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Abstract: This study evaluated the effects of powdered cuspiinkling on the lipid quality deterioration of
fresh and ice-stored tilapia fillets and was cated with sensory attributes during ice storagéally, Adding
cumin powder (2% w/w) exhibited a preservative dffevith cumin-treated fillets during storage ireic
showing significantly lower levels of thiobarbitariacid (TBA), and free fatty acid (FFA). There were
significant differences (p<0.05) in the TBA, FFAdaperoxide value (PV)of tilapia fillets during istorage.
Generally, obtained TBA values of tilapia filletsirthg ice-storage were low and within high-qualityits.
Lipid oxidation parameter values were significanifcreased (p<0.05) by the end of storage. Sigmific
differences between treated and untreated filletsdour, flavour, appearance, and overall accdptahbiere
found. No significant difference (p<0.05) in texduattributes was detected. There was a stronglgrae
correlation at (p<0.05) of FFA and TBA valuesversdisodour and off-flavour scores (r = -0.98, pwal=
0.02), (r = -0.90, p-value = 0.10) and (r = -0.plvalue = 0.19) (r = -0.83, p-value = 0.17) respety, in
untreated fillets .These findings suggest that Té&#al FFA are more suitable indices for spoilageilapia
fillets. Cumin-treated tilapia fillets maintaineleir quality better than untreated fillets duringrage, as the
former achieved higher scores than the latter.
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Introduction

Lipid oxidation is a major of food quality deteradion and has been a challenge for manufacture<cent
scientists alike. Concerns about lipid oxidationéhalso been addressed in the aquaculture inddséyto the
large requirement of long-chain n-3 PUFA in fisktdind the high susceptibility of these PUFA tadasior!.

In recent years spices have gained importance @sutbients, both as functional food ingredients and
nutritional supplements. The use of spices as fadditives has been widely practised since anciemst
Spices have a definite role to play in enhancingtdlsee and flavour of any food. Apart from this,cegi are
believed to have medicinal value. They have bead uis a large number of medicinal preparationstiier
treatment of several disorders, particularly of thgestive systefrAdditionally, and because of its greater
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awareness and safety concern regarding synthetimichl additives, food preserved with natural adel# has
become more popular. For instance, the antimickadnia antioxidant properties of essential oils, dmeir
active constituents derived from various plant osgdave been empirically recognizédHowever; any
processing technologies used in the productionuch compounds have to prove their technical/sdienti
efficiency and product quality to meet the basigureement of hygiene and safety standards. Thexefor
would be economically more suitable to use powdspaces or herbs as ingredients rather than tiamas to
preserve food including fish fillefs

Cumin Cuminum cyminum L.) is a small annual plant belonging to thgaceae family, and is native to the
Mediterranean region, where it is cultivated exiezlg. It is one of the popular spices regularlyedsas a
flavouring agerfit Cumin’s distinctive flavour and strong, warm aeois due to its essential oil content that
may be considered as an interesting source ofatéibal, antifungal and antioxidant componentsictvtare
used as potent agents in food preservation anthéapeutic or nutraceutical industries. Its mangtituent
and important aroma compound is cuminaldehydedgripylbenzaldehydéfFreshwater tilapiaQreochromis
niloticus) was chosen for this study for its good marketeptance and rusticity for handling. Tilapia is
considered promising for aquaculture because odjigl growth, late reproduction and high multigtion rate.

It has a firm, consistent and tasty meat of greatket acceptaneThe main objective of this study was
therefore, to produce ice stored spiced tilaplatfivith a new flavour (cumin) and to demonstrdie ¢ffect of
powdered-dried cumin (2% w/w)as a natural and lostcpreservative onlipid quality indexes,sensory
properties and their correlation with sensory dualihen stored in ice.

Material and Methods
Preparation and treatment of fish samples

Live red tilapia Q. niloticus) was purchased from a local seafood market in Bhug:hSelangor, Malaysia. The
average weight of the whole fish was 600 (490 - gh@nd average length was approximately 28.21-(26)
cm. The tilapia samples were killed, scaled, headatted, washed and filleted (109 g average wHilit),
using the market facilities. The tilapia fillets r@ehen transported to the laboratory in sealeggbyiene boxes
with an appropriate quantity of flaked ice. The&hffillets were divided into two batches. Each batontained
6 kg. Within 30 min of arrival, the fish fillets we sprinkled with fine cumin at concentration (2%wv The
second batch was left without treatment as a cbritibets were packed in polyethylene bags indinllly and
stored in sealed polystyrene boxes with flaked(&&w/w) in a cold room at°€C. The filleted tilapia was
sampled and subjected to chemical and sensorysasasifter O, 3, 6, 9, 12, 15, 18, and 21 daysooage.

Proximate analysis

The fish samples were analysed for proximate coitippsmoisture content was determined by air-dgyai a
portion of minced fish fillet at 103 + 2°C for 24 trude fat, by petroleum ether extraction using Soxhlet
method; crude protein by the Kjeldahl method ugiatassium sulphate and copper (ll) sulphate asdtadysts
and 6.25 nitrogen-to-protein conversion factor; asld by incineration in a muffle furnace at 55@#6ér 24 h
according to the method of by AOAC methdds

Extraction of total lipids

Total lipids were extracted from the ground filst using chloroform: methanol (2:1 v/v) extractisolution
with slight modifications according to the methofi Rligh and Dyet’. The lipid content was determined
gravimetrically and was used to quantify both, lttdg assessment of lipid Oxidation and lipid hylgsis.

Assessment of lipid oxidation

The amount of TBA was estimated by the direct mgtfwithout distillation) of finding the 2-thiobatiric
acid value in oils and fats as was described bl &itd Sawyét. TBA values were measured by reference to an
external standard. The standard was prepared ffopd 6f 1,1- to 3,3-tetraethoxypropan diluted tordOwith
0.1N HCI and heated at 100 °C for 10 min. A volurh@.4 ml of the hydrolysedacetal was then dilued00
ml with distilled water, giving a stock-solution w@galent to 0.1 mM malondialdehyde. TBA values were
expressed in units of mg malonaldehydé' kigid. PV value was determined in the lipid extrat the fish
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muscles according to AOCS (1998) official methodi-@b-90j2The PV values were expressed as meq
peroxide kd lipid.

Assessment of lipid hydrolysis

Estimation of lipid hydrolysis was conducted, byasgrement free fatty acid content in the lipid astrof the
fish muscles according to AOCS (1998) official nwtt{Ca 5a-40f. The content of FFA was expressed as the
oleic acid equivalent.

Sensory evaluation

The sensory quality of cooked untreated and cumeiatéd tilapia fillets was assessed by ten serimieta
panels at zero time and after three, six, and dérys of ice storing according to SalfdnPanellists were asked
to assess the odour and flavour intensity, jui@néardness and tenderness, by using an eight-pedanic
scoring scale from 8 = extremely intense/juicy/emtb 1 = extremely bland/dry/tough, respectivéihile a
nine-point hedonic scale from extremely accepté®)ao extremely unacceptable (1) was used foruatain
of the appearance. Moreover, a six-point scorirgescfrom 6 = no-detected off-odour/off-flavour 1
extreme detected was utilized for the assessmettieodbff-odour and off-flavour. Tilapia samples eming
overall scores of more than 4 were considered &abokp while a score of between 3 and 4 was coreidas
borderline acceptability. Additionally, a space wa®vided for further flavour description and aduial
comments. These attributes were selected to reftesgible sensorial changes in the tilapia filletsich could
be easily detected by the panellists.

Statistical analysis

All experiments were carried out in triplicate. Batere subjected to analysis of variance (ANOVA)bking
Minitab version 16. The difference among the mealues of the various treatments and storage pevere
determined by the least significant difference () S€st, and the significance was defined at (p<0.U&e
results of chemical and sensory analyses weretagbas mean values * standard error.

Results and Discussion
Proximate analysis

For cumin-treated and untreated tilapia filletg, #iverage protein, ash, lipid (g 130zased on dry weight), and
moisture g 100g based on wet weight) contents were (18.74+0.3280686), (1.60+0.03, 1.27+0.03),
(17.96+0.14, 17.71+0.09), and (74.35+0.17, 73.453)).respectively. Generally, moisture content asl had

a significant difference, whereas protein and topd contents did not differ significantly (p<@p between
the treated and untreated tilapia fillets. AttoughiiSadoKconducted a similar study on the effect of thyme on
wild and farmed gilthead sea bream fillets storecte. They reported that thyme treatment doesafiett on
the total lipid content of sea bream fillets. Theximate composition data for untreated fish in tuerent
study coincided with the data presented by Herréerdal®, Yanaret df.

Total lipids

Fish lipid content changes according to speciex, deographical origin, and season. Changes ah liptds
(TL) for treated and untreated tilapia fillets digithe 21 day storage period in ice are shown bieTa. Lipid
content ranged from (2.50+0.33%) to (4.84+0.08%) aom (2.15+0.17%) to (3.40+0.07%) in cumin-trehte
and untreated tilapia fillets, respectively. Theam@ L of untreated tilapia fillets (2.66+0.08) wiasagreement
with previously given content by Al-Shagrawiet"aho found the TL value of (2.62+0.20) in culturtdepia.
However, the current results on TL content are ériglompared with that found in other studfied significant
difference (p<0.05) was observed in TL contentsvben treated and untreated tilapia fillets durteystorage.
Lipid content in fish fillets is affected by stoegn ice as well as interaction between treatmedt storage
time. Overall, cumin-treated fillets had a sigrafitly higher TL content compared with the untreaaohples,
which may be caused by the amount of fat originatigsent in the cumin powder.
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Table 1: Changes in total lipid content of cumin-treated antteated tilapia fillets stored in ice

Days inice Cumin-treated fillets Untreated fillets
0 3.12 +0.25'°°F 2.77 £+ 0.0RBF
3 3.83 +0.08F 2.18 +0.09F
6 2.50 + 0.33" 2.36 +0.1P™F
9 3.31+0.08 " 2.15+0.17F
12 4.84 +0.08" 2.49 + 0.02 ¢
15 3.72+0.04% 2.89+0.06° "¢
18 3.68+0.08 "¢ 3.04 +0.037°
21 2.89+0.24 3.40 +0.07"

Tow way F-value P-value R-sq

ANOVA

Days in ice 139.78 <0.05 89.08 %

treatment 15.34 <0.05

Days x treatment 20.64 <0.05

Values represent means * SE of three repli¢afgi00g flesh fish) on base wet weight
&b Mean values within the same row with the sameiette not significantly different (p < 0:05)
AD Mean values within the same column with the satted are not significantly different (p < 0:05).

Lipid oxidation parameters

Lipid oxidation in fish depends on numerous factthe species, storage temperature, fat composiior),™.
Secondary oxidation was determined by measuring,T@&Ashown in (Figure 1). Generally, the TBA valoés
cumin-treated and untreated tilapia fillets were lduring ice storage and did not exceed 0.28 aBd fhg
MDA kg™ lipid, respectively. A statistically significantfférence (p<0.05) was observed in TBA values dhbo
cumin-treated and untreated tilapia fillets, intliog the strong antioxidant effect of cumin, whiabts as a
radical scavenger. At the end of the present staitlypugh increases were observed in TBA valuesduhe
time of storage, these values were within the lgjghlity limits based on the classification reportsdPoliet
al.* that lipid oxidation products, particularly maldeehyde, accumulate in very small amounts durirgjfsh
life determination of sea bass stored in ice. Nwrtesl?® observed that TBA concentration in freshly caught
fish is typically between 3 and 5 mg MA kgwhereas levels of 5 mg MA Rgo 8 mg MA kg? are generally
regarded as the limit of acceptability for fishrsin ice. At the end of the present study, altfioincreases
were observed in TBA values during the time of ager; these values were within the high-qualityténiased
on the classification reported by both researchéagiaoui, et al’ suggested that. cyminum essential oil may
be considered as an interesting source of antibalctentifungal, and antioxidant components traat be used
as potent agents in food preservation and in teegeutic or nutraceutical industries. The inhilyiteffect of
cumin was higher in treated fillets than in unteghbnes, as evidenced by TBA results at 9, 12185and 21
days. This finding is in agreement with that in r@vyious study, which reported thyme powder inhilyito
activity as showing a significant difference (p<®).0n TBA values of both wild and farmed sea brddlets
treated with thyme powder in comparison with urtedacounterparts’. Decrease in the TBA of untreated
fillets at 6 and 18 days may be caused by a lodevwimolecular weight decomposition products during
advancement of oxidatiéh Or can be explained as a result of the diffepimatses of peroxides decomposition,
the formation of carbonyls, and the interaction poomds with nucleophilic molecules present in thescle
(free amino acids, peptides, proteins, aminatedpihalipids§> **This can be attributed either to the interaction
of TBA-reactive products with other tissue congitts, or to malonaldehyde utilization by surviving
microflore*. TBA values might not give actual rates of lipikidation. However, the TBA content in current
study was lower than the refrigerated hot-smokizghiti at 4°C'®, but similar to those in tray-packed tilapia
fillets stored at 0°C* and ice stored untreated wild and farmed sea brfilets and treated with thyme
powdel. The difference might be affected by differenrate temperature and processing methods.
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Figure 1.: Changes in thiobarbituric acid value (TBA) of cantieated and untreated tilapia fillets stored in
ice. Vertical bars = S.E.
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Figure 2.: Changes in peroxide value (PV) of cumin-treated amtreated tilapia fillets stored in ice. Vertical
bars = S.E.

Primary oxidation of treated and untreated regiddillets during storage in ice was monitoredrbgasuring
the PV, as shown in (Figure 2). Increase in PV mageable in both groups of fish fillets withiretfirst three
days of storage in ice (p<0.05). After 9 days ofafe, a dramatic decrease in PV was found inee#iapia
fillets, followed by increases until the end ofrsige. During ice- storage of untreated tilapiafd| PV values
showed fluctuations reaching a maximum level 06820.06 meq peroxide Kdipid before sharply decreasing
to 4.16+0.44 at the end of storage. PVs of untoeéiteets did not exceed the 20 meq peroxidé' Kipid
maximum recommended lipid value for human consupnpth statistically significant difference (p<0.0bas
observed in the PVs of both cumin-treated and atecktilapia fillets. The high PVs of cumin-treaféigts at
zero time compared with the control sample were reflected in the actual rate of lipid oxidationhi§
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phenomenon indicated a high rate of lipid oxidatiorall fillets, which could be attributed to iné&tion with
natural coloured pigments and compounds from tlserdgil oil content in cumin. Such essential oils a
responsible for cumin’s distinctive flavour andosty, warm aroma. For untreated fillets, PV incrdage until

6 days of storage, followed by a decrease them@ease up to the end of storage. Slight decréad®gs for
untreated fillets during storage and at the endtofage suggested that the hydroperoxide formedhtntig
decomposed into other compounds. Lipid hydropeexidre formed by various pathways, including the
reaction of singlet oxygen with unsaturated lipdsthe lipoxygenase-catalyzed oxidation of polytmssed
fatty acids™.

Lipid hydrolysis parameter

Examining the extent of lipid hydrolysis was deemiagortant to the study because FFA formation has
previously proved a great incidence on lipid oxiolat® 2’ The presence of FFA is due to enzymatic hydrolysis
of esterified lipids. Hydrolytic changes of mustifgds in untreated and treated tilapia fillets idgrstorage in
ice are shown in (Figure 3). The FFA content ofemiied and treated tilapia fillets increased astbege time
increased (p<0.05). The increase was observed & fldm 2.24 to 19.19 and 2.27 to 10.45 (oleic acid
equivalent) in untreated and treated tilapia Blleespectively, during storage in ice. No diffeesne FFA
content was observed within the first 9 days irhlgrbups of fillets (p<0.05). However, the inhibbiteffect of
cumin was markedly higher at 15, 18, and 21 daystarfage in ice. At the end of the 21 day storaggoq,
lipid hydrolysis occurred to a great extent, aglenced by the highest FFA content in the untrefiltets. FFA

can undergo further oxidation to produce compoumitls low molecular weight, which are responsible tioe
rancidity of fish and fish products. Moreover, as per quality specifications for crdi# oil, maximum
acceptable values of FFA 1-7% or 2-5% are prop8sédthough, this study showed that the free faitjda
level of untreated and cumin treated lipid reach&dlimit during 1%' day of ice-storage, but no unpleasant or
rancid odour was detected.

25 4

- - Treated —l— Untreated

FFA (oleic acid equivalent)

24

Days in ice

Figure 3.: Changes in free fatty acid (FFA) content of cumgated and untreated tilapia fillets stored in ice.
Vertical bars = S.E.

Sensory Evaluation

Changes in sensory attributes of cooked cumindreand untreated tilapia fillets through 9 daystofage are
shown in (Figure 4). The characteristic odour daddur of cumin-treated and untreated tilapia tdlslightly
decreased in intensity during storage in ice. Deshie long storage time (9 days), the sensoribates of
cooked untreated and cumin-treated fillets remasigdlar to those of the counterpart samples ab ziene.
Storage duration had no effect (p<0.05) on the agnattributes of all cooked tilapia fillets. Nogsificant
difference (p<0.05) was detected for the juicinéssderness, chewiness, and hardness betweenritiel @nd
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cumin-treated samples. However, significant diffiees were found in the odour, flavour, appearanoe,
overall acceptability between untreated and cum@ated fillets as shown in (Table 2) and (Figure 4)

Table 2: Show two-way ANOVA of sensory attributes scorescobked cumin-treated and untreated tilapia
fillets stored in ice

Two-Way Odour Flavour Appearance Chewiness Hardness
ANOVA
F- P- F- P- F- P- F- P- F- P-value
value value value value value value value value value
Daysinice 1.27 >0.05 1.03 >0.05 0.95 >0.05 1.67 >0.05 1.61 .050
Treatment  5.75 <0.05 456 <0.05 5.28 <0.05 0.58 >0.05 0.44 .050
Days x 0.30 >0.05 0.18 >0.05 0.40 >0.05 0.28 >0.05 0.25 .050
treatment
Two-Way Tenderness Juiciness Overall Off-odour Off-flavour
ANOVA acceptability
F- P- F- P- F- P- F- P- F- P-value
value value value value value value value value value
Daysinice 0.59 >0.05 1.02 >0.05 0.08 >0.05 1.00 >0.05 0.71 .050
Treatment  0.39 >0.05 1.69 >0.05 9.78 <0.05 1.20 >0.05 1.41 .050

Days x 0.76 >0.05 0.38 >0.05 0.16 >0.05 0.61 >0.05 0.59 .0%0
treatment

Cooked Untreated Tilapia Fillets

* @ Overall acceptability
@ Tenderne
# Juiciness

® Hardness

Attributes

= Chewiness

% ®Appearance

* ®Flavor

* #Qdor

0 3
Cooked Cumin-Treated Tilapia Fillets

Attributes

Days in ice

Figure 4.: Changes in sensory attributes scores of cookedneteated fillets (A) and untreated (B) during
iced storage. * Front of series name indicatesifssgint difference (P<0.05). Vertical bars = S.E.
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Formation of secondary lipid oxidation productige of the main causes of the development of ural#si
odours in fish muscle, especially the so-callebyfisdouf®. The compounds associated with off-odour or off-
flavour is generated by enzymatic reactions, ligido-oxidation, microbial action, and environmelytalr
thermally derived reactioffs As shown in Table 2 that, the intensity of théarfour and off-flavour scores
between the control and cumin-treated fillets weo¢ difference significantly at (p<0.05). No sigo#nt
differences (P<0.05) were identified for the inignef the off-odour and off-flavour scores withcireasing
storage time. Additionally, no strong and extrerffeodour or off-flavour could be detected, by arfytloe 10
panelists. In this study, cumin-treated fillets e highest PV but this finding was unlikely tdeat sensory
responses. In the odour and taste acceptabilitgl pasults, rancid characteristics were never ditedanelists.
In the present study, the small detectable amafipid oxidation parameters, such as TBA and FAed
tilapia, a freshwater fish, could reflect the highality attributes of all tilapia fillets, which meained edible
during at least 21 days of storage.

At the end of the present study, the cumin-treétedia fillets showed the highest score (7.4+0.80)overall
acceptability, whereas untreated fillets scoredt®26. The sensory assessment of all cooked tilalbds
showed that no score for the fillet attributes ghegh beyond the limit of acceptability, as all meaceptability
scores remained above 4 by the end of the evatuafibe present findings show that cumin-treateapid
fillets maintained better quality compared with neated fillets during storage in ice, as the formehnieved
higher scores compared with the latter.

Table 3: Correlations between the differences lipid detations indexes of untreated tilapia fillets atQ®B5)

Attributes TBA PV FFA

R P-value R P-value R P-value
Off-odour -0.81 0.19 0.03 0.97 -0.98 0.02
Off-flavour -0.83 0.17 -0.26 0.74 -0.90 0.10
Texture -0.50 0.50 0.43 0.57 -0.95 0.50
Overall -0.65 0.35 0.44 0.56 -0.95 0.05

acceptability

Correlation lipid quality deteriorations indexes with sensory quality when stored in ice

Lipid oxidation produces a number of substancesiesof which have unpleasant flavours and odours.eSom
may also contribute to texture changes, by forntiogalent bonds with muscular protethsThe Correlations
between the differences lipid parameters indexsam$ory attributes of untreated tilapia Fillet¢pat0.05) as
was shown in Table 3. Although not significant, TB&lues had very high inverse correlation with adur (r

= -0.81, p-value = 0.19) and off-flavour (r = -0,§8value = 0.17). TBA values also had moderatense/
correlation with overall acceptability (r= -0.39;vplue= 0.61) and texture(r= -0.50, p-value= 0.50).
agreement with these findings, Lubis and BucKleeported good correlations between TBA and tasiing
dried-salted sardines. Piccini et &l.also observed a close correlation between thenoteptic scores and the
oxidative rancidity in tuna loins and hake filletghether control or irradiated. The TBA variaticare showed

a very significant correlation with both fillet haedis (r = 0.61) and all the attributes evaluatetthénsensory
analysis (r = 0.82—0.98) of meagre fillets wereestarn ice at 4 C for 18 ddysHigher correlation coefficients
were observed between TBA and sensory scores wfefi{r > 0.974) than of wild samples (r > 0.74%)
According to Connell (1998) TBA values of 1-2 mg MDA K§ in fish muscle are associated with the
development of questionable flavours and odours.

A weak correlation was found between PV and offur@le=0.03, p-value= 0.97) and off-flavour(r= -0.38,

value= 0.74). However, a moderate correlation veamd between PV and overall acceptability (r= 0455,
value= 0.45) and texture (r= 0.43, p-value= 0.5as shown in Table 3. A close relationship betwibe

rancid odor development and the PV assessmentdeasdbtained in Cobia frozen fillets (r = 0.76) Taheri

and Motallebi®.

There was a strongly inverse and significant cati@h (p<0.05) of FFA values versus off-odour sedfre= -
0.98, p-value = 0.02). On the other hand, a stsoirglerse but not significant correlation was okedr for
FFA values versus off-flavour scores(r = -0.90,gb4e = 0.10). The FFA values had a very high imeers
correlation with overall acceptability (r = -0.§8value = 0.11) and texture (r = -0.95, p-value50p as shown
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in Table 3 .Our findings are in agreement with ¢has other authors who showed that there are tisé be
correlation values between sensory analysis and-H#e content. Thus, fair values were obtained fBAF
content when compared to odour, firmness and cqidur 0.82, f = 0.83 and & 0.83, respectively). FFA
formation has been reported to be strongly corelab lack of acceptabilit; according to previous research
where interaction with proteins leading to toughgnand enhancement of lipid oxidation developmerieh
been proposéd

Conclusions

Significant differences (p<0.05) in PV, TBA, FFAdaur, flavour, appearance, and overall acceptgbilit
parameters were observed between untreated anedifédkets during the 21 day storage period. Titahitory
effect of cumin was markedly higher in the FFA, TBAlues, flavour, and appearance for the treattdebra
than the untreated fillets. There was a stronglelise correlation at (p<0.05) of FFA values versuerall
acceptability, texture, off-odourand off-flavouroses in untreated fillets. These findings sugdest TBA and
FFA are more suitable indices for spoilage of tddlets. In our study, acidic, rancid and amnawdl odours
were not detected until day 21, when the TBA valas 0.30 and 0.27 mg MDA/kg lipid of cumin-treatetd
untreated tilapia fillets. Overall, the cumin-tre@ttilapia fillets maintained better quality comgarwith
untreated fillets during storage in ice, as thenkr achieved higher scores compared with the latter
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