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QUALITY INDICES OF FARMED BOLTI FISH AS AFFECTED
BY MODIFIED ATMOSPHERE PACKAGING

[46]

Nessrien!, M. Yasin; LM. Hassan'; A.A. Abou-Arab’ and MLF. Khallaf*

ABSTRACT

The effects of medified atmosphere packaging (MAP) on the quality character-
istics of Egyptian farmed bolti fish samples (Oreochromis niloticus) throughout
storage at 2 ° C* 2 were studied. Extending of investigated sample’s shelf — life as
affected by suggested (MAP) treatments was also considered. DARTEK F-101
forming nylon film was used for packaging fish samples under 50 % CO, + 50 % air
(CA), 50 % COx+50 % N, (CN) and 50 % CO.+25 % No+25 % O, (CNO). Proxi-
mate chemical composition, physical, microbial and chemical quality indices as well
as sensory evaluation showed that, (CN) and (CNO) treatments had the longer shelf
~lives (35 and 33 days, resp.) compared with CA one (31 days) and control sample
(16 days). Strong correlation was observed between sensory attributes and TVB-N
as well as putrescine and cadaverine. So, such parameters could be used as quality
indices for refrigerated bolti fish either packaged under modified atmosphere or not.

Key words: Bolti fish, Refrigeration, Modified atmosphere packaging, TVB-N
(Total Volatil Basic Nitrogen), Biogenic amines, Sensory evaluation,

TBA (Thiobarbituric acid)

INTRODUCTION

Fresh fishes are highly perishable and
susceptible to spoilage. Iced or refriger-
ated fishery products had a short shelf-
life (5-10 days) depending on species,
harvest location, handling, etc... Onlya
small percentage of fishery products are
freshly marketed at retail level. Re-
searches on the extending shelf- life of
fresh fish by refrigeration, freezing, irra-
diation, irradiation + refrigeration were
carried out by many investigators (Al
Kahtani & o 1996 and Yasin 1997).

These methods caused some changes in
the quality characteristics of fish during
storage. Nowadays, researches ar¢ being
directed toward the use of modified at-
mosphere packaging (MAP) along with
refrigeration to increase the shelf - life of
fresh fishery products because of con-
sumer demand and to facilitate marketing
capabilities (Reddy et al 1992 and Rod-
riguez «f al 2001). The use of low tem-
perature  storage that combined with
(MAP) using various levels of CO» ex-
tends the shelf - life of fresh fishery
products by reducing growth of spoilage
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bacteria. In case of packaged products, in
which physical or chemical deterioration
is related to its equilibrium moisture
content, the barrier propenties of the
packages relating to water vapor will be
of major importance in maintaining or
extending the shelf- life. Similarly, the
change in oxygen concentration in a per-
meable package will directly affect the
oxidation rate of oxygen- sensitive nutri-
ents such as vitamins, unsaturated fatty
acids and proteins.

Thus, the aim of this investigation
was carried out 1o shed light on the ef-
fects of different modified atmospheres
packaging (MAP) on the quality charac-
teristics of farmed bolti fish during cold
storage as well as extending their shelf —
lives.

MATERIAL AND METHODS
1. Fish samples

A batch (50 kg) of farmed Nile bolti
fish samples (Oreochromis niloticus)
were  freshly obtained from El — Manzala
fish farm, Dakahlia governorate, Egypt.
The average weight of any given storcd
samples was about 170 g Washing, evis-
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ceration, scaling, rewashing and draining
treatments were thoroughly apphed.

2. Packaging materials

High-density polyethylene (HDPE)
sheets were purchased from Egyptian
local market. DARTEK F-101 forming
nylon film produced by DuPont Canada
Inc. (Packaging, 201 South Blair St.,
Whitly, Ontario LIN 556) was obtained
from Arabic Company for Drmug Pack-
ages, Cairo, Egypt. Both of HDPE and
forming nylon shects were analyzed using
GC-6000 Vega Series 2, available at
Food Industries Development Center,
Kaha, Kaluobia Governorate to delermine
water vapor lransmission, oXygen perme-
ability, elongation and tensile strength
properties (Table 1).

3. Modified packaging treatments

Bolti fish samples were packed in
DARTEK F-101 nylon bags. The fol-
lowing modification treatments of pack-
aging atmosphere were applied using Gas
Injection and Soap Flow Meter technique
(Audionvas VM 301G) available at Agri-
cultural Research Center, Giza, Egypt.

Table 1. Properties of the investigated packaging materials

Packaging Waier vapor Oxygen permeability ~ Elongation Tensile
materials  Transmission (cc/m®/24h) (%) strength
(g/m’ /24 h.) (ke/cm’)
HDPE 3.55 4230 711 MD 194 MD
312TD 163.8 TD
DARTEK 2.95 543 300 MD 663 MD
300 TD 663 TD

MD: Mechanical direction.

TD: transfer direction
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i- Untreated sample as
control (<)

2- Packaged in 50% CO, + 50% air (CA)

3- Packaged in 50% CO,+ 50% N, (CN)

4. Packaged in 50% CO, + 25% N; +
25% O, (CNO)

packaged

All treatments were refrigerated and
analyzed during storageat2°Cx2upto
their organoleptic rejection.

4, Analytical metheds

The remaining flesh after removing
heads, tails and backbones was minced
twice and subjected to chemical and
physical analysis. Five replicates were
taken (each replicate consists of two units
of fish).

4.1, Chemical analysis

Moisture, protein (N x 6.25) and ash
contents were carried out according to the
A.0.A.C. (1990). The method of Bligh
and Dyer (1959) was applied to deter-
mine the total lipid content.  Thicbarbitu-
ric' acid test (TBA) was colorimetrically
measured (at 538 nm.) according to Har-
old et al (1987). Total Volatile Basic-
Nitrogen (TVB-N) was aiso calculated
using the method described by Harold et
al (1987). Six biogenic amines were ex-
tracted and determined by the method of
Mietz and Karmas (1978),

4.2, Physical methods

pH value was measured using the
method of Pearson et af (1976). Water
holding capacity (WHC) and plasticity
were determined according to Grau and
Hamm (1957) method as modified by
Voloviskaya and Kelmen (1962),

4.3. Microbial analysis

Total aerobic count was carried out
after incubation at 37°C / 48 h (Hayes
1992). Meanwhile, the method of Free-
man (1981) was applicd to determine the
total anacrobic count. Pseudomonas count
was identified after incubation at 25 °C/ 3
days (Randell et af 1995). All microbial
counts are given as CFU/g.

4.4, Organoleptic evaluation

Treated samples were organolepti-
cally evaluated by 15 panelists to evalu-
ate appearance, color of pgills, eyes lus-
trous, odor, texture and overall accept-
ability. A 9- point hedonic scale was used
(Jhaveri ef al 1982).

5. Statistical analysis

The Statistical Analysis System (SAS,
1996) was used to carry out an overall
analysis of variance {ANOVA), LSD
(0.01) test, Duncan's multiple range test
and correlation coefficients .

RESULTS AND DISCUSSION

To study the effect of (MAP) on the
quality of cold stored Nile bolti fish, the
present work was classified into five
items as follow:

1. Proximate chemical composition

As a general, moisture, protein and
ash contents were significantly (P<0.01)
lowered during subsequent cold storage.
The lipid content was significantly
(P<0.01) enhanced under the same con-
ditions of different investigated stored
treatments (Table 2). After 16 days

Annals Agric, Sci., 47(2), 2002
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Table 2. Proximate chemical composition (on dry basis) of differently treated Nile bolti fish samples stored at 2 C + 2

Treatments* Storage time (days)
&
i Zero 4 8 16 24 31 33 35

Constituents

C: )

Moisture % 77.40£0.13  75.60+£0.16 74.58+0.15 73.50+0.14 s
Aa B Cc Ded

Protein % 84.40+0.05 81.37:0.04 76.82+0.11 73.57£0.21 e
Ab B Cd De

Fat % 10.70+0.0  14.2520.15 19.00+0.01 22.8540.03 s et e e -
Da C Ba Aa

Ash % 493002 443002 4.18+0.04 3604001 seemmmeeem e e e -
Aa B Cb Db

CA:

Moisture%  77.6020.06  —vcemmeeeee 76502017 7455:009  73.80+0.12 72142017 -——o- —
A Lu Ch Du L)

Prolein %  84.89£0.03 ——mememeee 77.98+0.14 75.8440.08  74.12+0.10  73.20£0.09 -—--- —
Aa Be Cc De E

Fat % 10192003 e 17.7540.01 20.5120.02  22.80x0.00  24.594003 - ——nen
Eb Db Cc Ba A

Ash % 5024002  -ememeeees 4.31x0.03 3.66+0.03 3.03+0.02 2.18£002 e ————-
Aa Ba Cb Db E

9tL
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Table 2. Cont.

Treatments* Storage time (days)
&
Zero 4 8 16 24 31 33 35
Constituents
CN:
‘ Moisture% 77554031  wmmmee——- 75.96+0.08 75184009 74232014 eeemmeeee e 71.16£0.3
. Aa Bb Ca Da Ed
‘ Protein % 84.95+001 —---eem-e 81632021 79284+0.14 77262008  cormimeen e 74.3740.2
| é Aa Ba Ca Da E
‘ = Fat % 10.1640.01  ——mmeme 14.13£0.01 16.93£0.02  19.5320.02 - S 233004
| o Eb Dd Ce Be A
‘ ué Ash % 4.95£0.02  ———eemee— 4272002 3.7840.02 3.1740.02 emimmes mmennn 2.40+0.00
w Aa Ba Ca Da E
| £ JCNO:
| = Moisture% T1.46£0.27  amemeammmem 76.1920.16 74.77£007 73403011 cemeeemeeee T2.3420.15 0 ceeeee-
@ Aa Bab Cb Db Ed®
".5) Protein % $4.94+0.02  ---umomemmn 80.71+0.15 78.17£0.16 75414018  comimemnns 7319009 —omee-
S Aa Bb Ch Db E
Fat % 10.1920.03 - 14.4320.04 1820000  21.683003  —emmeeeee 24052002 cmeee-
Eb De Cd Bb A
Ash % 499004 - 4272001 3.56+0,01 2.88+0.04 e 2132002 e
Aa Ba Cb De E

* See Materials and Methods
Means + Standard error

@: At these points samples were organoleptically rejected
Means with the same capital letters in the same line are not significantly different (P>0.01)

Means with the same small letters in the same column for the same attribute are not significantly different (P>0.01)

saotpui Auyenb ysiy njog pauwre
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storage (control rejected), moisture loss
percentage was 5.0, 3.9,3.05and 3.4 %
for C, CA, CN and CNO treatments, resp.
The corresponding loss percentage of
protein content was 12.8, 10.66, 6.6 and
7.97%. Such loss-of moisture during cold
storage was duec to the reduction of
moisture- binding capacity, while, the
protein content decrease may be due to
drip loss (Reddy et al 1994). On the other
hand, the presence of CO; ¢ould be con-
sidered as a good explanation for mini-
mizing moisture and protein losses during
cold storage (especially in CN treatment)
because of its effect in reducing drip loss.
(Hong et al 1996).

The lipid content that around 10 % at
zero tme storage  was significantly
(P<0.01) increased on dry weight basis
up to the end of various storage periods
(Table 2) which may be due to the pro-
gressive loss in soluble proteins as well as
moisture and ash contents. All investi-
gated samples had about 5% ash at zero
time then decrcased  significantly
(P<0.01) during cold storage due to the
leaching out of soluble nitrogenous com-
pounds, water soluble vitamins and water
soluble munerals, etc.... in the resultant
drip (Yasin 1997)

Statistical analysis proved that no sig-
nificant differences (P>0.01) between
(CA), (CN) and (CNO) were detected in
moisture content contrary to those of
protein and lipid contents which signifi-
cantly (P<0.01) differed among all tested
treatments (Table 3).

2. Physical properties

The normal curve of pH values (cor-
rection shape) could be easily noticed in

stored control sample (Tabie 4). A slight
significant {P<0.01) decrease in pH value
of control samples after 4 days of storage
may be attributed to the relationship be-
tween post mortem stage of fish and the
formation of lactic acid by soluble muscle
enzymes (Bilinski and Jonas 1975). On
the other hand, the continuos significant
(P<0.01) increase of pH values during
subsequent cold storage may be attributed
to the production of volatile basic com-
pounds (Stammen et af 1990). Both (CA)
and (CN) treatments almost showed the
same values up to 24 days (Fig. 1), then
slightly reduced at the end of their storage
periods due to the dissotution of CG; into
the fish muscles (Reddy et af 1995) and /
or to the growth of lactic acid bacte-
ria, especially under anaerobic condi-
tions.

A significant (P<0.01) progressive
decrease in WHC wvalues during subse-
quent cold storage in all treatments was
observed (Table 4 and Fig. 2). This is
possibly due to protein denaturation and /
or aggregation {(Gelman et al 1990).
However, a relative slight decrease that
noticed in WHC values of (CNQ) sam-
ples may be related to the corresponding
slight increase in pH value from zero up
to 16 days (Hong et af 1996). A pro-
portional relationship between the WHC
and cold storage was also noticed (Table
4).

On the other hand, (CN) sample
showed a higher plasticity value when
compared with other treatments (Table
5), which may be due to the effect of
modified atmosphere in  retarding the
formation of lipid oxidation products that
able to denmature proteins and conse-
quently reduce tenderness (Gelman et al
1990 and Randell ef af 1995).

Annals Agric. Sci. 47(2), 2002
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Table 3. Effect of different treatments on the chemical composition (on dry basis) of
Nile bolti fish stored at 2 °C + 2/16 days

Responded values
Treatments* ]

Moisture % Protein % Fat % Ash %
C 75.16 B 7827 D 1752 A 424 B
CA 76.22 A 79.56 C 16.15 B 433 A
CN 76.23 A 8195 A 1374 D 434 A
CNO 76.14 A 8127 B 1427 C 429 B
LSD 0.26 0.19 0.05 0.06

* See materials and methods
Means with the same letter in the same column are not significantly different (P>0.01).

0 8 16 24

Storage time(da

Fig 1. pH values of differently treated Nile bolti fish samples stored at 2 ° C £2.

Annals Agric. Sci., 47(2), 2002
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Table 4. Physical properties of differently treated Nile bolti fish samples stored at 2 ° C £ 2.

Treatments* Storage time{days)
& Physical Zero 4 8 16 24 31 33 35
Aspects
C
pH 6.49x0.01 6.04+0.01 6.5340.01 6.83£0.02
Cb D Be Abd
WHC™* 9.47+0.33 11.28+0.35 12.45+0.3 13.26+0.38
Cb B Ab Adc
Plasticity**  2.77=0.09 3.44+0.06 2.77+0.09 2.32£0.08
Ba A Rcb Ccb
CA
pH 6.36+0,01 —————————e 6.494+0.01 6.3840.04 6.30+0.01 6.06+0.03
BCd Ad Bd Cc D
WHC** 9.47+0.32 e 10.35+0.18 14.0840.25 16.4440.36 14.2940.21
Db Ce Bhe Aa B
Plasticity* 2.77+0.09 e ————— 2.59+0.11 2.50£0.16 2.10+0.05 2.06+£0.09
Aa Ac Aadb Bb A
CN
pH 6.48+0.00  —reee—ee - 6.53+0.00 6.654+0.02 6.47+0.02 6.12+0.0
Che Be Ac Cb Do
WHC** 8.61+0.31 S 12.05£0.24 14512034 15742026 14.040.2
Db Cb Bb Aa B
Plasticity**  2.77+0.03 B 3.1640.12 2.77+0.09 2.4440.03 2.07+0.1
Ba Aa Ba Ca D

0gL
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Table 4. Cont.

Treatments* _ Storage time{days)
& Physical Zero 4 8 16 24 31 33 35
Aspects
CNO
pH 6.51£0.02 R 6.62+0.00 6.68+0.02 6.79£0.01 ety 14 22V K S -
Ea Db Cc Ba AD
WHC** 8.44+0,34 B 10.35¢0.18 12.85+0.25 14.81+0.19 T I 38 = § IS
Bd
Db Ce Ab B
Plasticity**  2.77#0.09  -coeeeeee- 3.06x0.12 2.49:0.09 2.17:0.07 m—meremmm e 2.1x0.8 —mmmranan
Bab
Ba Aab Cb C

* See Materials and Methods
*+* Calculated as cm’/0.3 g
Means + Standard error

@: At thesc points samples were organoleptically rejected.
Mcans with the same capital lewers in the same line arc not significantly different (p>0.01)
Means with the same small letters in the same column for the same attribute are not significantly different (p>0.01)
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WHC values as(em2/0.3g)

0 8
Storage time(days)

Fig 2. Mean values of WHC (as cm?0.3 g) of differently treated Nile bolti fish stored at

2°Cx2

Table 5. Effect of different treatments on
physical properties of Nile

bolti fish stored at 2°+2.

Treat- Responded values

ments* pH WHC Plasticity
C 6.60A  11.73A 2628
CA 641C 11304 262B
CN 6.55B 11.73A 250A
CNO 660A 10.55B  2.78AB
LSD 0.03 0.47 0.16
* See Materials and Methods

Means with the same letter in the same colimn
are not significantly different (P>0.01).

3. Microbiological properties

The general incremental trend in total
platc count T.P.C. that was casily de-
tected during cold storage of various in-
vestigated samples (Tables 6 and 7) is

mainly due to the growth of psychrophilic
bacteria However, bacterial counts of
(CA), (CN) and (CNO) treatments that
increased with slower rate could be at-
tributed to cither the bacteriostatic effect
of CO. or the presence of low levels of
0..This pattern was generally agreed with
the opinion of Dalgaard er al (1993).
During cold storage, the growth of
total anacrobes in samples packaged ei-
ther in 100% air or modified atmosphere
was slightly different, a trend that may be
due to the presence of CO, in modified
atmosphere (Reddy ef 4l 1995). How-
ever, (MAP) samples had a lower growth
of pseudomonas level up to 16 days of
cold storage (Table 6 and 7). From these
Tables it could be concluded that, there
was significant (P<0.01) difference be-
tween control sample and other modified
atmosphere packaged samples in total
platc count (T.P.C)), anaercbic plate
court (An.P.C)) and pseudomonase count
(P.C.). On the other side, no significant
effect (P>0.01) was observed between

Annals Agric. Sci. 47(2), 2002
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Table 6. Total plate count (T.P.C.), total anaerobic plate count (An.P.C.), and Psendomonas count (P.C.) of Nile bolti fish
packaged in different modified atmosphere during storageat2°C+2 .

Storage time (days)

Treatments*
Zero 4 8 16 24 31 33 35

C:

T.PC. 13.3x10° 38x10° 2700x10° 213000x10°
+3.30x10° +4.6X10* +880x10° + 880 x10°
Ca C Ba Aad

An.P.C, 2.00x10° 19%1¢° 51 x10* 390000 x10°  eereeceees cmeeeees e s
10.3x10° 12X10* 12 %10° +3100 x10°
Be B Bb Aad

P.C. 3.80x10° 17 X10° 390 x10° 560000 X10° e e s e
+0.1x10* £1.7X10° 203 x10° +3300x10°
Bb B Bb Aa®

CA:

T.R.C. 5.60x10° 410 x10° 2000 x10° 7500 x10° 8000 x10°  ceeeeen
£2.1x10* +14 x10° £0.00 +1400x10° £1100x10°
Bb Bb Bc Aa AQD .

AnP.C. 3.70010° 1o x10* 3000 x10° 8000 x10° 8300 x10°  ~ceeeeee
+0,9x10° +20 x10° +570 x10° +0.00 +1200x10°
o) Cab Bb Aa AD

P.C. T 1 %3 1+ — 47 x10° 4000 x10° 13000 x10° 15000 x10°  —ceeeeeme
+0.1x10° +12 x10° +0.1x10° +2500 x10° +2800x10°
Bab Be Be Aa Ad

saoput Arenb ysy njog paurey
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Table 6. Cont.

Storage time (days)
Treatments*
Zero 4 8 16 24 31 33 35
CN:
{ TPC. 371713 11— 10 x10° 8700 x10* 4500 x10° 13000000

+2.8x10* + 0.00 +6600x10° +280 x10° +£3300000
Bb Bb ABc ABa AD

AnPC. 8.00x10° 2x10° D¢ 1500 x10° 3000 x10° 9560000
+0.00 £0.6 x10° +290x10° £2 x10° _ 280000
Da De Chb Bb AD

P.C. 4,70x10° 1.80 x10* 1270 x10° 2600 x10° 90000000
+0.3x10° 0.4 x10° £130x10° 230 x10* 5700000
Bab Bd B4 Bb AD

CNO:

T.PC. 037x10° - 217x10°Be 550 xi0° 6000 x10° 6500 x10°
+33.0 +88 +28x10° 0,00 +2000x10°
Be Bd Aa A

AnPC. 6.00x10* 23 x10° De 2500 x10° 4000 x10° 6000 x10° s
+2.0x10° 0.6 x10° 280x10° +570 x10° +0.3 x10°
Dab Cb Bb Al

PC. 2.10x10° 20 x10° Cc 6000 x10° 11000 x10° 100000 x10° o
+0,2x10 £ 0.00 £0.2x10° £1700 x10° +5700x10°
ce Be Ba A®

JEIIBUY PUE QEIV-10QY ‘UESSEH ‘uSUSSIN

¥ See Materials and Methods
Meuns + Standard error

@: Atthese points samples were organoleptically rejected.

Means with the same capital letters in the same line are not significantly differem (p<0.01)

Means with the same small Jetters in the same¢ column are not significantly different (p<0.01)
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Table 7. Effect of different treatments on the microbial profile of Nile bolti fish stored at

2°C+ 2/ 16 days.

* Responded values
Treatments TP.C. An. P.C. PC. |
C 8x10' A 13x10° A 19x10° A
CA 8x10° B 1x10° B 1.3x10° B
CN 29x10° B 5x10° B 4x10° B
CNO 1.8x10° B 8x10° B 2x10¢ B
LSD 116x10° 497x10° 746x10°

* See Materjals and Methods

Means with the same letter in the same column are not sigmificantly different (P>0.01).

{CA), (CN)and (CNO) treatments on the
same tested microbiological parameters.
These results are inagrecment with the
results of Przybylski ef af 1989,

4. Chemical quality indices

Different rates of significant incre-
mental patierns of TBA values were no-
ticed during 16 days of cold storage of all
treatments (Fig. 3). The lowest rate of

TBA values us O.D.at 538 un

TBA increase was found in (CN) treat-
ment due to the lack of oxygen which
prevents formation of aldhydes, How-
ever, free radicals could be produced and
decomposed to other compounds (Par-
kin and Brown 1983). These incremental
patterns in TBA values were continued
representing maximum  peaks after 24
days then dropped till the end of storage
periods of different samples, reflects the
instability and ceactivity of oxidation
products in muscle foods.,

16

Storage time (days)

Fig 3. TBA values of differently treated Nile boiti fish stored at 2 °C £2

Annals Agric. Sci,, 47(2), 2002
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For example, malonaldehyde produced
as a result of lipid oxidation might react
irreversibly with other components, par-
ticularly amino acids, proteins and non
enzymatic browning intermediatcs in a
Maillard-like reaction (Yasin 1997).
Stafistical analysis showed (CN} and
(CNO) treatments had lower values of
TBA (Tabie 8).

The initial values of TVB-N in dif-
ferent investigated treatments (Fig 4)
were around 49 mg / 100g dry weight, A
significant (P<0.01) increase. was re-
corded in all investigated treatments with
different rates depending on the nature of

Nessrien; Hassan;, Abou-Arab and Khallaf

treatment. At the end of storage periods, a
continual increase in TVB-N was taken
place to be 3.96, 4.05and 4.01folds for
(CA), (CN) and (CNO) treatments, re-
spectively. This increase might be attrib-
uted to the breakdown of nitrogenous
substances as a result of microbial activ-
ity and autolytic enzymes found naturally
in fish tissues (Yasin 1997). Changes in
TVB-N concentration as affected by
different suggested treatments (Table 8)
showed that, (CA) and (CN) treat-
ments had a significant (P<0.01) lower
values than those found in other treat-
ments.

Table 8. Effect of different treatments on TBA and TVB-N values of differently treated
Nile bolii fish stored at 2 ° C+2 / 16 days

Responded values
Treatments* -
TBA (0O.D.at 538 nm) TVB-N(mg/100g dry basis)

C 0.419 A 83.79 A

CA 0.209 B 70.26 C

CN - 0175 C 69.75 C

CNO 0.152 D 7538 B

LSD 0.006 0.85

* Sce Materials and Methods

Means with the same letter in the same column are not significantly different (P>0.01).

The changes of biogenic amine con-
tents were also followed during cold stor-
age of bolti fish under modified atmos-
phere (Table 9). Data revealed that all
investigated treatments had sensible
amounts of tryptamine and putrescine
beside, if any, a very low concentration of
cadaverine. Abdalla er af (1989) showed
that, the presence of cadaverine and pu-
trescine  in sardine fish may be due to the

time elapsed between catching and proc-
essing. However, a sharp drop in
tryptamine content was detected in all
investigated treatments during 16 days of
refrigerated storage mainly due to utili-
zation of amines asan energy source by
other organisms (Scheibner 1987) orto
the possibility of amine’ s reaction with
proteins to form a novel amino acid
(Jones et al 1981).

Annals Agric. Sci. 47(2), 2002
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Table 9. Effect of modified atmosphere packaging on biogenic amines content (ppm) of
differently treated Nile bolti fish storedat2°C £2,

Treatments™* Storage time (days)
Zero 16
C:

Tryptamine 0.448 0.201
B-phenylethylamine N.D. 0013
Putrescine 0.036 7.940
Cadaverine 0.001 0.928
Histamine N.D. 0.760
Tyramine N.D. 0.013

CA:

Tryptamine 0.255 0.013
B-phenylethylamine 0.005 0.0535
Putrescine 0.070 6.250
Cadaverine N.D. 0.563
Histamine N.D. N.D.
Tyramine N.D. N.D.

CN:

Tryptamine 0.158 0.001
B-phenylethylamine 0.005 0.014
Putrescine 0.027 4128
Cadaverine 0.061 0.367
Histamine N.D. N.D.
Tyramine N.D. 0.009

CNO:

Tryptamine 0.168 0.010
B-phenylethylamine 0.014 0.056
Putrescine 0.047 3250
Cadaverine 0.047 0.169
Histamine N.D. N.D.
Tyramine N.D. N.D.

* See Materials and Methods.

N.D.: Not detected.
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On the other hand, a sharp incremental
pattern of putrescine, cadaverine and ty-
ramine (Table 9) was noticed in various
investigated samples as a result of de-
composition of fish proteins and decar-
boxylation of the free amino acids in
tissues by amino acid decarboxylase ac-
tivity (Mends 1999). Putrescine was the
sole biogenic amine with the highest
concentration after 16 days of cold stor-
age of bolti fish and reached 7.94, 6.25,
4.13 and 5.25 for (C), (CA), (CN)and

TVB-N values (mg /100g dry
weight)

0 8

(CNOQ) samples, respectively. Putrescine
and cadaverine contents could be used as
indicators for bolti fish quality stored for
16 days at 2 ° C+2 under modified at-
mosphere (Ruiz-Capillas and Moral
2001). The lowest content of biogenic
amines during 16 days of refrigerated
stored boiti fish was found in (CN) and
(CNQ) treatments. Also, histamine was
appecared only in control sample at
the end of its storage period (16
days).

16 24

Storage time (days)

Fig. 4. Mean scores of TVB-N of differently treated Nile bolti fish stored at 2 °C 2

Histamine which is very important in
some fish species such as tuna and sar-
dine (Abdalla et al 1989 and Mendes
1999}, is not detected at all in bolti fish
packaged under modified atmosphere.
Such trend could be attributed to the in-
activation effect of both CO;and N; on
the bacterial growth as well as the inhibi-
tion of proteolytic or amine decarboxyl-

ase enzymes of both fish tissues and mi-
croorganisms (Reddy ef al 1999),

5. Sensory evaluation

Sensory evaluation proved that no
significant (P>0.01) differences were
found between the four investigated
treatments at zero time (Table 10).
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Table 10. Mean scores of different sensory parameters of differently treated Nile bolti fish samples storedat 2 °C + 2

Treatments* Storage time (days)
&
_ Zero 4 8 16 24 31 33 35

sensory attributes

C:

Appearance 9.0+0.0 8.0:0.0 69102 42401 e e s e
A B Ca Ded

Iye s lustrous 9.0200 7.340.3 6.6 0.2 37201 s e e e

Color of gills 90+00A 74102BB  62403Ca  3.4102Dc¢

Odor 9.0+00 7.6502 7.0+0.1 3201 —en

Texiure 9.0+00A  7.6302B 6.8402Cab  3.5+0.1Dc¢

Overall 9.0+0.0 76202 68402 39201 -

acceptability A B Ca De

CA:

Appearance 9.0x00 e 73403 5.7+40.1 5.7+02 3902 e e
A Ba Cb Cb Do '

Eye’ s lustrois 9.0x00 —m——— 6.4 0.3 5102 5101 3.70.1 e
A Ba Cb Cb D

Color of gills 9.0+0.0 ————— 6.4+0.3 5.0+0.1 4.9 0.1 3.7x0.1 e -
A Ba Cb Cb D

Odor 9.0+0.0 ———— 6.6+0.2 55102 5201 3.0+0.1 e —
A Ba Cb Cb D :

Texture 9.0£00 e 6.7+0.2 55401 5901 41101 e —-
A Bb Cb Cb E

Overall 90£00A e 6.8+0.2 5801 5402 3.7803D  —-- e -

acceptability Ba Cb Ce

saotput Aijenb ysiy njog pauire

6tL
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Table 10. Cont.

{: At these points samples were organcleptically rejected,
Means with the same capital letters in the same line are not significantly different (P > 0.01)
Means with the same small letters in the same column for given attributes are not significantly different (P > 0.01)

Treatments* Storage time (days)_
mfllammutes Zero 3 16 24 31 33 35
CN:
Appearance 9000 7301 6402 6.5402 35202
A Ba Ca Ca D
Eye s lustrous 9.0£0.0 72402 6.6 £0.2 5.9+0.1 35402
A Ba Ca Da E
Color of gills 9.0+0.0 6.9202 6.10.2 5802 29402
A Ba Ca Ca D
Odor 9000 7.1£0.2 6.4 +0.2 6.6+0.2 30402
A Ba Ca Ca D
Texture 9.0+00 7303 6.5 6.7 0.1 37401
A Ba +0.3Ca Ca D
Qverall 9.0+0.0 7.1£0.05 6.5 0.1 6.840.3 p— e 3201
acceptability A Ba Ca BCa D
CNO:
Appearance 9.0:0.0 71201 6.50.2 6.1£0.1 —_— 38+04 e
A Ba Ca Dab Ep
Eye s lustrous 90+00A 69402 6.3 0.1 58101 ——— 34802 e
Ba Ca Da E
Coler of gills 90:00A 6.902 64402 57+0.2 —— 36404 -
. Ba Ca Da E
Odor 5.0£00A 71402 6.4+0.2 6.2 0.1 ammmnn 2605 ——
Ba Ca Ca D
Texture 0.0£0.0A 7102 6.4%0.3 6.1+£0.2 R 38101 S—
Bab Ca Cb D
Overall 0.0+00A 7.00.1 6.4 0.1 6.2 0.1 ————- 3400 ——
acceptability Ba Ca Cb D
*Sec Malerials and Methods Means + Standard error

oL
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By extending the refrigerated storage
time, a significant decrememtal trend
(P<0.01) in eye s lustrous scores was
observed in all treated samples up to the
corresponding point of complete deterio-
ration. The lowest trend in both of (CN)
and (CNO) treatments were due (o the
cffect of modified atmosphere in retard-
ing many deterioration changes. With the
progression of cold storage, all treated
samples realized a concomitant deterio-
ration in gills color. Similar trend was
also found in (CN) sampie as explained
earlier. During subsequent cold storage
the (CN) sample possessed a significant
higher scores of odor than those of (CA)
and (CNO) ones. Undesirable odor was
due to the formation of ammonia, indo!
and other metabolites induced by the
action of spoilage bacteria during storage

(Reddy e al 1992). The MAP treatments
had a firm texture owing to the role of
modified atmosphere {Reddy et al 1995).
However, (CN) sample had the best qual-
ity compared with other samples under
sensory evaluation. Statistical analysis
(Table 11) showed that, (CN) and (CNO)
trcatments had almost similar cffect on
sensory attributes, while, (C) and (CA)
treatments had different effect on such
attributes.

Total volatile basic nitrogen (TVB-N)
has been widely used as quality indice to
assess the spoilage of refrigerated fish. In
case of refrigerated fish packaged under
modified atmosphere, the correlation
between sensory attributes (overall ac-
ceptability) and TVB-N showed strong
correlation (0.999 with C, 0.926 with CA,
0.957 with CN, and 0.971 with CNQ).

Table 11. Effect of different treatments on sensory attributes of Nile bolti fish stored at

2°C+2 / 16 days.
Responded values

Treatments* Appearance  Eyes  Colorof odor texture Overall ac-
lustrous gills ceptability

C 670 C 643 C 620 C 640 C 657 C 6.37 C

CA 733 B 7.00 B 6.80 B 703 B 707B 720 B

CN 757 A 760 A 133A 750 A T60 A 753 A

CNO 153 A 740 A 743 A 750A 750 A 747 A

LSb 0.21 0.25 0.27 0.22 0.23 0.21

* See materials and methods

Means with the same letter in the same column are not significantly different (P> 0.01).

Also, strong correlation was observed
between overall acceptability of the in-
vestigated four samples and putrescine as
well as cadaverine (almost 1.0). On the
other hand, the correlation between over-

all acceptability and total plate counts
showed lower values ranging between
0.77 o 0.91. In conclusion TVB-N and
biogenic amines (putrescine and cadav-
erine) could be used as quality indices in

Annals Agric. Sci., 47(2), 2002
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refrigerated  bolti fish, cither packaged
under modified atmosphere or not.
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