and pre-cooking significantly increased the bone soflness
of fish solubilization of organic maticr of bone causes soflening of fish bone due v heating process
(Soesetiadi, 1977; Ishikawa et al., 1987). Pre-cooking may have resulled in preliminary organic
matter solubilization, further solubilization occured during sterilization. Acctic acid proved lo
accelerate the solubilization rate of organicmatter from the fish bone (Ishikawa eral., 1989). However,
the panellists did not detect the efTect of vinegar addition on fish bone soliness in this study.

Brining lreatmenton fishsignificamly increased the saltiness ofbotls the fish and tomato sauce.
Shallot addition decreased the saltiness in fish. This might be because flavour compounds of shallot
showed a stronger performance than flavour compounds of salt. Pre-cooking decreased the saltiness
of the tomato sauce, This might be influenced by dilution effect due to moisture and oil feleased into

medium during sterilization process.

e spicy propertics ol both fishand tomato sauee, but sterilization time and
he spiciness propertiesof tomalo sauce. Sterilization may have induced
decomposition of the spicy Mavour conpounds inlu‘sm:tllcr compounds, which could be volatile by
leat sterilization, at the same time ihermal degradation of fish components induce Navour formation
givinga lessspicy tasielo the lomalo sance. l’rc-cnukiug Il'c‘altlif.'lll of fisli could improve the spiciness
of the tomato sauce, One of the purposes of pre-cooking is to develop desirable Mavour properties
(Codex Alimentarius Commission, 1976, \‘V:u'nc. 1988). By removal of undesirable Mavour, such as
fishy Mavour during pre-cooking, the exisience ol a spicy {}:wuur would be significant. Garlic
significantly increased the spicinessof (he tomato sauce. T!m principal chemical compounds of garlic
fMavouring constiluents are diallyl disulphide, allicin, alliin and ajoen (Kritchevsky, 1991). Garlic

could also increase the sourness of the tomato sance.

Brining improved
vacuum headspace decreased (
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The fishiness of the fish was decreased as (he result of sterilization, but the fishiness of the
tomato sauce increased during this treatment. During sterilization, the fishy Davour compounds of
the fish might be released into the tomalo sance causing an increise in fishiness. Garlic and vinegar
additions decreased the fishiness of the fish, while the fishiness of the tomato sauce significantly
decreased due to the effect of vinegar addition. This result indicated that garlicand vincgar have the
capability to neutralize the fishy Navour in canncd fish with disguised fish oil.

Sterilization time and vinegar addition in tomato sance significantly increased the overall
acceplability of the canned fish product. The above resubts show that sterilization had a significant
clfect on the bone sofiness of the fish. Thus, sterilization was necessary 1o the optimization
experiment. Vinegar addition had » significant elfect on the reduction ol the fishiness of the fish. The
vinegar addition in tomate sauce had to be retained in further experiments, Brining treatment was
removed from the fish canming process, since this treatiment was removed from the fish canning
process, since this treatment increased peroxide vilue of the Ash and saltiness in the 1om:ato sauce.
Pre-cooking of fish and vacuum headspace in the can as well as garlic and shallot addition in the
tomatosauce areretained in the canning process, because they showed desirable effect on acceptability
of the canned fish product.

4, CONCLUSIONS

ThePlackettand Burman design proved 1o be very effective in identifying theimportant factors
in the processing of canned fish with disguised fish oil, Pre-cooking. vacunm headspace, sterilization
time, garlic, shallot and vinegar additions were considered as important factors, However, steriliza-
tion time and saltiness of the tomalo sauce needed optimization.
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