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Aiming to achieve comprehensive utilization of marine resources through 
less polluting and more economical processes, we proceeded to the 
development of biological silage from waste Merluccius hubbsi. was used as 
inoculum yoghurth (10%); sucrose (10%) as a carbohydrate source and 
sorbic acid (0.25%) as antifungal. Was determined: moisture, protein, lipids 
and ash, as well as essential amino acids index (EAAI), degree of hydrolysis 
(DH) and the size of peptides to estimate the nutritional value of silage 
obtained by the fermentation of acid lactic. The EAAI, reveal the tryptophan 
as the limiting amino acid, followed by phenylalanine and methionine; while 
the other amino acids are present in sufficient quantities. The value of DH 
reached 42.34% in the 27th day, where proteins are prevalent among 49.1 
kDa and 80 kDa, and smaller than 7.1 kDa. The results found in this study 
suggest that fish silage obtained by lactic fermentation, could be used as an 
alternative source of protein for animal feed because of its high nutritional 
value, chemical composition and degree of hydrolysis. 
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INTRODUCTION 
 
During the various processes performed to add value to fish 
products from capture to marketing, waste generated, 
causing environmental problems mainly due to their 
improper disposal. On the other hand, these residues have 
great potential for use as protein supplements in animal 
feeds (Ramírez-Ramírez, 2009).  In general, these residues 
are mainly used for the production of fishmeal and fish oil. 
Several studies are currently underway to find alternative 
revaluation of these products. One is the lactic fermentation 
or biological silage where a source of carbohydrates is used 
as a substrate for bacteria that produce lactic acid in situ; 
low pH, activates the endogenous enzymes that hydrolyze 
the proteins present in the residue, while inhibiting the 
growth of pathogenic and spoilage bacteria, allowing 
prolonged storage of the product at room temperature 
(Copes et al., 2006). This process is applicable to recovery 
of value-added products, such as proteins, lipids, minerals 
and chitin from seafood wastes or freshwater, as well as by-
products or wastes of plant and animal origin (Ramírez-
Ramírez, 2009). The protein hydrolysis makes the product 

more palatable and could be suitable in formulating animal 
diets in the initiation stage of growth.  

In designing and setting processes of developing a new 
product, it is necessary to know its chemical composition in 
order to define their potential future use. Following this 
line is that the purpose of this study was to determine the 
moisture content, protein, lipids and ash, as well as 
studying the amino acid composition, essential amino acids 
index (EAAI), degree of hydrolysis (DH) and peptide size, to 
estimate the nutritional value of silages of wastes from 
Merluccius hubbsi (M.hubbsi), obtained by lactic acid 
fermentation with potential use in formulating diets for 
livestock. 
 
 
MATERIALS AND METHODS 
 
Production of silage 
 
M. hubbsi wastes (heads and viscera) from plants filleting of 
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Table 1. Protein standards of molecular weight in 
kDa (Kaleidoscope Prestained Standards, Bio-Rad) 

 
Protein kDa 
Miosin 209 
β-Galactosidase 124 
BSA (bovine serum albumin) 80 
Ovalbumin 49.1 
Carbonic anhydrase  34.8 
Inhibitor soybean trypsin  28.9 
Lysozyme  20.6 
Aprotinin  7.1 

 
 
 
Mar del Plata, Buenos Aires, Argentina were used as raw 
material. The frozen residue was triturated in a meat 
grinder brand FREIRE (with holes 4 mm) and stored at -28 
°C until further use as feedstock. For silage, to the raw 
material (previously thawed at room temperature) was 
added 10 % sucrose as fermentable substrate; 10 % 
yogurth (Yogs of SANCOR Company) as leavening agent, 
which are mainly lactic cultures Lactobacillus bulgaricus 
and Streptococcus thermophilus, and 0.25 % of sorbic acid 
as antifungal. The experience was performed in duplicate in 
two liters plastic containers with tight-fitting lid and stored 
in a room with controlled temperature 25 °C for 27 days.  
Daily pH was recorded with Merck pH indicator strips 
(range 3.5 to 7.0) and, periodically, the silage homogenized 
manually with a spatula. 
 
Characteristics of the raw material and silage 
 
Biochemical analysis were performed on the raw material 
and the silage at the beginning and at the end of the 
process. Crude protein by the Kjeldahl method (Specific 
Jones Factor  6.25), content of water and ash were 
determined according to AOAC (1995) protocols. Total 
lipids were determined by the method of Bligh and Dyer 
(1959). Analysis the total amino acids of the raw material 
and silage was performed by HPLC-DAD/FLD (AOAC, 
1995).  

Considering the content of essential amino acids (EAA), it 
was calculated "chemical index" or "essential amino acid 
index" (EAAI) of the raw material and silage, considering as 
reference the standard normal EAA describing protein or 
FAO/WHO (1985) and also amino acids requirements for 
common carp Cyprinus carpio were analyzed according to 
the list of Tacon (1989). EAAI was calculated using the 
following relationship (1): 
 
EAAI= EAA in silage protein (g/ 100 g)/ EAA standard 
protein (g/ 100)    ………(1)                    
 
For monitoring and control of protein hydrolysis during the 
lactic fermentation, the degree of hydrolysis (DH) was 
evaluated by the method of Pezoa and Mellado (1979) with 
slight modifications. An amount of 1.0 g of sample was 
diluted   in  10 ml   of  distilled  water; 10 ml  of  TCA  (20 %  

 
 
 
 
trichloroacetic acid) was added and stirred. Then it 
centrifuged at 10000 rpm for 10 min. Soluble protein of the 
supernatant was determined by the method of Lowry et al. 
(1951), expressing the protein concentration as mg 
albumin through reading visible spectrophotometer (UV-
1800, Shimadzu) absorbance at 500 nm. Thus, the DH is 
expressed as the ratio of the total solubilized protein, and 
proteins present in the initial substrate, in % according to 
the following equation (2): 
 
%DH= mg protein (TCA 20 %) × 100/ mg total protein                       
…………(2)                                          
 
The distribution of the silage protein profile was 
determined by polyacrylamide gel electrophoresis under 
denaturing conditions (SDS-PAGE: sodium dodecyl sulfate-
polyacrylamide gel electrophoresis), to 12 % for the 
separating gel and 4 % for stacking gel using Tris-glycine 
(×1) running buffer for electrophoresis chamber (Laemmli, 
1970). The samples were centrifuged for 20 min at 5000 
rpm, supernatants were treated with (x4) loading buffer, 
boiled for 5 min and immediately cooled on ice. The gels 
were run at 120 V for 2 h. To determine the relative 
molecular weight of protein, a marker a commercial 
molecular weight marker was used (Kaleidoscope 
Prestained Standards, Bio-Rad). Gels were stained with 
staining solution Coomassie Blue to 0.25% (AppliChem) for 
25 min, washed with double distilled water and decolorized 
with three 20-min washes each with rapid discoloration 
solution (50 % methanol, 10 % acetic acid), followed by 3 
washes for 30 min each  with slow bleaching solution (5 % 
methanol, 10 % acetic acid) and imaged.  

 The eight bands present in this molecular weight 
standard correspond to myosin, β-galactosidase, bovine 
serum albumin (BSA), ovalbumin, carbonic anhydrase, 
inhibitor soybean trypsin, lysozyme and aprotinin, whose 
values are shown in kDa (Table 1). 
 
 
RESULTS AND DISCUSSION 
 
The silage pH stabilized at 5.2 to 17th day. In previous work 
(Fernández Herrero et al., 2011 and 2013), the silage 
achieved a pH of 5 to 5th day, incubating at a temperature 
of 40 °C. Clearly, a lower temperature at the optimal 
incubation (37- 45 °C), produces a slow pH stabilization 
period. 

The proximate composition of the raw material (RM) was 
(dry basis): 65.01 % protein; total lipids 21.46 % and ash 
21.29 %. The protein content of 47.9 % and ash 8.7 % in the 
silage is lower than in the RM due to the contribution of 
moisture from yogurth and carbohydrates provided by 
sugar (Figure 1). Similar behavior was observed by several 
authors (Vidotti et al., 2003; Spanopoulos Hernández et al., 
2010; Fernández Herrero et al., 2013). 

In the amino acids profile (Table 2) are observed 
essential and non-essential amino acids; comparing the 
amino  acid   composition  between  the  raw    material  and  
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Figure 1:Proximate composition of the raw material (RM) and silage (S) of M. hubbsi, at 27 days. Crude 
protein (% P); Total lipids (% TL); Ash (% A) and Dry matter (% DM). 

 
 

Table 2.Total amino acid composition of the raw material, M. hubbsi silage and fish soluble 
 

Total amino acid  Raw material Silage Fish soluble. “harinoil”  Raw material Silage 

  g/ kg sample  g/ 100 g protein 

Ac. aspartic    11.58 7.20 4.75  7.85 6.81 
Ac. glutamic   11.75 8.15 8.94  7.97 7.70 
Glycine  13.14 7.13 10.10  8.91 6.74 
Serine   6.80 4.27 2.87  4.61 4.04 
Threonine*   4.68 3.43 2.28  3.17 3.24 
Histidine*   3.71 2.15 1.12  2.52 2.03 
Tyrosine   3.08 1.04 0.91  2.09 0.98 
Arginine*  8.99 2.88 4.56  6.09 2.72 
Alanine   14.00 8.77 6.11  9.49 8.29 
Methionine*  1.96 1.18 2.01  1.33 1.12 
Valine*   2.97 2.98 2.07  2.01 2.82 
Tryptophan*   0.28 0.29 0.20  0.19 0.27 
Phenylalanine *   4.04 2.33 1.71  2.74 2.20 
Isoleucine*   2.19 2.32 1.51  1.48 2.19 
Leucine*   6.98 5.33 2.95  4.73 5.04 
Lysine*   7.65 5.79 4.10  5.19 5.47 
Proline   6.22 3.91 ND  4.22 3.70 
Hydroxyproline   2.82 1.31 2,79  1.91 1.24 
Cystine+Cysteine   0.90 0.85 0,78  0.61 0.80 

 

Protein concentration (PC): 147.5 g/ kg in raw materials; 105.8 g/ kg silage (wet basis).  
* Essential Amino Acids. ND: NO DATA 

 
 
 
silage (in g/ 100 g protein) shows a slight increase in valine, 
tryptophan, lysine, leucine and isoleucine and a significant 
reduction in glycine, tyrosine, arginine, alanine and proline. 
This reduction may have occurred during lactic 
fermentation due to chemical reactions between the α-

amino and aldehyde groups present on the amino acids. 
The EAA which are in greater proportion are leucine, lysine 
and threonine while other authors found lysine, leucine and 
methionine in biological silage of marine fish residues 
(Vidotti et al., 2003),  arginine,      leucine     and    lysine     in  
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Table 3. Silage essential amino acids index hake and essential amino acids 
 

EAA Silage                          Ref. 1        Ref. 2  EAAI 
 (g/ 100g)  (g/ 100g)  RP1 RP2 
Threonine 3.24  3. 40 3. 90  0. 95 0. 83 
Histidine 2.03  1. 90 2. 10  1. 07 0. 97 
Arginine 2.72  ND 3. 30  ----- 0. 82 
Methionine 1.12  2. 50 3. 10  0. 45 0. 36 
Valine 2.82  3. 50 3. 60  0. 80 0. 78 
Tryptophan 0.27  1. 10 0. 80  0. 25 0. 34 
Phenylalanine  2.20  6. 30 6. 50  0. 35 0. 34 
Isoleucine 2.19  280 2. 50  0. 78 0. 88 
Leucine 5.04  6. 60 3. 30  0. 76 1. 53 
Lysine 5.47  5. 80 5. 70  0. 94 0. 96 

 

EAA: essential amino acids; 
EAAI: essential amino acids index; 
Ref.1 - EAA (FAO/WHO, 1985);  
Ref.2 - EAA (Tacon, 1989); 
RP1: IAA calculated according to Ref.1; 
RP2: IAA calculated according to Ref.2. 
ND: NO DATA 

 
 

 
 

Figure 2:SDS-PAGE of protein pattern across fermentation. MK: Molecular weight 
marker (kDa). 

 
 
 
biological silage mackerel (Rastreliger brachysoma) 
(Hassan, 2003). 

Furthermore, the values of amino acids obtained in silage 
are relatively similar to amino acid profile of fish soluble 
"Harinoil", for use in aquaculture, petfoods, pigs and other 
animal feeds. 

The silage EAAI, reveal the tryptophan as the limiting 
amino acid, followed by phenylalanine and methionine, 
while the rest of amino acids are present in sufficient 
quantities or above the required value, such as leucine for 
juvenile common carp (Table 3) and for chicken and pigs 
(Ramírez-Ramírez, 2009). In aquatic organisms, 
methionine, lysine and arginine amino acids are considered 
to be more restrictive in their diets, as are those that 

influence the productivity and growth of these. According 
to the results presented, the silage meets the requirements 
of amino acids according to FAO rules for juvenile common 
carp (Tacon, 1989). 

In Figure 2 is shown the molecular weight profile of the 
protein fractions of silage. All bands observed were 
compared to the standard molecular weight (MK) so as to 
estimate the molecular weight of each. On 1st day of 
experience we can distinguish 5 bands between 124 and 
28.9 kDa and a package of spots does not allow to 
individualize between 28.9 and 7.1 kDa. From day 17, 
decrease proteins higher than 20.6 kDa, began to gradually 
hydrolysed; to day 27, prevail proteins between 49.1 and 
80 kDa,  and   smaller    peptides (7.1 kDa), in  line  with  the  
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Figure 3 :Degree of protein hydrolysis (% DH) silage during 
the fermentation process (t: days). 

 
 
 
progress of lactic acid fermentation. Regarding the degree 
of protein hydrolysis (DH) can be observed (Figure 3), in 
the early days the hydrolysis occurs slowly (12.68 % on day 
10), this coincides with a pH not dropped enough, possibly 
due to the dampening effect of the type of waste used (high 
ash content and protein) and a temperature of less than 
optimal incubation. From day 17 a significant increase in 
the hydrolysis (19.96 %), coinciding with the stabilization 
of pH 5.2 is observed; this is reflected in turn, with the 
decrease of 20.6 kDa proteins, which begin to gradually 
hydrolizate (Figure 2). Reaching at 27 days fermentation, a 
degree of hydrolysis of 42.34 %, proteins prevail between 
49.1 and 80 kDa and smaller than 7.1 kDa peptide. 

Given the different variables that come into play in the 
hydrolysis process, information from the literature it is 
very mixed. While Ramírez-Ramírez (2009) found the 
maximum hydrolysis (97.38 %) at 15 days fermentation 
working with fish waste mixture in optimal conditions (18 
% molasses, 5 % inoculum and 30 °C); Tungkawachara et 
al. (2003) reported a degree of hydrolysis of 40 % in the 
first month of both whole hake fermentation byproducts as 
hake. 
 
 
Conclusions 
 
The amino acid composition, the essential amino acid 
index" (EAAI), the degree of hydrolysis (DH) and the size of 
peptides, allow you to have an overview of the high 
nutritional value of products originating in the filleting 
process hake recovered by lactic acid fermentation. 

The protein hydrolysis makes the product more palatable 
and could be suitable in formulating animal diets in the 
initiation stage of growth. In addition, peptides and free 
amino  acids  could  act   as    chemoattractants potential, as 

 well as food stimulants for carnivorous species. 
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