
 Increased interest for enhancing food quality du-

ring storage, using affordable, natural solutions lead 

to studies assessing Nigella sativa for its antibacterial 

effect. The present study is focused on challenge tes-

ting of Nigella sativa fortified Cyprinus carpio fillets 

quality. The challenge testing involved accelerated 

tests at temperature conditions other than those anti-

cipated in the food industry (5-10°C), including stress 

temperature trial (exposure to storage temperature 

variations) for fresh carp fillet supplemented with 

0.6% v/w Nigella sativa seed oil (NSSO). 

 Bacterial growth and freshness indicators were 

monitored over two weeks, with testing at days 1, 3, 6, 

9 and 14. The carp fillets were divided into two groups: 

control group (C), without NSSO and test group (T), 

fortified with 0.6% v/w NSSO, which was further divi-

ded into 4 groups, subjected to different storage tem-

peratures: 3°C –group T1, 5°C –group T2, 7°C –group 

T3 and stress temperature trial (STT) –group T4.

 Group C (control) was stored at 0°C throughout 

the monitoring period. Freshness indicators (TVB-N 

and pH) as well as APC and coliform counts all suggest 

that NSSO fortification of carp fillets exposed to tem-

perature challenge testing and even to extreme stress 

temperature trial (STT), helps maintain the level of 

the analysed parameters close to those of control 

group. Most studies indicate 14-15 days of adequately 

refrigerated storage as maximum time frame for good 

quality fresh fish, while marginally acceptable pro-

ducts may be obtained by day 24-25 of 0-4°C storage.

 Our results indicate that, except for the coliform 

count criteria, all treatment groups are fit for con-

sumption by day 3 of storage (including the ST group), 

or by day 6 (except for the ST group). 

 This study shows promising results for the possible 

use of Nigella sativa seed oil, as a natural solution for 

promoting longer shelf life and better quality for cold-

stored fresh fish. 
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 Interesul sporit pentru îmbunătățirea calității ali-

mentelor în timpul depozitării, utilizând soluții natura-

le și la prețuri accesibile, conduce la studii de evaluare 

a chimenului negru (Nigella sativa) pentru efectul său 

antibacterian. Prezentul studiu se concentrează pe su-

punerea fileurilor de Cyprinus carpio, îmbogățite cu 

Nigella sativa, la teste de provocare termică. Testarea 

de provocare a implicat teste accelerate la temperaturi 

diferite de cele uzuale, anticipate în industria alimen-

tară (5-10°C), inclusiv teste de rezistență la tempera-

tură (expunere la variațiile de temperatură de depozi-

tare) a probelor de file de crap proaspăt, îmbogățit cu 

0,6% v/g ulei de semințe de Nigella sativa (NSSO).

 Indicatorii dezvoltării bacteriene și parametrii de 

prospețime au fost monitorizați timp de două săptă-

mâni, cu testarea în zilele 1, 3, 6, 9 și 14. Fileurile de 

crap au fost împărțite în două grupe: Grupul martor 

(C), fără NSSO și grupul de testare (T), îmbogățit cu 

0,6% v/g NSSO, care a fost împărțit în 4 subgrupe, su-

puse unor temperaturi de depozitare diferite: 3°C – 

grupa T1, 5°C – grupa T2, 7°C – grupa T3 și grupa 

supusă stresului termic (STT) – grupa T4. 

 Grupul C (control) a fost depozitat la 0°C pe toată 

durata monitorizării. Indicatorii de prospețime (TVB-N 

și pH), precum NTGMA și coliformii, sugerează că for-

tificarea cu NSSO a crapului expus la testul de provo-

care termică și chiar la testul de rezistență la stres ter-

mic (STT) contribuie la menținerea nivelului parame-

trilor analizați aproape de cei din grupul martor. Majo-

ritatea studiilor indică 14-15 de zile de depozitare cu 

refrigerare adecvată, ca interval de timp maxim pen-

tru peștele proaspăt de bună calitate, în timp ce pro-

dusele marginal acceptabile pot fi obținute până în zi-

ua 24-25 de depozitare cu temperaturi de 0-4°C.

 Rezultatele noastre indică faptul că, exceptând 

numărul de bacterii coliforme, toate grupele tratate 

sunt adecvate pentru consum în ziua 3 de depozitare 

(inclusiv grupul ST) sau în ziua 6 (cu excepția grupului 

ST). Acest studiu arată rezultate promițătoare pentru 

posibila utilizare a uleiului din semințe de Nigella sati-

va, ca soluție naturală pentru prelungirea duratei de 

depozitare și pentru obținerea unei calități mai bune 

pentru peștele proaspăt depozitat la rece.

Cuvinte cheie: pește proaspăt depozitat la rece, 

Nigella sativa, Cyprinus carpio, industria alimentară

QUALITY ASSESSMENT OF NIGELLA SATIVA FORTIFIED FISH FILLETS 

SUBJECTED TO TEMPERATURE CHALLENGE TESTING

EVALUAREA CALITĂȚII UNOR PROBE DE FILE DE PEȘTE ÎMBOGĂȚITE CU NIGELLA SATIVA 

ȘI EXPUSE LA TESTE DE PROVOCARE TERMICĂ
1)Mara GEORGESCU ,

1),*)Stefania Mariana RAITA  

Rev Rom Med Vet (2019) 29 | 4: 19-25                                                                                                                                                                 19

ISSN: 1220-3173;  E-ISSN: 2457-7618 

1) University of Agronomic Sciences and Veterinary Medicine,

    Faculty of Veterinary Medicine, Bucharest, Romania

*) Corresponding author: stefania.raita@yahoo.ro



20                                                                                                                                                                             Rev Rom Med Vet (2019) 29 | 4

Fish and aquaculture products have long been one of 

the most preferred commodities for consumers world-

wide. The EU household expenditure on fishery products 

has been steadily increasing, reaching a 15-year peak in 

2017 (6). The local Romanian fish and seafood market 

re-corded growth in sales over the last years. However, 

the fish consumption per capita in Romania will reach 

about 7 kg this year, which is three times lower than the 

EU average of 23 kg per capita (18). Fish products are 

sensibly more perishable than other types of meats and 

even than many other types of animal products. More-

over, the quality of fish flesh is substantially more diffi-

cult to control due to variations in species, sex, age, 

habitats and specific enzymes metabolism in the fish 

muscle (21). Being one of the most perishable types of 

meat, extending fish shelf life and enhancing quality 

parameters through-out storage using natural products, 

is the main focus of many research studies provided by 

recent scientific literature. The antimicrobial effects of 

Nigella sativa have extensively been studied in vitro (4) 

and in vivo (17) against various microorganisms such as 

Enterobacteriaceae, Staphylococcus, Streptococcus, 

Salmonella, Helicobacter, Listeria, Pseudomonas, Kleb-

siella, Proteus etc. Nigella sativa has been proposed as 

an antibacterial solution for various types of commodi-

ties, such as cheeses (7) and fresh fish (15).

Considering the promising studies indicating Nigella 

sativa as an efficient antimicrobial solution for some 

commodities (8, 10), we assessed its influence on the 

microbiological quality and freshness indicators of Cy-

prinus carpio fillets subjected to various regular and 

atypical cold storage temperatures, during two weeks 

storage time.

MATERIALS AND METHODS

The present study is focused on challenge testing of 

Nigella sativa fortified Cyprinus carpio fillets quality. The 

challenge testing involved accelerated tests at tem-

perature conditions other than those anticipated in the 

food industry (5-10°C), including stress temperature 

trial (exposure to storage temperature variations) for 

fresh carp fillet supplemented with 0.6% v/w Nigella 

sativa seed oil (NSSO).

Sample preparation

Cyprinus carpio weighing 1-2 kg/fish was caught 

during May 2019, in a private pond close to Bucharest, 

„Bila 2 Pond” (Naipu village, Ghimpați commune, Giur-

giu county). Fish were transported to the laboratory in 

Bucharest, in ice boxes. Sample preparation included 

gutting, filleting and washing. The carp fillets were divi-

ded into two groups: control group (C), without NSSO 

and test group (T), fortified with 0.6% v/w NSSO, which 

was further divided into 4 groups, subjected to different 

storage temperatures: 3°C ± 1°C – group T1, 5°C ± 1°C 

– group T2, 7°C ± 1°C – group T3 and stress tempe-

rature trial (STT) – group T4. The STT involved re-

moving the treatment group samples from the refrige-

rator set to 7 ± 1°C, and keeping them at room tempe-

rature (21-24°C) for 5 minutes, daily, throughout the 

monitoring period. Group C (control) was stored at 0°C 

± 1°C throughout the monitoring period. Each group of 

fish included 2-2.5 kg fillets.

NSSO (“Negriol”, Aghoras Invent SRL, Bucharest, 

Romania) was added to the surface of fresh carp (Cypri-

nus carpio) fillet samples in appropriate volume/ weight 

using a micropipette, followed by mildly massaging the 

oil onto each sample using a gloved hand, according to 

the method described by Ozpolat and Duman (2017) 

(15). Treatment groups were vacuum packed (using 

high barrier nylon polyethylene bags) in 5 bags for each 

treatment group (1 for each day of testing) and stored at 

designated temperatures until analysis. Bacterial growth 

and freshness indicators were monitored over two 

weeks, with testing at days 1, 3, 6, 9, and 14.

Microbiological analysis

A sample of 10 g of each treatment group was ta-

ken aseptically from the designated treatment group 

vacuum pack, transferred to a stomacher bag and 90 ml 

of sterilized peptone water 0.1% (1 g Difco Bacto-

peptone / 1000 ml deionized water with a pH of 7.4-7.5, 

autoclaved at 123°C for 15 minutes) was added. The 

mixture was homogenized for 60 seconds with a 

stomacher (Seward STO80 BA 6021) and thus the first 

dilution (D1) was obtained. Furthermore, 1ml of D1 was 

diluted with 9 ml 0.1% peptone water and vortexed 

(Scientific Industries G-560 Fisher Vortex Genie 2 Mixer) 

for the second dilution (D2). Similarly, D3-D7 dilutions 

were obtained. 

Serial dilutions of fish fillets homogenates were 
TMspread on the surface of Petrifilm  count plates. Coli-

TM forms enumeration was performed using 3M Petri-
TM TM film E. coli /Coliform Count Plate (Petrifilm EC, St. 

Paul, Minnesota, USA). Plating, incubation and inter-

pretation (counting on standard colony counter) were 

performed according to the AOAC Official Method 

991.14 for total coliforms (2). For coliform count, plates 

were incubated for 24 ± 2 h at 35° ± 1°C. Coli-forms 

appear as red colonies that have one or more gas 

bubbles associated (within one colony diameter) with 

them. All colonies in countable range (15–150 co-lonies) 

were counted. Red colonies without gas bubbles were 

not counted as coliform organisms. 

Total aerobic plate count (APC) was performed u-
TMsing the 3M Petrifilm  Aerobic Plate Count System (St. 

Paul, Minnesota, USA), according to AOAC Official Me-

thod 990.12, for Aerobic Plate Count in Foods (1).

Freshness indicators analysis

The pH of the samples was measured according to 
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an AOAC method (22). A total of 10g of sample (from 

each treatment group) was homogenized with 90 ml 

deionized water and the pH was measured with a digital 

pH meter (Fisher Scientific Accumet Basic). 

Total volatile basic nitrogen (TVB-N, mg/100g fish 

flesh) was determined by direct distillation of fish after 

the addition of the magnesium oxide (MgO), according 

to the Romanian Standard for the determination of the 

total volatile basic nitrogen in meat (19).

Data analysis

The study design included five batches of carp fillet 

samples: control group (without NSSO), stored at 0°C ± 

1°C (group C) and test groups T1-T4, test group (T), 

fortified with 0.6% v/w NSSO, and subjected to 3°C ± 

1°C (T1), 5°C ± 1°C (T2), 7°C ± 1°C (T3) and stress 

temperature trial (STT) – group T4. The five batches of 

samples were considered the treatments, which were 

analyzed at 1, 3, 6, 9 and 14 days of storage. Variance 

analysis of data was performed by One-way analysis of 

variance (ANOVA) using SAS (ANOVA ver. 9.1., SAS 

Institute Inc., Cary, USA, 2003). The threshold of sig-

nificance level between treatments was p < 0.05.

RESULTS AND DISCUSSIONS

TVB-N content

Initial values of TVB-N were within the range de-

scribed by recent publications, for Cyprinidae fish (16), 

there has been found an initial value of 4.57 mg/100g. 

Prabhakar et al. (2019) also communicated that TVB-N 

formations are influenced by storage temperature and 

duration. Kinetic parameters for Labeo rohita, a fish be-

longing to the Cyprinidae family, reported in their study 

were significantly (P ≤ 0.05) affected by storage tem-

peratures, reaching values of up to 46.56 ± 0.994 mg/ 

100g after 42 days of refrigerated storage (0-5°C) (16). 

Our results reveal that treatment groups T1-T3 have 

lower values of TVB-N, throughout the monitoring pe-

riod, despite the higher temperatures to which these 

treatments were subjected (Fig. 1). Only ST (stress 

temperature treatment group) exhibited higher values 

of TVB-N throughout the monitoring period. These fin-

dings suggest that fortification with NSSO might be 

associated with better fish quality, as reflected by the 

TVB/N content. As communicated by Oehlenschlager 

(1992), fish should be considered unfit for human con-

sumption when the concentration of TVB-N exceeds 30 

mg/100 g sample (14). According to the Commission 

Regulation, the total volatile basic nitrogen (TVB-N) limit 

values for certain categories of fishery products and 

analysis methods to be used, are established to 25 mg/ 

100g for Sebastes spp., Helicolenus dactylopterus, 

Sebastichthys capensis, 30 mg/100 g for species be-

longing to the Pleuronectidae family and 35 mg/100 g 

for Salmo salar, species belonging to the Merlucciidae 

family, and species belonging to the Gadidae family (5). 

As such, no specific limits are established concer-

ning TVB-N for Cyprinidae. Therefore, the value of 30 
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mg/100 g sample was considered the „fitness” for hu-

man consumption threshold for the purpose of this stu-

dy. As shown, all samples may be considered fit for con-

sumption according to the established maximum limit.

In addition to the observed lower values of TVB-N, 

associated with NSSO enriched samples subjected to 

temperature challenge,data analysis indicates that there 

is no significant difference between the treatment 

groups during the monitoring period of time, in terms of 

TVB-N content (The f-ratio value is 0.84263. The p-

value is 0.514514; the result is not significant at p < 

0.05), which proves that NSSO prevents significant ri-

sing shift of TVB-N, as normally expected with the in-

crease of storage temperature, or by exposure to stress 

temperature. Moreover, by comparing the control group 

and the ST group, data analysis fails again to find sig-

nificant differences (The f-ratio value is 0.98495. The p-

value is 0.350044. The result is not sig-nificant at p < 

0.05), which suggests that NSSO fortification of carp 

fillets exposed to stress temperature trial (STT), helps 

maintain the level of TVB-N content, within a range not 

significantly different from adequately stored NSSO-free 

fish.

pH trend

The initial values of the pH for all considered sam-

ples were lower (6.15-7) than pH values communicated 

for fish by other authors. According to Azam et al. 

(2004), the pH of the ten fresh fish varied between 

6.7±0.7 to 7.03±0.5 (3). Control samples followed a 

smooth rising pH shift along the monitoring period, rea-

ching a value of 6.45 at the end of the study. T1 and T3 

groups revealed lower pH compared to C group, up to 

day 9, and only after day 9 exceeded control group va-

lues, while T2 group followed an inconsistent fluctua-

tion of pH. On day 14, all treatment groups showed 

higher pH values than control (Fig. 2). However, at the 

end of study - differences between control group and T1-

T3 groups were low (up to 0.2 pH units), which suggests 

that NSSO fortification prevents the expected significant 

pH rise which would normally be associated with tempe-

rature challenge. Currently, there are no available legis-

lative criteria for pH maximum limits correlated with fit-

ness for consumption. Furthermore, no clear indicators 

are provided in international codes of practices. 

As correctly highlighted by Goncalves (2017) in his 

recent editorial, none of the international legislation, 

consisting of Codex Alimentarius (for frozen fish fillets), 

European Union Legislation (Chapter II - Official controls 

on fishery products), US Law (USFDA - Procedures for 

safe and sanitary processing, and importation of seafood 

and derivatives), or Canadian Law (CFIA - General stan-

dard for fresh and frozen fish), provides pH analysis as 

the freshness index, or includes any statement to if this 

parameter frames the seafood as unfit for consumption. 

The only regulated maximum admitted limits of fresh 

fish pH may be found in national Argentinean Legislation 

(Argentine Food Code) – which states that when pH > 

7.5, fish is classified as unfit for consumption and the 

current Brazilian legislation (RIISPOA), according to 

which the pH 7.0 should be adopted as the maximum 
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limit for condemnation (11). If we are to choose the 

lowest of the two values, as reference maximum ad-

mitted pH value for „fitness” for consumption, none of 

the samples in our study exceeds this limit and there-

fore can be considered fit for consumption from this 

point of view. Considering that all treatment groups 

comply with the admissibility limit for pH, we highlight 

again the role of NSSO in prolonging the shelf-life of fish, 

as proved by accelerated test conditions at stress tem-

peratures.

APC trend during storage

Cold storage trial tests described by recent publi-

cations for the Cyprinidae fish mention initial APCs of 

around 4 log CFU/g sample (13), lower than day 1 APCs 

revealed by the present study for all treatment groups 

(4.78-4.98 log CFU/g fish sample), including control 

(4.86 log CFU/g fish sample). However, if other authors 

found levels of up to approx. 5 log CFU/g sample for 10 

days ice storage and approx. 7 log CFU/g sample for 10 

days at 4°C, our results show that all treatment groups, 

including STT (Stress Temperature Treatment), or T4, 

do not exceed a maximum of 6.74 log CFU/g (for T4), by 

day 9 of storage (Fig. 3). This difference reveals an ob-

vious positive influence of NSSO supplementation, high-

lighted by lower APCs even for fish subjected to higher 

temperatures than expected in the food industry (>  

5°C) and also, even for fish samples subjected to the 

stress temperature challenge. All treatment groups re-

vealed higher APCs than the control group, but there 

were only minor differences (of up to 0.7 log CFU/g) 

(Fig. 3). The maximum microbiological limit for the total 

viable aerobic count (TVAC) which separates the good 

5quality products from bad quality is 5×10  CFU/g (12), 

namely 5.6989 log CFU/g. Good quality of fish commu-

nicated in similar research studies is associated with 

APCs of 5.44 log CFU/g, to 5.6901 log CFU/g (20). Our 

study points out that T1-T3 groups only exceed the 

maximum admitted limit for APC, between days 5-7 of 

storage, despite the challenge temperature trials to 

which they were subjected. The ST group exceeds the 

maximum APC value by day 3 (Fig. 3). Data analysis 

indicates that there are no significant differences in 

APCs between treatment groups throughout the moni-

toring period (the f-ratio value is 0.55037, the p-value is 

0.700941, the result is not significant at p<0.05), which 

strengthens the association of NSSO with effectiveness 

in maintaining the microbiological quality of fresh fish 

and prolonging its shelf-life. 

Li et al. (2012) found that APC of all samples signi-

ficantly (p<0.05) increased with storage time during the 

first 12 days, while towards the end of the storage pe-

riod, there were only minor changes (13). Therefore, the 

findings of our study, based on a 14 days monitoring 

period, may be considered relevant from this point of 

view, for the purpose of this research.

Coliforms count fluctuation during storage

Coliform count results clearly indicate that all treat-

ment groups (T1-T3 and ST) exhibit lower values than 

those of the control group (Fig. 4). Lower values were 

detected for all treatment groups starting with day 1, 

despite the expected trend associated with stress tem-

perature exposure. This situation was kept throughout 

the monitoring period, with no exception, for all treat-

ments. The difference between control and treatment 
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groups in terms of coliform counts ranged from 0.18 log 

CFU/g (ST and C groups at day 14), to 1.16 log CFU/g 

(T1 and C groups at day 14) (Fig. 4).

Data analysis indicates that the differences of coli-

form counts between the control group (C) and T1 group 

are statistically significant (the f-ratio value is 21.50173, 

the p-value is 0.001673, the result is signi-ficant at 

p<0.05). Since the temperature difference to which the 

samples in control and T1 treatment groups were sub-

jected was low (3°C), a significant better microbiological 

quality of T1 group may be accounted mainly for by the 

NSSO fortification of samples. However, even if the ST 

group exhibits lower coliform count throughout the stu-

dy, the fact that the differences between C group and ST 

group are not sta-tistically significant (the f-ratio value is 

2.07626, the p-value is 0.187575, the result is not signi-

ficant at p< 0.05) proves that NSSO fortified samples 

subjected to extreme temperature challenge, have mi-

crobiological quality similar to control group samples, 

which were not fortified and were kept at regular ice sto-

rage temperatures. The acceptable limits of total coli-

forms (TC) and faecal coliforms (FC) for fresh and frozen 

fish are <100 CFU/g and <10 CFU/g, respectively (12). 

The present study reveals that all treatment groups 

have coliform counts exceeding the 2 log CFU/g limit 

(Fig. 4). This may be due to the initial high coliform 

count of the samples. The presence of coliforms is a co-

mmon indicator of sewage contamination, or of faecal 

contamination which may occur during different proce-

ssing steps (transportation, handling, etc.) (9), or by 

contaminated washing or icing water. However, when 

compared to scientific literature similar research articles, 

the values of coliform counts found in this study and rea-

ched by all treatments throughout the monitoring pe-

riod, are not unusually high. In a study conducted by 

Sanjee and Karim (2016), the total coliforms count in 

frozen fish ranged from 5 CFU/g to 28 CFU/g and faecal 

coliforms count was from 3 CFU/g to 8.3 CFU/g (20), 

while the maximum coliform count in our study only rea-

ched 3.8 log CFU/g at the end of the 14 days of storage.

FAO recommends a 16-21 days shelf-life for ade-

quately refrigerated (on ice) carp, while for commerci-

ally refrigerated fish, while the use-by date is between 

3-4 days, and the sell-by date is as short as 1-2 days. 

Most studies indicate 15 days of adequately refrigera-

ted storage as maximum time frame for good quality 

fresh fish, while marginally acceptable products may be 

obtained by day 25 of 0-4°C storage (21). Very similar 

results are communicated by Li et al. (2012), who found 

carp samples to be acceptable after 16 days of storage 

at 4°C and 24 days of storage on ice (13). Our results in-

dicate that except for the coliform count criteria, all 

treatment groups are fit for consumption by day 3 of 

storage (including the ST group), or by day 6 (except for 

the ST group). This suggests that Nigella sativa may be 

considered an efficient solution for prolonging shelf-life 

and freshness of fresh fish.

CONCLUSIONS

Our results reveal that treatment groups T1-T3 have 

lower values of TVB-N, throughout the monitoring pe-

riod, despite the higher temperatures to which these 

treatments were subjected, thus suggesting that forti-

fication with NSSO might be associated with better fish 

quality, as reflected by TVB/N content.
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NSSO fortification of carp fillets exposed to stress 

temperature trial (STT), helps maintain the level of TVB-

N content, within a range not significantly different from 

adequately stored NSSO-free fish. Concerning pH, all 

treatment groups complied with the admissibility limit, 

thus strengthening the role of NSSO in prolonging the 

shelf-life of fish, as proved by accelerated test conditions 

at stress temperatures. Moreover, there were no signifi-

cant differences in APCs between treatment groups 

throughout the monitoring period, which proves again 

the association of NSSO with an effectiveness in main-

taining the microbiological quality of fresh fish and pro-

longing shelf-life. In terms of coliform contamination, all 

samples had initial coliform counts exceeding the 2 log 

CFU/g limit, and counts maintained above the limit 

throughout the study for all treatments. However, coli-

form count results clearly indicate that all treatment 

groups (T1-T3 and ST) exhibit lower values than those 

of control group, despite the expected trend associated 

with stress temperature exposure. This study shows 

promising results for the possible use of NSSO as a na-

tural solution for promoting longer shelf life and better 

quality for cold-stored fresh fish.  
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