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ARTICLE INFO ABSTRACT

Received: 24* October 2012 The study assessed the effect of Moringa oleifera marinade on

Rf.‘\:‘ewcd in revised form: chcmical‘compositiOn and organoleptic properties of smoke-

?coiczm;);: 1%012 dried catfish in a 6x8 factorial experiment. The cxperimep—

AL elp ;1 S .fl?,n::ry a0 tal treatments are the control, 1, 2 and 3% (w/v) Moringa oleif-
EEEne e Rt era Marinade (MOM), 5% brine and 0.2% Butylated Hydroxyl

Anisole (BHA) (w/v) solutions. Ninety fishes of average weight
of 23048 g were gutted, washed and randomly assigned to the
treatments. Thereafter, the fishes were soaked in the treatments
for 2 hours and later hot smoked for 12 hours. After smoking, the
fishes were stored in air-free netted boxes and placed on labora-
tory shelves at room temperature (37+2 °C) for 8 weeks. Samples
were taken every seven days for chemical and sensory analysis.
The proximate analysis showed that Moringa oleifera marinade
(MOM) reduced the moisture content of smoke-dried fish sam-
ples throughout the storage period. The dehydrating property
of MOM was concentration dependent with 3% MOM samples
having the lowest moisture content, which was significantly dif-
ferent from other treatments. There was no significant difference
in the dehydrating properties of 1% MOM, 2% MOM and salt
treated samples. All levels of MOM enhanced and maintained
the protein, ash and fat content of smoke-dried fish samples.
Sensory scores showed no significant difference among the treat-
ments in terms of color, flavor, juiciness and overall acceptability
of fish samples. Moringa oleifera marinade could be used to main-

Keywords:
Moringa, marinade, smoke-dried fish, tain the quality attributes of smoke-dried African catfish stored
brine for 2 months.
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oKIng is the oldest and ‘most common method
of fish Preservation in many developing countries
(Kum‘_’lu‘lohnson et al,, 2010). Smoke-dried fish is
a traditional part of the diet of a large section of the
‘Y(ffld's Population and it is relished for its appe-
tizing flavor and taste (Kiin-Kabiri et al., 2011). In
Spite of numerous benefits derived from fish smok-
ing, smoke-dried fish is still susceptible to oxidative
and microbial spoilage. Traditionally prepared hot
smoke-dried fish products suffer heavy insect infes-
tation, high moisture content, bacteria and fungal
attack, which cause reduced shelf life (Tobor, 1984).
Hot smoke dried fish is liable to protein degrada-
tion due to Millard browning (Gilbert and Knoule,
1975). In addition, smoke deposited on fish dur-
ing smoking is composed of carboxyl and some
poly-nuclear aromatic hydrocarbons, which have
been implicated in degenerative diseases such as
cancer (Eyo, 2001). In view of the aforementioned
problems, it is necessary to enhance the quality at-
tributes and shelf life of smoke-dried fish as well as
reduce the hazardous effect of smoke on consum-
ers, hence the use of Moringa oleifera marinade. All
parts of Moringa oleifera possess nutritional and me-
dicinal values (Paliwal et al., 2011a). The leaves con-
tain essential amino acids, vitamins and minerals
(Fahey, 2005; Grubben and Denton, 2004). Moringa
oleifera exhibits potent pharmacological activities,
low toxicity and economic viability when com-
pared with synthetic drugs (Paliwal et al,, 2011a)
and could serve as a functional food (Paliwal et al.,
2011b). Myriad phytochemicals present in Moringa
are responsible for its pharmacological properties.
An examination of the phytochemicals of moringa
species affords the opportunity to examine a range
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of unique compounds (Fahey et al., 2001; Bennett
et al, 2003). Various compounds have been iso-
lated from moringa preparations and are reported
to have hypotensive, anticancer and antibacterial
Properties (Daxenbichler et al., 1991; Bennett et al,,
2003; Mekonnen and Dréger, 2003). The objective
of this study was to determine the effect of Moringa
oleifera marinade on chemical composition and sen-
sory characteristics of smoke-dried African catfish
(Clarias gariepinus) stored for two months,

MATERIALS AND METHODS

Preparation of Marinade

Fresh moringa leaves were obtained from the Uni-
versity of Ilorin, llorin, Nigeria. The leaves were air
dried for 4 days at ambient temperature (37+2 °C)and
ground into powder using a food blender (Starlite,
Model No:SL-999 CHINA). Moringa oleifera marinade
(MOM) was prepared by adding separately specific
quantity (10 g, 20 g or 30 g) of Moringa oleifera leaf
powder to 1000 ml of water to form 1, 2 or 3% MOM
respectively. 50 g of salt or 2 g of BHA was added
separately to 1000 ml of water to form 5% brine or
0.2% BHA solution. No additive was added to the
control treatment.

Fish preparation

Ninety catfish samples were purchased from
Osagbemi Farms in Tlorin metropolis. The process-
ing and smoking of the fishes were carried out at
Godbet Homestead Fish Farm, Basin road, Ilorin,
Nigeria. The average weight of the fishes was 230+8
g while the total weight was 20 kg. The fishes were
gutted using a sharp knife by cutting laterally from
the end of the gill cover through the belly portion to
the anus. Thereafter, they were thoroughly washed
and rinsed. The total weight of the fish after gutting
was 18.5 kg with the average weight of 220+6 g- The
fishes were randomly assigned to six experimen-
tal treatments: Control, 1% MOM, 2% MOM, 3%
MOM, 5% salt and 0.2% BHA. Each treatment was
replicated thrice with 5 fishes/replicate. The fishes
were soaked in the marinade for 2 hours. Thereafter,
the fishes were set in the smoking kiln consisting
of five-twin tiers and subjected to hot smoking for
12 hours with charcoal as the heat source. The tiers
were interchanged every 3 hours to ensure uniform
heat distribution and drying. The smoke-dried fish-
es were placed in air-free netted boxes to prevent

flies infestation and stored at room temperature
(37+2 °C) for 8 weeks.
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Sensory analysis

A sixty-member
§is. The taste pa
staff and stud

panel conducted the sensory analy-
nelists (assessors) were drawn from
i ents of the Faculty of Agriculture,
niversity of llorin, They were instructed on the pa-
rameters to adjudge using a 9-point hedonic scale.
The hedonic scale is delineated as follows: 9=Like
extremely, 8=Like very much, 7=Like moderately,
6=Like Slightly, 5=Neither like nor dislike, 4=Dislike
slightly, 3=Dislike moderately, 2=Dislike very
much, 1=Dislike extremely. Water was provided for
the panelists to rinse their mouth after each bite to
eliminate the taste of the previous fish sample.

Statistical analysis

The experiment followed a 6x8 factorial arrange-
ment in a completely randomized design. The data
obtained were analyzed using analysis of the vari-
ance (ANOVA) model suitable for the design with
the aid of a Genstat discovery program package
(fourth edition). The ANOVA model is as follows:

Y= pta BH(ai x Bj) +e,.

Where Y, denotes the ij* observation arising
from level i of additive and level j of storage time

p = overall mean

a, = effect of level i of additive

B. = effect of level j of storage time

(&, x B) = interaction effect of additive and stor-
age time

e,= random error term

RESULTS AND DISCUSSION

There were significant differences (P<0.01) in the
moisture content of the treatments at various weeks
of storage (Table 1). There was a general decrease

Croatian Journal of Fisheries, 2013, 71, 1118
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N maisture content from the first to eight week of
storage. This could be attributed to prevailing ambi-
c.nl temperature and relative humidity around the
fish samples. Fish samples treated with 3% Moringa
oleifera marinade (MOM) had the lowest moisture
content which was significantly different from that
of other treatments throughout the storage period.
This was closely followed by 2% MOM, 1% MOM
and salt treated samples in that order. There was
no significant difference (P>0.01) among fish sam-
ples treated with salt, 1% and 2% MOM. The con-
trol samples had the highest moisture content,
which was followed by BHA treated samples. At
the end of the eight week, the moisture content of
the control and BHA treated samples exceeded the
benchmark of 10% (Daramola et al., 2007) and 12%
(Sveinsdottir, 1998) when microbial spoilage might
occur. The ability of Moringa oleifera marinade to de-
crease the moisture content of the fish sample could
result from myriad chemical compounds (that have
high dehydrating properties) e.g. calcium salts
(Grubben and Denton, 2004), present in Moringa
oleifera leaves from which the marinade was pre-
pared. Dehydrating properties of salt are well
known. Salt decreases the water activity of foods;
this mechanism involves transporting salt into food
structures and is achieved by various physical and
chemical factors such as diffusion, osmosis and a se-
ries of complicated chemical and biochemical proc-
esses (Turan et al., 2007). Salting is a cheap, popular
and effective means of fish preservation (Ayub et
al,, 2011). A high dehydrating property exhibited
by Moringa oleifera and salt is beneficial in that mi-
crobial deterioration is inhibited thus enhancing the
shelf life of smoke-dried fish. In addition, both are
cheap and readily available. The moisture content
of all Moringa oleifera treated samples in the eight
week was significantly lower than what was ob-
served in the first week of storage. The moisture
content of BHA and control samples followed the
same trend. Although, BHA is a potent antioxidant
(Adeyemi et al., 2011), it imparted negatively on the
moisture content of smoke-dried fish samples.
Moringa oleifera marinade enhanced and stabi-
lized the protein content of smoke-dried fish sam-
ples. The crude protein content of all Moringa oleif-
era samples was significantly higher (P<0.01) than
that of other treatments. The increase in the crude
protein content of Moringa oleifera samples could be
due to the increase in dry matter of processed fish
samples as more moisture and volatile compounds
are evaporated from the fishes during storage.
Except in week 4 and 6, 3% MOM had the highest
crude protein content. The control samples had
lowest crude protein values that were significantly
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frnl, salt and BHA treated samples was observed
in the eight week of storage. These values were
significantly different from those observed in the
first week of storage. All Moringa treated samples
maintained the crude fat content of the fish samples
from the inception of storage until the eight week.
The crude fat content of the control samples experi-
enced significant fluctuations.

The salt treated samples had the highest ash
content which was significantly different (P<0.01)
from other treatments throughout the storage pe-
riod (Table 1). The observation was in line with the
report given by Andrés et al. 2005 who asserted that
in addition to product preservation, salt is used to
promote nutritional properties and important sen-
sorial changes that make the final product appeal-
ing to consumers. Moringa oleifera also increased
the ash content of fish samples. However, there
were remarkable fluctuations in ash content of the

Table 1: Effect of additives and storage time on proximate composition of smoke-dried catfish

Proxi - - 2
Com:::\lsnt Additives \ a 3 Slomfe time (\:eck) ] ] : SED P
= Control 2007 134, 145* 1397} 15.66,” 21.14° 16.23° 1433 o
Z 1%MOM 767> 783> 896" 7837 1213° 57 1025° 536 7
S 2%MOM 786 665> 881 813° 12470 625 10 682 z
ga\j 3%MOM 2482 2622 536 4.33:# 6770 35> 3787 301 039 *
& 5%Brine 844> 566 615! 6047 973" 693 648 925" .
$ 02%BHA 1615¢ 11747 12927 1316; 15547 1464° 1504° 16.45° '

P * * * * * * * *

~  Control 48920, 49.01° 49.06° 5183 53590 54020 5420 43¢
% 1%MOM 5360 5828 56577 56.85¢ 57.75; 5067, 57.18¢ 53.87° -
g 2%MOM 5526 57995 5579 5838 6012 58715 5339, 56.02° 039 *
2 3%MOM 5637} 5813° 5743° 55137 595¢ 5585 5817 60! 3
g 5%Brine 5459° 5554° 55527 59.05¢  60f 57.65° 567 54 >
2 02%BHA 4952° 45017 4501 5479 5666 595! 5706, 47.99.° C.

1S P * * » * * * * *
Control 32697 20.18° 3173/ 3142 3019 30067 32897 2483 ¥
s 1%MOM 323 2966° 27.67; 3569 2903 2911 3342¢ 30952 *
T 2%MOM 32435 2544 3299° 3431° 3834 3337F 3408¢ 32387 033 *
p 3%MOM 30.88° 25887 3153 3290 2822 29.07> 3478¢ 3176 *
3 5%Brine 3159 2467, 28137 3171/ 3067 2999 2613 2337 *
O 0.2%BHA 30 3154¢ 3177 31587 2981 2988° 2758 2227 *

P) * * »* » » » * »
Control 1859 2088/ 1757 11882 145 1399> 12967 1641F *
1%MOM 1971 2151¢ 1923 1358° 1475° 1469 12467 2223° *
= 2%MOM 1767, 2341F 16895 1293 14610 1467> 12990 19027 *
= 3%MOM 17670 2224¢ 1583° 12267 143> 14> 170 20:025 *
5 5%Brine 2867° 2868 253! 15527 2349 2349° 1872° 2471F *
0.2%BHA 167 2437) 1991° 14672 17684 1771¢ 11552  202° 2

P2 » * * » T * * »

a, b, ¢, d, e means having different superscript along the same row are significantly different (P<0.01).
v, W, X, y, z means having different subscript along the same column are significantly different (P<0.01).
* = P<0.01, NS=P>0.01, SED-= standard error of difference of means
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Table 2: Effect of additives and stora

eti
Sensory g€ time on sensory properties of smoke-dried catfish

st e Additives
characteristics dditives ] 3 Storage time (week) SED  P?
Control 64508 5010 3 4 5 6 7 8
. ShBrine 78109 6'41 6 B0:09 76103 56:06 7409 62:06 68408 NS
g O2%BHA 74405 4 03 64102 48:06 66407 58:02 68:04 56106 NS
g D%Mowm 60£19 7'0’1'2 74502 54:03 64:08 82109 68405 3404 067 N5
YAMOM 4419 7'610-5 82109 7603 76:05 7.6:2 7.0¢15 6608 NS
IMOM 64413 2405 60112 66:08 72107 72:13 70407 68£13 NS
P: 413 6807 74301 80:15 66204 8208 76209 62413 NS
Control ¢4 1??, NS Ns Ns N5 N5 NS NS
2 S%Brine 7406 74109 7:03 76106 54103 7.2:02 68:03 70:16 NS
g 0.2%BHA 7'2110- 68105 66:07 46207 6201 58:09 68:09 58408 rs{s
S 1%MOM  4ge S 687 72404 46°+8 62804 76405 68408 42:403 .
N 806 6444 64407 768405 77407 70407 66406 64711 0.56
Pl 62403 68£5 68:09 6106 62204 66£12 68:07 64203 NS
5 68402 68:04 70+12 82#16 78208 8:07 68:06 683207 NS
‘ NS NS P T NS NS
Control 62407 78308 7805 767407 50403 68106 7402 7277 :
_ S%Brine 70420 72412 60407 4809 6:l1 5805 68403 56:+1 .
5 02%BHA 76405 74412 76406 542401 5409 80405 7206 34245 .
2 1%MOM 52401 74409 7.0%02 8§08 74403 7.2%12 72404 66°+4 062 *
B 2%MOM  62:07 78:04 70:04 66103 64:l1 70£10 72605 66206 NS
UMOM  66s15 72¢16 7.6:05 8414 70:04 7415 72:05 68306 NS
2 NS NS INS T NS NS NS -
Control 60:07 76203 78:05 74209 56:05 74204 70:07 68205 NS
5  S%Brine 64103 7.2:07 60:08 50207 58x6 56201 7.6:06 54205 NS
£ 02%BHA 68404 8005 7401 54°w6 5409 gh+12 72609 3613 084 °
S 1%MOM 50410 78106 76405 7876 68107 68241 72406 62)t4 :
2 uMOM 6407 72405 74413 6414 68:03 68206 76£1 64xd NS
3%UMOM 6807 70106 72:07 82+14 76:04 76212 741 68219 NS
P NS NS NS : NS 2 NSuLSes &
Control _ 70%14 82404 7.8%07 78708 52303 72402 70413 70,06 g
5  S%Brine 70409 74408 64306 48108 62:06 60201 7.2405 622407 *
=5 02%BHA 74409 78307 78407 521406 5605 76405 7.0°61.0 3.6:0.7 5
55 I%MOM 46415  S:l4 7403 78,407 72413 68406 6809 62410 085 *
O 8§ 2%MOM  64:13 78112 7404 62111 64416 64204 7.2:05 6612 NS
S JuMOM 64209 76:10 7.0:11 8214 74:10 82:15 7.0:08 7016 NS
P NS NS ___Ns % _ NSNS NS *

Values are mean = SD. a, b, c means having different superscript along the same row are significantly different
(P<0.01). X, y, z means having different subscript along the same column are significantly different (P<0.05). *=P<0.01,
NS=P>0.01, SED=Standard error of difference of means. SD=standard deviation

fishes during smoke-drying process. Moringa oleif-
era treated samples had dark greenish patches on
them. The intensity of the greenish patches was
concentration dependent with 1% MOM having the
least.

Flavor score for the control samples increased

fish samples throughout the storage period. It has
been reported that Moringa oleifera leaves contained
substantial macro and micro minerals (Booth and
Wickens, 1988).

There was no significant difference (P>0.01)

among the treatments with respect to color per-
ceived by assessors (Table 2). All treatments were
rated as having the same color throughout the stor-
age period. A visual appraisal of the fishes showed
that all samples had dark color. This dark color was
probably due to smoke and ashes deposited on the

from the first to fourth week, decreased from the
fifth to sixth week and increased afterwards (Table
2). There was a decrease in the scores assigned to
salt and BHA treated samples. The flavor scores
observed in the eight week for salt and BHA sam-
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MOM had the higf © first week of storage, 2%
B ghest score which was significantly
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the fou ong the treatments. In
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B e highest score in the fifth week. The
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b BHAservcd 1:1 the juiciness of all treatments
The I;v and 0.1 @.MOM as storage progressed.
) erall acceptability among the treatments did
not differ (P>0.01) except in the fourth and eight
Weel.<. There was no significant difference among
Monnga treated samples and the control in the
fourth and eight week. BHA samples had the least
scores in these weeks.

The reduction in sensory scores as storage pro-
gressed could be attributed to the activity of spoil-
age agents. Quality loss during storage at both am-
bient temperature and chilling was revealed in the
results of research on storage of Oyster (Llobreda et
al., 1986) and Shrimps (Reilly and Dela-cruz, 1986).
Although chemical quality indices of smoked-dried
fish could predict their biological utilization by con-
sumers (Trinidad and Estrada, 1986), physical as-
sessment method is easily available to an intending
fish buyer. While physical or subjective methods
of analysis may suffer from the limitation of being
subject to bias by the assessor and hence may not
be reproducible, the chemical methods are reliable
measures of freshness or state of deterioration of a
product (Daramola et al., 2007). This major limita-
tion of subjective method is evident in this study
where assessors ranked 3% MOM with a moisture
content of 2.48% and control with a moisture con-
tent of 20% in the first week as having the same ten-

derness.
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de on i
fi q )hlv llbultﬂlf

smoked-dried catfish
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CONCLUSION

A”,ICVCIS of Moringa oleifera marinade reduced the
Maisture content of smoke-dried African catfish.
The dehydrating property of Moringa oleifera de-
pends on concentration. 3% MOM samples had
the least moisture content which was significantly
different (P<0.01) from other additives. There was
no significant difference (P>0.01) in the moisture
content of samples treated with salt, 1% and 2%
MOM. Control samples had the highest moisture
content, which was closely followed by BHA sam-
ples. Moringa oleifera marinade improved and stabi-
lized the crude protein and fat content of the fishes
throughout the storage period. In this respect, 3%
MOM was the most effective. Salt treated samples
had the highest ash content throughout the storage
period. This was significantly different from other
additives. There was no significant difference in the
ash content of Moringa oleifera treatments. There
was no significant difference in the organoleptic
properties of the additives during most of the stor-
age period. Moringa oleifera marinade could be us.ed

to improve the chemical composition and shelf life

of smoke-dried African catfish. Further studies

should be carried out to determine the effect of mix-

ing Moringa olcifera with salt on the chemical com-

position and sensory characteristics of smoke-dried

African catfish for a longer period of storage.

Sazetak

UCINAK MARINADE MORINGA OLEIFERA
NA NEPOSREDAN SASTAV | SENZORNA
SVOJSTVA DIMLJENOG AFRICKOG SOMA
(CLARIAS GARIEPINUS)

Ovim istraZivanjem izmjeren je ucinak marinade
Moringa oleifera na kemijski sastav i organolepticka
svojstva dimljenog soma pomocu faktorskg ekspe-
rimenta 6x8. Eksperimentalna obrada ukljucivala je
kontrolu, marinadu Moringa oleifera (MOM) od 1, 2
i 3% (w/v), otopine rasola od 5% i butil-hidroksil-
anisola (BHA) od 0,2% (w/v). Izvadena je utroba
devedeset riba prosjecne teZine 230+8 g, oprane su
te im je nasumce odredena vrsta tretmana. Nakon
toga ribe su se dva sata namakale u otopinama te
potom bile dimljene dvanaest sati. Nakon dimlje-
nja, ribe su spremane u vakuumske mreZaste kutije
te su ostavljene na policama laboratorija na sobnoj
temperaturi (37+2 °C) tijekom 8 tjedana. Uzimani su
uzorci svakih sedam dana za kemijsku i senzornu
analizu. Neposredna analiza je pokazala da je mari-
nada Moringa oleifera (MOM) smanijila udio vlazno-
sti kod dimljenih uzoraka ribe tijekom skladistenja.
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