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ABSTRACT 

The objective was to determine apparent metabolizable energy (AMEn) and apparent ileal digestibility (AID) 

of amino acids in giant squid (Dosidicus gigas) (GSM) meal, as a protein alternative in diets for broilers. 

Experiment 1: in GSM the AMEn and the AID of its amino acids were determined. Ninety-six chickens were 

fed a diet with 8 and 16% GSM for 21 days of age. Experiment 2: 72 chickens were fed with 16 and 20% 

GSM in the diet for 42 days. Productive parameters, carcass yield, skin color and flavor meat were 

evaluated. Results: AMEn was 3376.15 kcal/kg and AID of amino acids greater than 68%, except histidine 

(21%) and cysteine (47%). Weight gain and final weight were reduced with 16% GSM (P < 0.05) compared 

to the control at 21 days of age, however at 42 days no differences were detected (P > 0.05) between 

treatments with 16 and 20%, both in the productive parameters and in carcass yield and chicken weight (P 

> 0.05). The taste of the meat was not affected by GSM (P > 0.05). It is concluded that GSM is an alternate 

source of protein in diets for broilers. 

Keywords: Squid meal, metabolizable energy, apparent ileal digestibility, broilers.  

RESUMEN 

El objetivo fue determinar la energía metabolizable aparente (EMAn) y digestibilidad íleal aparente (CDI) 

de aminoácidos en la harina de calamar gigante (Dosidicus gigas) (HCG), como alternativa proteica en 

dietas para pollos de engorda. Experimento 1: en la HCG se determinó la EMAn y el CDI de sus 

aminoácidos. A 96 pollos se les proporcionó dieta con 8 y 16% de HCG durante 21 días de edad. 

Experimento 2: 72 pollos fueron alimentados con 16 y 20% de HCG en la dieta, durante 42 días. Variables 

productivas, rendimiento de canal, color de piel y sabor fueron evaluados. Resultados: EMAn fue 3376.15 

kcal/kg y CDI de los aminoácidos mayor a 68%, excepto histidina (21%) y cisteína (47%). Ganancia de 
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peso y peso final se redujeron con 16% HCG (P < 0.05) respecto al testigo a los 21 días de edad, sin 

embargo, a los 42 días no se detectaron diferencias (P > 0.05) entre tratamientos con 16 y 20%, tanto en 

las variables productivas como en rendimiento de la canal y peso de pollos (P > 0.05). El sabor de la carne 

no se vio afectado por HCG (P > 0.05). Se concluye que la HCG es una fuente alterna de proteína en dietas 

para pollos de engorda.    

Palabras clave: Harina de calamar, energía metabolizable, digestibilidad íleal aparente, pollos de 

engorda. 

INTRODUCTION 

In Mexico, chicken meat production in 2020 was 3.952 million tons, representing two thirds 

of total meat consumption. Poultry farming constitutes 38.8% of the activities generating 

protein (meat) for human consumption (31 kg/per capita) (UNA, 2021), and has played an 

important role in the family, especially during the pandemic, thus contributing to the 

welfare of the population. On the other hand, the annual production of balanced animal 

feed in the last 4 years has maintained 4% growth, which covers the demand required to 

guarantee quality animal protein for Mexicans. The Global Feedstuffs Survey mentions 

that Mexico, at the end of 2020, climbed to the 5th position worldwide with a production of 

38 million MT (Alltech, 2021; CONAFAB, 2021). 

Within the total production price, feed is the item with the greatest impact, representing 

approximately 63% of costs (UNA, 2021). Therefore, industries dedicated to feed 

formulation are in a constant search for economically viable resources that do not sacrifice 

diet quality and, therefore, production variables (UNA, 2021). One of these possible 

resources could be giant squid meal (Dosidicus gigas), a cephalopod distributed 

throughout the American continent from California, United States, to southern Chile. 

Studies indicate that it has a high protein content, but the information that has been 

published on this aspect and others is scarce; in fact, it is not known how available this 

protein is for birds. Worldwide, Mexico is among the leading countries in giant squid 

(Dosidicus gigas) production (2.598 MT), with Sinaloa State being the main producer with 

1.600 MT (De la Cruz et al., 2011). 

Squid consumption in Mexico is estimated at 0.53 kg/year/per capita, which represents 

3.8% of seafood consumption, far below countries such as South Korea, Japan and Spain 

that consume more than 3.5 kg/year/per capita/year, as this is a product with high protein 

content, fatty acids and low cost (De la Cruz et al., 2011). There is another market 

segment that can give added value to the squid fishery, this is to use the viscera and other 

parts of the squid or the whole specimen that does not meet the quality characteristics for 

human consumption for the production of meal for animal consumption, considering that 

this meal is a source of protein and fatty acids (Calvo et al., 2016). Therefore, the objective 

of this research was to determine the metabolizable energy content and apparent ileal 

digestibility of amino acids of giant squid (Dosidicus gigas) meal to be incorporated as an 

alternative source of protein in broiler diets. 
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MATERIAL AND METHODS 

The protocol was approved by the Institutional Committee for the Care and Use of 

Experimental Animals (CICUAE-FMVZ-UNAM) (approval: MC-2017/2-25) (NOM-062-

ZOO-1999). Experiments were conducted at the Center for Teaching, Research and 

Extension in Poultry Production of the FMVZ, UNAM, in Mexico City. 

 

Chemical analysis of giant squid (Dosidicus gigas) meal (GSM) 

GSM was obtained from whole squid specimens (mantle, fin, tentacles, feather and 

viscera), caught in Santa Rosalia, Baja California Sur, Mexico. Laboratory determinations 

were carried out by the techniques described in AOAC (2019); true protein (Tejada, 1992); 

amino acid profile quantification by HPLC using the AccQ-TAG Waters (1993) method 

and non-protein nitrogen (NNP) by the formula: 

 

% 𝑁𝑁𝑃 = % N soluble − N true soluble 

 
Diet preparation and biological assay  

Three sorghum plus soybean paste based diets were formulated according to the 

nutritional requirements of the Ross 308 strain (Aviagen, 2014) for broilers up to 3 weeks 

of age. Soybean paste was partially substituted with GSM at 8 and 16% using Nutrition 

for WindowsTM software (version 5.0 Pro.) (Table 1).  

 

Ninety-six Ross 308 mixed broilers of 1-day-old were used, distributed in a completely 

randomized design of 3 treatments with 4 replicates each. Birds were housed in battery 

cages at a density of 8 birds (4 males and 4 females) per replicate. Feed and water were 

freely available for 21 days.  

 

Productive variables, GSM metabolizable energy and apparent ileal digestibility 

(AID) of GSM amino acids 

A weekly record of weight gain (g), feed intake (g/bird) and feed conversion ratio (kg:kg) 

was kept. Excreta were collected on the last 3 days of the experiment, dried (60 °C/24 h) 

and ground. Both diets and excreta were subjected to gross energy determination by 

calorimetric pump, Parr 1341 Series, Parr Instrument Company, USA. To calculate the 

apparent metabolizable energy (AMEn) corrected to zero nitrogen balance, it was 

considered that if nitrogen is not retained it will appear as uric acid excreted in urine and 

that 1 g of N excreted as uric acid is equivalent to 8.22, a factor used to make the 

correction (Potter et al., 1960).  
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Table 1. Dietary composition (kg/t) of experiment 1 for chicks from 1 to 21 days of age 

Ingredients Control 
Diet (CD) 

 CD + 8%  

GSM 

 CD + 16%  

GSM 

Sorghum 543.929  573.053  605.952 
Soybean paste 369.205  317.183  264.413 
Squid meal 0.000  29.530  59.100 
Vegetable oil 35.307  29.353  22.183 
Calcium phosphate 17.605  16.058  14.498 
Calcium carbonate 14.744  15.780  16.822 
DL-Methionine 99%. 4.248  3.985  3.720 
Salt 3.823  3.968  2.242 
L-Lysine HCl 3.016  2.062  1.124 
Titanium Dioxide 3.000  3.000  3.000 
Vitamin and mineral 
premix1 

3.000  3.000  3.000 

L-Threonine 1.146  1.168  1.192 
Coccidiostat2 0.500  0.500  0.500 
L-Arginine 0.203  1.085  1.980 
Antioxidant3 0.150  0.150  0.150 
Enradin®4 0.125  0.125  0.125 
Total 1000  1000  1000 
Calculated analysis (g/kg)      

Crude Protein 23  23  23 
ME (kcal/kg) 3000  3000  3000 
Total Methionine 0.738  0.720  0.702 
Methionine + Cysteine 1.080  1.080  1.080 
Lysine 1.440  1.440  1.440 
Threonine 0.970  0.970  0.970 
Tryptophan 0.302  0.302  0.302 
Arginine 1.520  1.520  1.520 
Total Calcium 0.960  0.960  0.960 
Available phosphorus 0.480  0.480  0.480 
Sodium 0.160  0.160  0.160 
1 Vitamin and mineral premix: Vitamins: A, 4.667 kUI; D3, 1.500 kUI; E, 23.333.5 mg; K3, 1333.275 mg; 

B1, 1000.04 mg; B2, 3666.4; B6, 1333.32; B12, 8.33 mg; nicotinamide, 26,667 mg; pantothenic acid, 

8.333.1 mg; folic acid, 666.4 mg; biotin, 66. 7; choline chloride, 199,999.8 mg; Minerals: Cu, 5000 mg; Fe, 

26,666.8 mg; Mn, 41,333.54 mg; I, 400 mg; Zn, 36,666.72 mg; Se, 100 mg; CaCO3, 216 mg; mineral oil, 5 

g; vehicle q.s. 1,000 kg. 2 Nicarfeed® (HELM de México, S.A.); nicarbazin at 25%. 3 Feed OX® (Dresens 

Química S.A. de C.V.); BHA (Butylated Hydroxyanisole), 1.2 %; BHT (Butylated Hydroxytoluene), 9.0 %; 

Ethoxyquin, 4.8%; chelating agents, 10 %: excipient q.s. 100 %. 4 Enradin® (MSD): 80g/kg enramycin 

 

 

 

 

 

 

 

 

mailto:abanicoveterinario@gmail.com


ABANICO VETERINARIO E-ISSN 2448-6132  abanicoveterinario@gmail.com 
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario 
Creative Commons (CC BY-NC 4.0)  

 5 
 

 

The following equations were used for these calculations: 

𝐴𝑀𝐸𝑛 (𝑘𝑐𝑎𝑙 𝑝𝑜𝑟 𝑘𝑔) = 𝐸𝑀𝑡 −  
𝐸𝑀𝑡 − 𝐸𝑀𝑖

𝐼𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜
 

Where: 

𝐸𝑀𝑡 𝑜𝑟 𝐸𝑀𝑖 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑑 − (𝐸𝑛𝑒𝑟𝑔𝑦 ℎ + 8.22  𝑁 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑) 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑑 = 𝑖𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑑𝑖𝑟𝑒𝑐𝑡𝑙𝑦 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑎𝑙𝑜𝑟𝑖𝑚𝑒𝑟𝑖𝑐 𝑢𝑛𝑖𝑡 

𝐸𝑛𝑒𝑟𝑔𝑦 ℎ = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑚𝑔 𝑜𝑓 𝑒𝑥𝑐𝑟𝑒𝑡𝑎 × 
𝐷𝑖𝑒𝑡𝑎𝑟𝑦 𝑚𝑎𝑟𝑘𝑒𝑟

𝐹𝑒𝑐𝑒𝑠 𝑚𝑎𝑟𝑘𝑒𝑟
 

𝑁 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 = 𝑁 𝑝𝑒𝑟 𝑚𝑔 𝑜𝑓 𝑑𝑖𝑒𝑡 − 𝑁 𝑝𝑒𝑟 𝑚𝑔 𝑜𝑓 𝑒𝑥𝑐𝑟𝑒𝑡𝑎 ×  
𝐷𝑖𝑒𝑡𝑎𝑟𝑦 𝑚𝑎𝑟𝑘𝑒𝑟

𝐹𝑒𝑐𝑒𝑠 𝑚𝑎𝑟𝑘𝑒𝑟
 

Where: EMt: Metabolizable energy per mg of control diet; EMi: Metabolizable energy per 

mg of inclusion diet; Energy d: Energy per mg of diet; Energy h: Excreta energy per mg 

of diet; Retained N: Retained nitrogen (expressed in mg) per mg of diet. 

At 21 days of age, chicks were sacrificed by the cervical dislocation method (NOM-033-

ZOO-1995). Contents of the ileum (from the portion of the intestine bounded by the 

vitelline diverticulum to 2 cm before the cecal bifurcation) were extracted (Widyarante & 

Drew, 2011), oven dried (60°C/36 h), ground and amino acid profile analysis was 

performed by ion exchange chromatography MME-AA-01 and MME-AA-02 and for 

tryptophan A-0099-007/11 (INCMNSZ, 2011). 0.3% TiO2 was incorporated into the diets 

as an indigestible marker and determined in the excreta by spectrophotometry (SP6-

500UV spectrophotometer, UK) (Jagger et al., 1992). Once the results of the amino acid 

profile (of the diets, ileal content and TiO2) in excreta were obtained, the AID coefficients 

of the amino acids proposed by Lemme et al., (2004) were calculated: 

 

 
 

𝐷𝐼𝐴 (%)  =  100 – [ 
(𝑀 𝑑𝑖𝑒𝑡 𝑥 𝐴𝐴 𝑒𝑥𝑐𝑟𝑒𝑡𝑎)

(𝑀 𝑒𝑥𝑐𝑟𝑒𝑡𝑎 𝑥 𝐴𝐴 𝑑𝑖𝑒𝑡)
𝑥100] 

 

Where: M diet and M excreta = marker in the diet and excreta, respectively (expressed in 

dry matter and g/kg); AA diet and AA excreta = amino acids in the diet and excreta, 

respectively (expressed in dry matter and g/kg). The correction for NNP to the digestibility 

coefficients was made by subtracting from the proportion of GSM in the diet the 

percentage of this component.  

Statistical analysis 

The results obtained for the productive variables were analyzed using a completely 

randomized design, with a significance level of 95% (Kuehl, 2001). Differences between 

means were compared by Tukey's test with a P < 0.05 using the JMP Ver. 8 program. 

 

Recovery indicator (%) = Indicator excreted 
Indicator consumed 

x 100 
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Experiment 2 

Before formulating the diets, an amino acid profile analysis of the ingredients (soybean 

paste, corn and GSM) was performed by Near Infrared Spectroscopy (NIR) (AMINONIR® 

Portable, Germany) (AMINODat, 2016). Three diets based on corn plus soybean paste 

were formulated according to the nutritional requirements of the Ross 308 strain (Aviagen, 

2014) partially replacing soybean paste with GSM (16 and 20%) for 3 phases: initiation, 

growth and finishing (Table 2). For the formulation, protein, AMEn and digestible amino 

acid values of GSM obtained from the results of experiment 1 were used, using the Nutrion 

WindowsTM program (Version 5.0 Pro). Seventy-two Ross 308 broilers of 1-day-old (36 

females and 36 males) were used, distributed in a completely randomized design in 3 

treatments with 4 replicates each. Chicks were housed in battery cages, with a density of 

6 birds per replicate (3 males and 3 females). Water and feed were freely available during 

42 days of the trial. 

 

Productive variables and carcass yield, in vivo skin yellowing and sensory 

evaluation of meat 

Weight gain (g), feed intake (g/bird) and feed conversion ratio (kg:kg) were recorded. At 

the end of the trial, all animals were slaughtered according to the methods described in 

the Mexican Official Standard for evaluating hot carcass yield (expressed as a percentage 

of live weight) (NOM-033-ZOO-1995). The eviscerated carcasses were then frozen (-

20°C) for subsequent sensory evaluation. Skin pigment was measured in all chickens on 

day 42 before slaughter, in the right costal apterylic area with a Konica Minolta Model CR-

400®, USA reflectance colorimeter according to the CIELab system, reporting the values 

of L, a* and b* (Martínez, 1996).  

Thirty regular consumers of chicken meat participated in the sensory evaluation. Breast 

and leg plus thigh were cooked without salt for 45 minutes/85°C, shredded and placed on 

plates previously identified with random numbers to carry out a taste acceptance test with 

a 5-point hedonic scale: 1 likes a lot, 2 likes a little, 3 indifferent, 4 dislikes a little and 5 

dislikes a lot (Pedrero & Pangborn, 1989). 
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Table 2. Composition of the diets of experiment 2 

 Initiation (1-10 days) Growth (11-24 days) Finalization (25-42 days) 

Ingredient Control 
diet 
(CD) 

CD+16
% GSM 

DT+20% 
GSM 

Control 
diet 
(CD) 

CD+16% 
GSM 

CD+20% 
GSM 

Control 
diet 
(CD) 

CD+16% 
GSM 

CD+20% 
GSM 

Corn 618.393 649.891 657.775 666.645 703.552 710.129 702.793 738.321 747.072 
Soybean paste 337.695 252.158 230.768 281.338 208.488 190.643 238.480 176.053 160.469 
Giant squid meal 
(GSM) 

0.000 54.030 67.539 0.000 45.000 56.270 0.000 38.160 47.70 

Calcium carbonate 13.693 15.383 15.805 12.445 13.867 14.220 11.174 12.385 12.688 
Calcium phosphate 11.350 8.914 8.305 9.539 7.494 6.986 7.635 5.895 5.460 
Vegetable oil ----- ----- ----- 8.777 0.000 0.000 18.090 7.066 4.353 
Salt 3.498 2.037 1.672 3.490 2.266 1.962 3.484 2.443 2.183 
DL-Methionine 99% 3.530 3.590 3.604 3.212 3.247 3.260 2.878 2.902 2.908 
Natural yellow 
pigment1 

----- ----- ----- 3.000 3.000 3.000 6.000 6.000 6.000 

Mycotoxin 
sequestering agent2 

3.000 3.000 3.000 2.000 2.000 2.000 2.000 2.000 2.000 

Vitamin and mineral 
premix3 

3.000 3.000 3.000 3.000 3.000 3.000 2.400 2.400 2.400 

L-yisine 99% 2.452 3.123 3.291 2.564 3.147 3.287 2.252 2.756 2.882 
L-Threonine 99% 1.473 1.655 1.700 1.349 1.501 1.539 1.036 1.165 1.197 
L-Arginine 99% 0.041 0.828 1.025 0.340 1.013 1.177 0.228 0.806 0.950 
L-Tryptophan 99% 0.000 0.093 0.216 0.000 0.124 0.227 0.000 0.098 0.187 
Coccidiostat4 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 
Antioxidant5 0.150 0.150 0.150 0.150 0.150 0.150 0.150 0.150 0.150 
Zinc Bacitracin6 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 0.550 
Phytase7 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
Betaine anhydrous8 ----- ----- ----- ----- ----- ----- 0.250 0.250 0.250 
Choline Chloride 60% 1.000 1.000 1.000 1.000 1.000 1.000 ----- ----- ----- 
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 

 Calculated analysis (%) 

Crude protein 21.421 21.421 21.421 19.000 19.000 19.000 17.161 17.160 17.160 
Metabolizable energy 
(kcal/kg)  

3000 3081 3101 3100 3122 3139 3200 3200 3200 
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Methionine + digestible 
cysteine 

0.950 0.950 0.950 0.870 0.870 0.870 0.800 0.800 0.800 

Digestible Lysine 1.280 1.280 1.280 1.150 1.150 1.150 1.020 1.020 1.020 
Digestible tryptophan 0.860 0.860 0.860 0.770 0.770 0.770 0.680 0.680 0.680 
Digestible Arginine 0.240 0.200 0.200 0.209 0.180 0.180 0.185 0.160 0.160 
Digestible Valine 1.370 1.370 1.370 1.230 1.230 1.230 1.090 1.090 1.090 
Total calcium 0.954 0.910 0.898 0.855 0.818 0.809 0.780 0.749 0.741 
Available phosphorus 0.960 0.960 0.960 0.870 0.870 0.870 0.780 0.780 0.780 
Sodium 0.480 0.480 0.480 0.435 0.435 0.435 0.390 0.390 0.390 
Digestible tryptophan 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 
1 Avelut®; 15g/g xanthophylls (tagetes erecta). 2 Klinsil® (HELM de México, S.A.): Phosphosilicates 30% (Zeolite clay). 3 Vitamin and mineral premix: Vitamins: A, 4.667 kUI; D3, 1,500 

kUI; E, 23.333.5 mg; K3, 1333.275 mg; B1, 1000.04 mg; B2, 3666.4; B6, 1333.32; B12, 8.33 mg; nicotinamide, 26,667 mg; pantothenic acid, 8.333. 1 mg; folic acid, 666.4 mg; biotin, 

66.7; choline chloride, 199.999.8 mg; Minerals: Cu, 5000 mg; Fe, 26.666.8 mg; Mn, 41,333.54 mg; I, 400 mg; Zn, 36.666.72 mg; Se, 100 mg; CaCO3, 216 mg; mineral oil, 5 g; vehicle 

q.s. 1.000 kg. 4 Nicarfeed® (HELM de México, S.A.); nicarbazin 25%. 5 Feed OX® (Dresens Química S.A. de C.V.); BHA (Butylated Hydroxyanisole), 1.2%; BHT (Butylated 

Hydroxytoluene), 9.0%; Ethoxyquin, 4.8%; chelating agents, 10%: excipient q.s. 100%. 6 Bacitra-Feed 10%; zinc bacitracin, 100g, q.s. 1000g. 7 Ronozyme Hiphos M® 6-phytase from 

Aspergillus oryzae 50,000 FYT/g. 8 Betafin, betaine anhydrous 96% food grade 
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Statistical analysis 

The productive variables for the initiation phase were analyzed under a completely 

randomized design. Due to the correlation that existed between the different phases, the 

growth and finishing variables were analyzed using a completely randomized design with 

covariates, where these were from the phase immediately preceding each one (Kuehl, 

2001). The yellowing and carcass yield variables were analyzed according to a 

randomized design with a 3x2 factorial arrangement where the first factor was percentage 

of GSM inclusion (0, 16 and 20%) and the second factor was sex (female or male) (Kuehl, 

2001). Differences between means were analyzed by Tukey's test with a p < 0.05 using 

the JMP Ver. 8 program. Sensory evaluation results were analyzed using Friedman's 

nonparametric test (p < 0.05) (Pedrero & Pangborn, 1989). 

 
RESULTS 

Experiment 1 

Tables 3 and 4 present the chemical composition, digestibility coefficients (DC), as well 

as the AMEn of GSM. Crude protein (73.50%), true protein (55.14%) and NNP (18.36%) 

of the total nitrogenous compounds. AMEn value was 3376.15 kcal/kg. The AID of amino 

acids was greater than 68%, except for histidine (21%) and cysteine (47%). 

 
Table 3. Chemical composition of giant squid (Dosidicus gigas) meal 

Component g/100g 

  

Humidity 6.11 
Crude protein1 73.50 
True protein1 55.14 
Non-protein nitrogen (NNP)1 18.36 
Total phosphorus2 1.32 
Available phosphorus 1.19 
Ash 9.65 
GE (kcal/kg) 4875.00 
AMEn (kcal/kg) 3376.15 

1Expressed on the basis of flour moisture. 
2Based on 90% digestibility. 

GE= Gross energy 

AMEn= Apparent Metabolizable Energy 

 

Table 5 shows that the treatment with 16% GSM in final weight and weight gain presented 

lower values compared to the control diet and the highest feed conversion ratio (P < 0.05). 

Feed intake was similar for all treatments. 
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Table 4. Amino acid profile of the giant squid (Dosidicus gigas) meal 

 Amino acids (g/100g sample) 

  With correction by NNP Without correction by NNP 

 Totals1 CD (%) Digestible (%) CD (%) Digestible (%= 

Essentials      

Methionine 1.42 89.1 1.27 89.6 1.27 

Met + Cis* 2.01 68.2 1.37 69.7 1.40 

Lysine 3.87 79.5 3.08 80.4 3.11 

Threonine 2.74 73.2 3.08 80.4 3.11 

Tryptophan 0.40 ND ND ND ND 

Arginine 4.31 82.5 3.56 83.2 3.59 

Isoleucine 2.40 76.2 1.83 77.3 1.85 

Leucine 4.50 76.2 3.43 77.3 3.48 

Valine 2.86 76.7 2.19 77.8 2.23 

Histidine 1.58 21.5 0.34 24.8 0.39 

Phenylalanine 2.25 78.0 1.75 78.9 1.77 

Non-essential      

Cysteine 0.59 47.3 0.28 49.8 0.29 

Serine ND 72.1 ND 73.4 ND 

Proline ND 70.3 ND 71.7 ND 

Alanine ND 73.5 ND 74.8 ND 

Glycine ND 73.8 ND 75.1 ND 

Glutamic Acid ND 79.3 ND 80.2 ND 

Aspartic Acid ND 75.9 ND 77.0 ND 

Tyrosine ND ND ND ND ND 
1Expressed on the basis of flour moisture. 

*Calculated from the average of the sum of methionine and cysteine coefficients. 

NNP= Non protein Nitrogen 

CD= Coefficient of digestibility. 

ND= Not determined 

 

Table 5. Productive variables in broilers from 1 to 21 days of age, amino acid intake (g/g) and 

arginine:lysine ratio  

Diets Final weight 

(g)* 

Weight gain 

(g) 

Feed 

Consumption 

(g/ave) 

Feed conversion 

ratio (kg:kg) 

 

Control diet 853 ± 19.34ª 815 ± 19.81a   1164 ± 32.28 1.429 ± 0.058b  

CD+8% GSM 830 ± 16.75ab 790 ± 17.15ab 1166 ± 27.95 1.477 ± 0.050ab  

CD+16% GSM 788 ± 16.75b 748 ± 17.15b 1219 ± 27.95 1.634 ± 0.050a  

 Lysine Methionine + 

Cysteine 

Threonine Arginine Arginine:lysine 

ratio 

Control diet  17.57 ± 0.41ª 11.8 ± 0.14 11.4 ± 0.13 18.27 ± 0.22ª 1.04 

CD+8% GSM 15.80 ± 0.35b 12.2 ± 0.17 11.5 ± 0.16 16.20 ± 0.23b 1.03 

CD+16% GSM 15.15 ± 0.35b 12.15 ± 0.41 11.1 ± 0.37 16.80 ± 0.56ab 1.11 

CD = Control diet. GSM = Giant squid meal. *Mean initial weight: 39g ± 0.5. a,b In each column, different 

literals indicate statistical difference (P < 0.05). Mean ± Standard error of the mean; n=12 
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Experiment 2 

Table 6 shows the productive variables; there were no differences in weight gain, feed 

intake and feed conversion index in the initiation phase. In the growth phase, weight gain 

was similar in the three treatments, but in feed consumption the inclusion of 20% was 

lower (P < 0.05) with respect to the control; the conversion index was better in the 

treatments with GSM (P < 0.05). In the finishing phase, no differences were observed 

between treatments in any of the variables. 
 

Table 6. Productive variables in broilers fed with different percentages of giant squid (Dosidicus 

gigas) meal 

Treatment Weight gain (g/bird) Feed consumption 

(g/bird) 

Conversion ratio (kg:kg) 

 Initiation (1-10 days)* 

Control diet (CD) 200 ± 5.90 236 ± 4.97 1.181 ± 0.016 

CD + 16% GSM 193 ± 5.90 233 ± 4.97 1.203 ± 0.016 

CDT + 20% GSM 189 ± 5.90 232 ± 4.97 1.226 ± 0.016 

 Growth (11-24 days) 

Control diet (CD) 672 ± 3.40 1089 ± 12.81ª 1.634 ± 0.016ª 

CD + 16% GSM 680 ± 3.45 1048 ± 12.98ab 1.542 ± 0.016b 

CD + 20% GSM 679 ± 3.45 1031 ± 13.02b 1.518 ± 0.016b  

 Finalization (25-42 days) 

Control diet (CD) 992 ± 38.33 2037 ± 49.41 2.061 ± 0.094 

CD + 16% GSM 1051 ± 86.81 2261 ± 111.98 2.148 ± 0.213 

CD + 20% GSM 841 ± 46.37 1903 ± 59.79 2.272 ± 0.114 

 Whole cycle (42 days) 

Control diet (CD) 1865 ± 53.10 3362 ± 71.63 1.807 ± 0.041 

CD + 16% GSM 1792 ± 53.10 3240 ± 71.62 1.809 ± 0.041 

CD + 20% GSM 1663 ± 53.10 3121 ± 71.62 1.878 ± 0.041 

GSM = Giant squid meal. *Initial mean weight: 39.5g ± 0.7g. a,b In each column, different literals indicate 

statistical difference (P < 0.05). Mean ± Standard error of the mean, n=72 

 

Table 7 shows the performance of the hot carcass at 42 days of age, which did not show 

an effect of the addition of GSM. Skin color and lightness values (L*) did not show 

differences; however, the inclusion of 16% GSM showed a lower skin yellowness (b*) and 

higher redness (a*) with respect to the control (P < 0.05). Females presented higher 

carcass yield and b* pigmentation (P < 0.05) compared to males by 3.59 b* units. 
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Table 7. In vivo skin yellowing and percent carcass yield of broilers fed different percentages of 

giant squid (Dosidicus gigas) meal for 42 days 
Treatments Average Post-

Breakfast 

Weight (kg) 

Percentage of 

carcass yield 

Skin yellowing  

Units 

   b* a* L* 

Control diet (CD) 1.788 ± 0.070 73.49 ± 0.44 22.35 ± 0.83ª 1.19 ± 0.46b 70.31 ± 0.57 

CD + 16% GSM 1.751 ± 0.071 72.88 ± 0.47 19.42 ± 0.83b 2.85 ± 0.46ª 69.64 ± 0.57 

CD + 20% GSM 1.651 ± 0.069 72.08 ± 0.42  20.58 ± 0.80ab 2.66 ± 0.45ab 69.26 ± 0.55 

 Sex 

Male 1.802 ± 0.060 72.29 ± 0.38b 18.99 ± 0.70b 2.47 ± 0.39 69.54 ± 0.48 

Female 1.659 ± 0.054 73.35 ± 0.34ª  22.58 ± 0.64a 2.00 ± 0.35 69.94 ± 0.44 

 Probability 

Treatment 0.38 0.23 0.050 0.02 0.51 

Sex 0.32 0.04 0.0004 0.38 0.54 

Treatment*Sex 0.54 0.52 0.08 0.23 0.32 

GSM = Giant squid meal. b*: yellowing; a*: reddening; L*: lightness. a,b In each column, different literals 

indicate statistical difference (P<0.05). Mean ± Standard error of the mean; n=72 

 

DISCUSSION 

Since NNP (nucleic acids, urea, and amides) is not useful in the feeding of monogastrics, 

since they require preformed amino acids, its determination is important to avoid an 

overestimation of the protein of the ingredient (Caravaca et al., 2003). No data on NNP 

and true protein content were found in other investigations with squid meal; however, 

(Ezquerra et al., 2007) mention that of the total nitrogenous compounds (including protein) 

found in several squid species, the non-nitrogenous elements (trimethylamine oxide and 

other amines, free amino acids and octopine, arginine, glycine, betaine, alanine and 

nucleotides) represent 37%, although these authors do not specify whether the values 

were in fresh squid or meal, being similar to that reported by Maza et al (2003), who 

mention that the NNP content is 39. 5% in fresh mantle of squid Dosidicus gigas. These 

figures are higher than the percentage obtained in this research (18.36%) for the same 

species. 

The AMEn was 6.6% higher than that reported by Remigio (Remigio, 2006) (3151 kcal/kg) 

using viscera meal (68.75% CP) of the same species. Compared to other ingredients, it 

exceeds a fish meal (3037 kcal/kg and 60.3% CP) by 11% and soybean meal (2346 

kcal/kg and 48% CP) by 44%, but becomes similar to yellow corn (3340 kcal/kg) and 

sorghum (3263 kcal/kg) (AMINODat, 2016). Variations between results could be related 

to the amount of total protein in GSM, as amino acid skeletons can be converted to 

carbohydrate derivatives, which increase the energy value of the ingredients (Leeson & 

Summers, 2001). 
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Digestibility coefficients at 21 days of age with diets formulated based on total amino acids 

showed similar behaviors to those reported by Carranco (2020) in laying hens, where 

there were no differences for feed intake, but in both works a higher feed conversion was 

detected. When analyzing the actual consumption of amino acids over the 21 days of the 

trial, it was observed that the highest consumption of lysine and arginine was for the 

control. However, when calculating the arginine:lysine ratio, it was found that the highest 

ratio was for the 16% inclusion (1:11) and Leeson & Summers (2001) report a normal ratio 

of 1:1 to 1.05:1, so the higher amount of arginine may have caused a lower absorption of 

lysine. Since lysine is almost totally destined for muscle formation (Campos et al., 2008), 

these observations become factors to be considered to explain the behavior of the final 

weight variable, since the 65g difference between the control and 16% GSM treatments 

contributed to the 8.2% drop in the weight gain variable in the latter treatment. 

The productive variables of the complete cycle (42 days) agree with what was reported 

by Morales et al (2022) that included 1.67, 3.34 and 5.01% of GSM based on a formulation 

with total amino acids and that at the end of the cycle (49 days) found no differences for 

the same variables. The average yield was 72.82% similar to that suggested for this strain 

(71.57%) (Aviagen, 2014). Females had a higher yield than males, which is consistent 

with data from other authors, where females had higher proportions of breast and 

subcutaneous fat than males, but males outperformed males in proportion to leg and thigh 

Rondelli et al., 2003; López et al., 2011). 

Since pigment deposition can be affected by decreased feed intake, the total consumption 

of yellow xanthophylls per treatment was calculated, however, considering the pigment 

added and the amounts of corn (lutein and zeaxanthin) used, as GSM inclusion was 

increased during the three study phases, these intakes did not agree with the behavior 

presented in b*, as the control diet consumed 273. 64 mg; with 16% GSM 297.72 mg and 

with 20% GSM 259.05 mg, data similar to that reported by Muñoz et al (2012) who 

observed b* units above those recorded in males, this could be explained because 

females have a greater capacity to deposit fat tissue. It is worth mentioning that the 

behavior observed in the treatment with 20% GSM inclusion could be due to the effect of 

the female because of the interaction tendency with sex. Toyes (2016) enriched with 

astaxanthin, 0.05 mg/100 g chicken egg, because he determined total carotenoid amounts 

of 11.5 mg/100 g in dried squid viscera meal of which 5. 4 mg/100 g were astaxanthin, 

this in turn differs with that reported by Ezquerra et al (2007) and Aubourg et al (2016) 

who in their studies on squid (Dosidicus gigas) skin extract ruled out the presence of 

carotenoids and melanins in the skin, but did find compounds of the omochrome type 

(used by animals for camouflage), also lipophilic, of which not enough information is 

available. 

Sensory evaluation is an important point for consumers, since they can give their point of 

view on a food(s) by rating attributes such as taste, odor, texture, color, among others. 
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However, both flavor and aroma are main attributes that consumers consider for the 

acceptance of a food (Sánchez & Albarracín, 2010). 

It is important to mention, in this case, that in the production, processing and cooking of 

chicken meat, the sensory attributes tend to develop chemical changes of sugars, amino 

acids, thermal oxidation of lipids and degradation of thiamine. But there are also other 

factors that contribute to these sensory changes such as bird age, strain, feed, 

environmental conditions, rearing system, blanching temperature, cooling, labeling and 

storage (Alltech, 2021). (Padilla, 2010). 

When using unconventional seafood sources, there is concern about the fishy flavor 

attribute that develops in chicken meat. One example is a study in which herring meal was 

supplemented with 4, 8 and 12% herring meal in broiler diets, where these small amounts 

exerted an effect on flavor. Meat from birds fed 8% herring meal had unpleasant fishy, 

rancid, non-fresh flavors, which after cooking were less apparent, but 24 hours after 

refrigeration and re-evaluation, the fishy flavors increased (Poste, 1990). In this research 

with cooked meat, none of the judges reported unpleasant tastes or odors (fishy), data 

that agree with those reported by Morales et al (2022) when using squid meal in broilers. 

 

CONCLUSIONS  

It is concluded that GSM can be an alternative source of protein in broiler diets, but more 

studies are needed. 
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