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Abstract: Salting is a traditional process to preserve food, while news species have been salted showing good results. However, salt 
accelerates lipid oxidation, influencing shelf-life of salted products. Using of antioxidants increases salted and/or desalted products 
shelf-life. Among the antioxidants employed in food industry spices have shown satisfactory results. In this work aqueous basil 
extract (Ocimunbasilicum) in pintachara salt was used. Pintachara is a hybrid of pintado and cachara (genus Pseudoplatystoma) 
whose flesh is much appreciated, being desirable to develop new product of this fish. The aqueous basil extract was used in a brine 
salt, and process was carried out with a control treatment. Samples were obtained during salting in 1, 14, 24, 36, 48 hours. In each 
sample period it analyzed moisture, water activity, salt content e TBARS. The aqueous basil extract interfered in salting processes 
and showed antioxidant action in this process. Practical applications: Brazilian consumers appreciate salted fish, as influence of 
Portuguese culture. There are some typical regional products, such as the pantaneiro cod, which consists on catfish from Pantanal that 
is salted as cod. The development of hybrids from native fishes in aquaculture leads to higher lipid content in the hybrids and the 
addition of natural antioxidants during salting process increases the product shelf-life and keeps the sensorial properties. 
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1. Introduction 

Salting of fish is a traditional preservation method 

that has been used for centuries. The salt processing 

consists of transporting salt into food structures while 

water flows away of them [1]. Due to changes during 

salting in tissue structure and composition, salting 

enables a stable food production, which can be 

conserved for months [2]. Salt, as drying, reduces 

water activity [3, 4]. Water activity includes free water, 

water bounds ions, proteins and carbohydrates [5]. 

Water activity value represents strength intensity that 

links water to non-aqueous components [6]. 

Dry salted Atlantic cod (Gadusmorhua) is one of 

the largest export products from Iceland and Norway 

and the major markets are in Southern Europe and 

Latin America [7]. Others species proved suitable and 
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are salted as herring [8, 9]; anchovy [10]; tuna [11] 

and Nile tilapia [12, 13]. Traditionally, in the Pantanal 

region (Brazil), catfish of the genus Pseudoplatystoma 

are salted, being marketed as “bacalhau pantaneiro”. 

Pseudoplatystoma species are considered to be 

high-quality products, which occupied a large portion 

of Brazilian fish market due to their meaty features, 

such as attractive coloration, firm texture, subtle taste, 

low fat content and absence of intramuscular spines, 

they are adequate for a wide range of recipes and 

process [14]. 

The artificial production of interspecific hybrids 

consists in a classical method of genetic improvement 

for aquaculture programs [15]. Pintachara is a hybrid 

between catfish species, a female of 

Pseudoplatystoma corruscans (pintado) and a male of 

Pseudoplatystoma reticulatum (cachara) [16]. These 

hybrids have advantages in aquaculture compared to 

your parenting as better growing [17]. The hybrid 
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pintachara has a lipid content of 20% and 50% higher 

when compared to the unhybridized fish pintado and 

cachara, respectively from rivers, i.e. wild and 

cultivated.  

Lipid oxidation depends on different factors, such 

as amount of lipid present, the degree of unsaturated 

fatty acids in the muscle, salt composition and 

conditions during salting and storage [18]. Salt 

increases lipid oxidation [3].  

Crude extracts of fruits, herbs, vegetables, cereals, 

and other plants materials rich in phenolic are 

increasingly of interest in the food industry because 

they retard oxidative degradation of lipids and thereby 

improve the quality and nutritional value of food [19]. 

Salt increases lipid oxidation [3]. 

Basil (Ocimum basilicum), a member of the 

Lamiaceae family, is known as aromatic plant and 

medicinal plant and is widely cultivated in many 

countries [20, 21]. Basil has high levels of 

antioxidants and its extract could be an interesting 

source of natural antioxidants [22]. 

The purpose of this study was to verify the 

antioxidant effect of aqueous extract of basil in mass 

transfer phenomena, based on analysis and changes in 

pintachara properties throughout salting process. 

2. Materials and Methods  

2.1 Materials 

2.1.1 Fish Samples 

Pintachara reared at the Mar & Terra were 

slaughtered and then degutted and beheaded. After the 

fish were frozen at -20 °C, frozen fish was cut into 

two parts (bands) and for cutting bone a band saw 

machine (CAF, Rio Claro, Brazil) was used. The thaw 

was carried out in refrigerator for 24 hours. 

2.1.2 Aqueous Extract 

Basil was purchased in a local market. Plants were 

stored at 4 ºC until added 50 g of leaves to 1 L of 

distilled water in blender (Arno, São Paulo, Brazil). 

After, the extract was strained through a sieve plastic. 

2.2 Methods 

2.2.1 Salting  

Bands were cut in pieces with approximately 100 g 

each. Salting was carried out using 2 treatments (with 

and without basil extract) with 3 repetitions (5 fillets 

each). Brining salting was carried out for 1 hour. 

Brine was prepared in the proportion of 400 g of fine 

salt to 1 L of water. Two treatments were carried out, 

with and without basil extract (10% of extract in 

brine). The next step was the pile salting. Salt was in a 

proportion of 1/3 of fine salt to 2/3 of coarse salt. 

Fillets were covered in alternating layers of fish and 

salt. The liquid extracted from muscle was allowed to 

drain away. The experiment was carried out for 48 

hours and samples were collected in 1, 14, 24, 36 and 

48 hours to analyze. 

2.2.2 Chemical Analysis 

Lipids were extracted using the method described 

by Folch, Lees & Sloane Stanley [23]. After 

extraction, lipids were esterified according to Hartman 

& Lago [24]. Gas chromatography was performed 

using a gas cromatograph (Shimadzu, Kyoto, Japan) 

equipped with a fused silica capillary column 

Supelcowax 10, 30 m, 0.25 mm internal diameter 

(Sigma‑Aldrich Co. St Louis, MO, USA), a flame 

ionization detector, and a split injector. Moisture 

content was determined using method specific for fish 

(952.08) [25], drying for 4 hours in stove at 105 °C. 

Lipid oxidation was assessed by measuring 

2-thiobarbituric acid reactive substances (TBARS) 

with the extraction method described by Vyncke [26]. 

In this method malonaldehyde (MDA) forms a 

complex with 2-thiobarbituric acid (TBA). This 

complex was determined at 532 nm in a 

spectrophotometer (UV Mini 1240, Shimadzu, Tokyo, 

Japan). Aw was measured at 25 °C using an water 

activity meter model 3TE (Aw 0.100-1.000±0.003, 

Decagon Devices, USA). Samples were digested by 

nitric acid. Afterwards, sodium content was measured 

by atomic emission spectrometry using equipment 

Shimadzu, AA-6800, which uses quantitative 
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measurement of the optical emission form excited 

atoms to determine analyte concentration. To calculate 

sodium in chloride, the conversion factor is 2.54.  

2.2.3 Statistics 

Regression analysis and the obtained quadratic 

polynomial regression with equation are: 

y = ax2 +bx + c 

where y is the analyzed parameter (Aw, moisture, 

NaCl content or TBARS) and x is the salting time in 

hours. 

3. Results and Discussion  

The lipid content of the pintachara is high, 

approximately 10% (Table 1). This fact facilitates the 

lipid oxidation during salting. The wild fish of the 

Pseudoplatystoma species have a great variation of the 

lipid contents according to the seasonality, sex, age 

and available feeding. For example, in the wild 

cachara was found a lipid variation between 0.37% 

and 8.06% [27]. 

The fatty acid composition of “pintachara” flesh 

(Table 1) follows the pattern described by Strobel, 

Jahreis & Kuhnt [28] for farmed fish, in which main 

lipid sources of feed are vegetable oils. Several studies 

have confirmed an increase of C18 fatty acids in the 

fillet of farmed fish through the use of vegetable oils 

in the feed [28-30]. In the present work the C18, oleic 

acid (C18:1 ω9) and linoleic acid (C18:2 ω6) fatty 

acids represent half of the fatty acids identified. The 

higher amount of oleic acid in farmed samples is due 

to its dominance in the commercial feed [31].  

For Aw there is an evident difference between 

treatment and control, with treatment showing Aw 

values lesser than control, probably because basil 

extract has influenced water outflow (Fig. 1A). 

Nevertheless, moisture contents had almost the same 

results to both (Fig. 1B). Salt concentration in the 

muscle of pintachara increased throughout the brining 

process and affected both brining time and the basil 

aqueous extract addition (Fig. 1C). TBARS value has 

changed during salting process due to salt being a 

pro-oxidant, but samples with basil extract had lower 

values and showed a delay when compared to control 

(Fig. 1D). This is caused probably by antioxidants 

substances present in basil leaves. Aqueous extract of 

basil possessed a strong antioxidant activity, because 

this extract contains a highest amount of total phenolic 

contents and flavonoids [22, 32]. 

The R2 for samples with and without basil (Table 2) 

explains respectively 21.1% and 44.3% for Aw, 30.1% 

and 57.4% for moisture content, 41.3% and 25.8% for 

salt content and finally, 28.3% and 52.8% for TBARS. 

The low R2 is related with external factors which 

influence analyzed results. Size and thickness could 

influence salt distribution and water flow output [5]. 

High fat content also influences water entrances for 

retarding water transfer due to their hydrophobic 

nature [5]. Second other strengths beyond diffusion [1] 

are responsible for mass transfer, as pressure gradients, 

water holding capacity, protein denaturation. As 

salting process reaches equilibrium strength evolved 

weakens [1]. 

The parameters analyzed decreased quickly in the 

first hours, mainly in the first 3-5 hours, similar to 

those obtained by other authors as Barat and 

co-workers [1] and Medina-Vivanco and co-workers 

[12]. In a  second  phase,  mass transfer  rates decrease 
 

Table 1  Fatty acid composition of pintachara fish muscle 
(expressed as weight percent of total fatty acids).  

16:0 21.17 ± 0.16 

18:0 8.65 ± 0.10 

16:17 3.47 ± 0.06 

18:19 35.47 ± 0.03 

20:19 1.60 ± 0.14 

18:26 13.71 ± 0.04 

20:46 1.23 ± 0.04 

18:33 0.87 ± 0.01 

20:53  0.89 ± 0.04 

22:63 3.48 ± 0.20 

Lipids 9.69 ± 0.84 

Moisture content 73.91 ± 0.73 
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