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Material and methods

Meat quality parameters

pH 

The ultimate pH (pHu) measurement, at 48 h post mortem, was established using the dispersed phase method developed by Jeacocke (1977). Approximately 2.5 g of finely minced meat was homogenized for 30 seconds, by means of an Ultraturrax device, in 25 ml of sodium iodoacetate (5 mM) and 18 ml of potassium chloride (150 mM), previously equilibrated at pH 7 with the aid of a potassium hydroxide solution (0.1 N) and of hydrochloric acid (0.1 N). The pH of the homogenate sample, which was previously calibrated using buffer solutions at pH 4 and 7, was determined using a pH meter (Jenwey 3519; Electrode 924001). The values of 2 replicates were considered, and their mean was subsequently utilized.

Color

The meat color was measured at room temperature (20°C) on the inner surface of the Pectoralis major muscle using a portable colorimeter Chroma Meter CR-400 Konica Minolta Sensing device (Minolta Sensing Inc., Osaka, Japan). The color measurements were reported in terms of lightness (L*), redness (a*) and yellowness (b*) in the CIELAB color space model (Commission Internationale de l'Éclairage, 1976). The values were recorded for CIE standard illuminant D65 and the CIE 2° standard observer. The color values were obtained considering the average of three readings per sample.

Drip loss

A sample weighing about 80 g (approximately 7 × 4 × 3 cm), obtained from the cranial portion of each fillet, was individually weighed and suspended in a plastic box at 2 to 4°C. After 48 h, the samples were blotted to remove the excess surface fluids, reweighed and the drip loss was determined as the percentage of weight lost by the sample during the refrigerated storage period (Petracci and Baéza, 2011).

Cooking loss 

After determination of the drip loss, the meat samples were weighed individually, packaged in a plastic bag under vacuum, and cooked by immersion in a water bath (80°C) until their final internal temperature reached 80°C, according to the recommendations of Petracci and Baéza, (2011). The cooked samples were cooled under running water for 30 min. The samples were then removed from the bags, blotted and weighed. The cooking losses were determined by calculating the difference in weight of the samples before and after cooking and they were expressed as percentages of the initial weight.

Allo Kramer shear force

Shear values were determined using a TAHDi Heavy Duty texture analyzer (Stable Micro Systems Ltd., Godalming, Surrey, the UK), equipped with an Allo-Kramer shear cell, using the procedure described by Sams et al. (1990). One meat sample (approximately 2 × 4 × 1 cm) from each sample used for the cook-loss determination was cut, parallel to the muscle-fiber direction, weighed, and sheared with the blades at a right angle to the fibers using a 250-kg load cell and a cross head speed of 500 mm/min. The shear values were reported as kilograms of shear per gram of sample.

Fatty acid profile

Fatty acids (FA) were determined as previously reported by Glass and Cristopherson (1969). In short, 250 µg of lipids and 500 µl of the methylating solution (KOH/methanol 2 N) were put into a vial containing 5 ml of hexane and 1 g of anhydrous sodium sulphate. The vial was mixed for 30 s and placed in a water bath at 40 °C for 15 min. The sample was then stirred and cooled on ice. The upper phase, containing fatty acid methyl esters (FAME), was collected and used for the separation of the FA using a Shimadzu GC17A gas chromatograph (Shimadzu Corporation, Tokyo, Japan) with a WP-4 Shimadzu integration system, equipped with a Varian CPSIL88 capillary column (100 m long, 0.25 mm i.d., 0.20 mm thick film) (Varian, Walnut Creek, CA, USA) and a flame ionization detector. The operating conditions of the gas chromatograph were as follows: the oven temperature was kept at 170°C for 15 min, increased to 190°C at a rate of 1 °C/min, then increased to 220°C at a rate of 5°C/min, and kept at this temperature for 17 min. The temperature of the injector and detector were 270°C and 300°C, respectively. Helium was used as the carrier gas at a constant flow rate of 1.7 mL/min. The identification of the individual FAs was carried out using PUFA-2 fatty acid methyl ester standards (Matreya, Pleasant Gap, PA, the USA), and FA quantification was obtained using methyl nonadecanoate 98% (C19:0) (Sigma, Saint Louis, the USA) as the internal standard, which was added prior to lipid extraction. The results were expressed as a percentage of each individual FAME per total FAME detected. 

The atherogenicity (AI) and thrombogenicity (TI) indexes were calculated according to Ulbricht and Southgate (1991) as follows: 

AI = (C12:0 + 4 × C14:0 + C16:0) / [(Σ MUFA + Σ n-6) + Σ n-3)]

TI= (C14:0 + C16:0 + C18:0) / [(0.5 × Σ MUFA + 0.5 × Σ n-6 + 3 × Σ n-3) + (Σ n-3) / Σ n-6)]

where MUFA are monounsaturated fatty acids.

Heavy metals and arsenic

The chromium, iron, cobalt, nickel, copper, zinc, selenium, arsenic, lead, cadmium and mercury concentrations in the HI larva meal and breast meat were determined by means of the accredited test MI 351 Rev. 1/2015 (UNI EN 13804:2002, UNI EN 15763:2010 and UNI EN 13805:2014). Aliquots of the samples (0.5 g) were weighed in allotted digestion vessels and a mixture of deionized water, nitric acid and hydrogen peroxide was added. The vessels were capped and the contents digested under high temperature and pressure using a single reaction chamber microwave digester system. The resulting solutions were transferred to pre-marked, acid-cleaned, plastic test tubes and diluted with deionized water. The metal content was determined by means of the ICP-MS technique (inductively coupled plasma spectrometry). Multi-element measurements were made using an Agilent 7700x ICP-MS (Agilent Technologies) with a collision cell.
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