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Abstract. The objective of this study was to utilize the lactic 
fermentation of shrimp waste to facilitate the separation of 
products such as raw chitin, liquid hydrolysates, and lipidic paste. 
The yields obtained were 10% for raw chitin and 55% for the 
protein rich liquid hydrolysates. The average purity of the raw 
chitin, expressed on the basis of the content of glucosamine, was 
59%. The protein content in the liquid hydrolysates was 42% (dry 
weight), the lipid content in the lipidic paste was 42% (dry 
weight), while the raw chitin’s content of protein and ash was 
18% and 4% (dry weight), respectively. This study identifies                         
the potential of lactic fermentation for the possible utilization of 
the entire waste that is discarded in the shrimp processing 
industry. 
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1. Introduction 
 
 Shrimp are available on both coasts from Mexico, the Pacific regions as 
well as in the Gulf of Mexico. Shrimp, mainly of genus Penaeus, is the major 
sea food captured in Sonora, México (SAGARPA, 2005). As shrimp is 
processed for exportation, a considerable volume of waste or by-products 
including cephalothorax and exoskeleton are generated. These fractions 
represent around of 48% of the weight of the animal. At present, a small 
proportion of these by-products are used as a supplement for animal feed.  
 These shrimp by-products are rich in high-value substances, such as 
chitin, protein, lipids, carotenoid pigments and minerals (Bueno-Solano, 
López-Cervantes, Campas-Baypoli, Lauterio-García, Adan-Bante & Sánchez-
Machado, 2009). The different uses of these by-products depend on their 
chemical properties. For example, chitin and its deacetylated derivatives have 
many applications in agriculture, biomedicine, food and the paper industry, 
while liquid hydrolysate is an excellent source of essential amino acids that 
can be used for human or animal consumption (Gildberg & Stenberg, 2001). 
The lipidic paste contains sterols, vitamin A and E (López-Cervantes, 
Sánchez-Machado & Ríos-Vázquez, 2006a), carotenoid pigments such as 
astaxanthin, which can be used in feed for salmonids or as a natural coloring 
in the food industry (López-Cervantes, Sánchez-Machado, Gutiérrez-
Coronado & Ríos-Vázquez, 2006b).   
 The most common technique for shrimp waste utilization is the artisan 
practice of sun drying. This procedure has low hygienic control and the 
products are limited for animal consumption. There are various methods that 
employee chemical acids and alkalis at different concentrations, temperatures 
and times for the extraction of chitin and recovery of protein hydrolysates 
(Percot, Viton & Domard, 2003). These methods cause a depolimerization 
and partial deacetilation of the chitin, or can complicate the recovery of other 
products, such as protein and pigment (Synowiecki & Al-Khateeb, 2003).     
 Methods have been developed, for the extraction of chitin, liquid 
hydrolysates and pigments, using enzymatic extract or isolated enzymes 
(Simpson, Nayeri, Yaylayan, & Ashie, 1998). Different studies have reported 
the use of microbial enzymes for extracting proteins from shrimp and marine 
animal by-products (Shahidi, Synowiecki & Balejko, 1994; Synowiecki & Al-
Khateeb, 2000). Enzymes such as alcalase and pancreatin have been used for 
the extraction of chitin, protein and pigmented lipids (Duarte & Netto, 2006). 
Other researchers, as Armenta-López, Guerrero & Huerta, (2002), reported the 
recovery of astaxanthin with a method that combines a lactic acid fermentation 
and enzymatic hydrolysis with the purpose of stabilizing the shrimp waste. 
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 Lactic acid fermentation of shrimp waste has been reported as an 
alternative for the treatment of these by-products, as an economic and 
environmentally friendly method, to facilitate the separation of chitin, protein, 
lipids and minerals. The optimal conditions of a fermentation process depend 
on several factors: choice and concentration of carbohydrates, pH, temperature, 
time, and aerobic or anaerobic conditions (Rao & Stevens, 2005). To facilitate 
the fermentation process, pure cultures of lactic acid bacteria such as 
Lactobacillus plantarum, Lactobacillus pentosus, Lactobacillus salvarus, 
Enteroccus facium and Pedioccoccus acidilactici have generally been used 
(Rao, Muñoz & Stevens, 2000; Beaney, Lizardi-Mendoza & Healy, 2005). The 
use of commercial probiotics has been studied very little because of their low 
degree of success (Guerrero, Zacharias & Hall, 1996).   
 The objective of this study was to optimize the lactic fermentation of 
shrimp cephalothorax to facilitate the separation of the fermentation products, 
such as raw chitin, protein rich liquid hydrolysates, and lipidic paste. For the 
biochemical characterization of the each product were examined the amino 
acid profile, and contents of ash, protein, and total lipid. As a result of the 
fermentation process, the amount of astaxanthin and fatty acids, for lipidic 
paste, and glucosamine, for raw chitin, were determined. To promote 
fermentation, a commercial inoculum of lactic acid bacteria described as 
probiotic was selected. This approach facilitates the processing of shrimp 
waste by minimizing the manipulation of microorganisms, but has effects 
similar to those achieved with pure cultures. These characteristics should 
encourage potential industrial applications. 
 
2. Material and methods 
 

2.1. Preparation of inoculum  
 
 As inoculum was used a commercial probiotic cell immobilized 
(Lactobacillus sp.). To activate this was diluted to 5% in cane sugar solution 
to 3.75%, and conserved to 37 ºC for 5 days. The cellular growth of the 
microorganisms was estimated by optical density to 540 nm (Spectronic 
Instruments, USA), as reported by Cira, Huerta, Hall & Shirai, (2002). 
 
2.2. Fermentation and conditions of separation 
 
 All the shrimp waste samples were obtained from processing plants 
located in South Sonora, México. The waste was packed in plastic bags and 
stored at – 20 ºC before the fermentation process. Slightly thawed minced 
waste (1500 g) was placed into 2000 ml glass flasks and mixed with 6.6% 
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(w/w) cane sugar and 50% (v/w) commercial inoculum (optical density of 
cell = 1.7), then the pH was adjusted to 6.5 using 2 M citric acid, and 
incubated in a water bath at 36 ºC with shaking for 24 h (Lab-Line 
Instruments INC., Melrose Park, Illinois). The ensilage was centrifuged          
(5 ºC) at 1250 rpm for 15 min (Harrier 18/80, Sanyo, UK) to obtain the raw 
chitin, the liquid hydrolysates, and the lipidic paste. The upper phase (lipidic 
paste) was separated manually. The liquid hydrolysates were separated by 
decantation, and the sediment that constitutes the raw chitin was washed with 
distilled water to separate fine solids. The resulting liquid was collected and 
dried. The raw chitin, liquid hydrolysates and fine solids were dried at 60 ºC 
and the lipidic paste at 40 ºC (General Signal Company, Blue Island ILL). All 
the fractions were stored in glass bottles and protected from light.   
 
2.3. Chemical analysis  
 
 During the fermentation process, the pH was monitored by using a 
potentiometer (Conrning modelo 340, NY. USA), and the total titratable 
acidity (TTA, %) was determined by titration with 0.1 N NaOH until a pH of 
8.5 was obtained. The TTA is expressed as a percentage of lactic acid 
according to the proposed methodology of Armenta et al., (2002). The 
moisture content was determined in a vacuum oven (National Appliance 
Company, Portlan Oregon, USA) at 60 ºC for 5 h (AOAC, 1995). The ash 
content was determined in a muffle furnace (National Appliance Company, 
Portland Oregon, USA) at 550 ºC for 5 h (AOAC, 1995). The nitrogen 
content was determined by the Rapid Kjeldahl method with Rapid Digestor-
25 and Rapidstill II (Labconco, Kansas City, Missouri, USA). The protein 
content was calculated by the multiplication of the nitrogen content by 6.25. 
The residual protein content in raw chitin was obtained by subtracting the 
chitin nitrogen from total nitrogen content. The nitrogen content in pure 
chitin was of 3.5, an average value in head and shell samples of shrimp waste, 
according to reported by Rao & Stevens, (2005). The total lipid content was 
quantified by the method of Sánchez-Machado, López-Cervantes,                  
López-Hernández & Paseiro-Losada, (2004) with minor modifications.  
 
2.4. Microbiological analysis 
 
 Microbiological analyses were recorded in raw chitin, liquid hydrolysates 
and lipidic paste according to the AOAC (1995) methods, 46.030, 46.062, 
46.115, 46.011, 4.030 for coliforms and E. coli, Staphylococcus aureus, 
Salmonella, fungi and Pseudomonas, respectively.  
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2.5. Chromatographic analysis 
 
 The total amino acids in all the samples and the glucosamine in raw 
chitin were quantified by HPLC simultaneously. In the lipidic paste, the 
astaxanthin and fatty acid content was quantified by HPLC and gas 
chromatography, respectively. 
 
2.6. Equipment and conditions 
 
 The HPLC system (GBC, Dandenong, Australia) was equipped with an 
auto injector LC 1650, an on line solvent degasser LC 1460, a system 
controller with WinChrom for chromatography data analysis, a pump LC 
1150, a column oven LC 1150, a 20 μl injection loop (Rheodyne, Cotati, CA, 
USA), a fluorescence detector LC1255S and a photodiode array detector 
LC5100. Chromatographic analysis was performed using an analytical scale 
(250 × 4.6 mm ID) SGE Hypersil ODS C18 column with a particle size 5 μm 
(SGE, Dandenong, Australia). 
 For amino acids and glucosamine, the HPLC conditions were as follows: 
mobile phase A: 30mM ammonium phosphate (pH 6.5) in 15:85 (v/v) 
methanol-water; mobile phase B: 15:85 (v/v) methanol-water; mobile phase 
C: 90:10 (v/v) acetonitrile-water. The elution gradient (min/A%:B%:C%) 
was: 0/24:63:13, 32/11:43:46, 34/11:43:46, 34.05/0:0:100, 36.5/0:0:100, 
36.55/24:63:13, 50/24:63:13. The flow rate was constant at 1.1 ml/min and 
the column maintained at 38 °C. The detection was by fluorescence using the 
wavelengths of excitation and emission at 270 and 316 nm, respectively. The 
total time between injections was 50 min.  
 For astaxanthin the HPLC conditions were as follows: the mobile phase 
consisted of the mixture of water: methanol: dichloromethane: acetonitrile 
(4.5:28:22:45.5 v/v/v/v); at a flow rate of 1.0 ml/min; column temperature          
25 °C.  Detection and identification was performed using a photodiode array 
detector (λdetection = 476 nm). The total time between injections was 12 min. 
 The other equipment was a gas chromatograph with a flame ionization 
detector, with a capillary column CP-Sil 5 CB and autoinjector CP-8410, all 
from Varian Inc. (Palo Alto, California, USA). The injection volume was 3 μl 
(at 250 °C), the carrier gas was helium (1 ml/min) and the detector temperature 
was maintained at 270 °C. The column temperature was held at 110 °C for 1 
min and then increased to 240 °C at a rate of 3 °C/min, which was kept for 15 
min. Peak identifications were based on the comparison of retention times with 
the standards.  The area of the peaks was quantified using the software Galaxie 
Workstation (Varian Inc., Palo Alto, California, USA). 
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2.7. Sample preparation 
 
 To determine the total content of the amino acids and glucosamine, an 
acid hydrolysis was performed on the proteins and chitin, respectively. 50 mg 
of sample was added to 10 ml of HC1 6 N and was heated to 110 °C for 24 h. 
The hydrolyzed product was vacuumed and filtered, and then diluted to 250 
ml in a volumetric flask. Then, 300 μl was oven dried at 60 °C all night, and 
the waste was diluted in 300 μl of borate buffer through agitation (15 s). The 
method for the derivatization was performed according to López-Cervantes, 
Sánchez-Machado & Rosas-Rodríguez, (2006c). 
 Astaxanthin was determined by a version of the method of Lopez-
Cervantes et al., (2006b). A sub-sample of 0.120 g was weighed out in a 
screw-top assay tube. 5 ml of methanol was added and immediately vortexed 
for 20 sec. Then, the samples were sonificated for 5 min for complete 
extraction, followed by centrifuging for 15 min at 425 g. Two ml of upper 
phase were membrane-filtered (pore size 0.45 μm). Finally, an aliquot of             
20 μl was injected into the HPLC column.   
 The fatty acid profile was determined by gas chromatography in 
accordance with the procedure of Sánchez-Machado et al., (2004) with 
minimal modifications. Specifically, 0.5 g sample was weighed in a tube with 
screw cap and was treated with 2 ml of toluene and 3 ml HCl methanolic 5%. 
This mixture was vortexed and placed into a water bath for 2 h. To room 
temperature, 3 ml K2CO3 6% and 2 ml of toluene were added to the mixture, 
followed by agitation in the vortex.  The mixture was centrifuged for 5 min at 
425 g (Compact II Centrifuge, Clay Adams, USA), the organic phase was 
separated and dried with Na2SO4 anhydride. 1 ml of the organic phase was 
filtered with a membrane 0.45 μm. A 3 μl sample of this solution was 
injected onto the GC system. 
 
2.8. Statistical analysis  
 
 The data presented are the mean ± standard deviation. The statistical 
significance of the difference between the average (P <0.05) was estimated 
with SPSS 12 for Windows (SPSS Inc., Chicago, IL).  
 
3. Results  
 
 Crustacean heads and shells constitute the shrimp wastes that are 
separated in the local processing plants. Previous to the fermentation process, 
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the proximate composition of these starting materials was investigated. The 
result shown that the moisture content was 75.29 ± 0.20% and the average 
composition of dry weight was 51.72 ± 0.35% for protein, 17.66 ± 0.13% for 
ash and 11.40 ± 0.47% for total lipids. 
 
3.1. Optimization of the lactic fermentation 
 
 Monitoring pH and total titratable acidity (TTA, %) 

This study was carried out from three fermentation batches in duplicate. 
The average initial values of pH and TTA were 7.31 ± 0.10 and 0.53 ± 0.09, 
respectively. The pH was initially reduced to 6.5 by the addition of 2 M 
acetic acid. Due to proteolysis and the release of ammonium, the pH 
increased again to 7.11 ± 0.08 during the first 2 h, and later, the pH 
diminished by 28% (up to 5.28 ± 0.01) during the 12 hours of fermentation. 
At approximately 24 hours of fermentation, the final pH was 4.57 ± 0.15. In 
parallel to the decrease in pH a similar behavior was observed in the mean 
values of the TTA. During the first 2 hours of the average values of TTA 
were 1%, and then these values increased gradually to an average value of 
3.33 ± 0.23 at 24 hours. 
 
3.2. Products and fermentation yields 
 
 The fermentation product was viscous silage which had an intense orange 
color, due of the astaxanthin presence. After the fermentation process, the 
silage was centrifuged to separate the three principle products (raw chitin, 
liquid hydrolysate, and lipidic paste). The other product, the fine solids were 
retained with the raw chitin wash. The Table 1 shows the proportion recovered 
in each fraction. In the fermented batch, the average wet weight was 68% 
(1018.9 ± 6.0 g) and the average value of dry weight was 32% (481.1 ± 5.6 g). 
In dry weight, the bigger fraction corresponded to the liquid hydrolysate (55%), 
then the fine solids (29%), raw chitin (10%) and lipidic paste (5%). 
 

Table 1. Products separated from fermented. 
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3.3. Chemical composition  
 
 Table 2 shows the chemical characterization of each of the four main 
products that were obtained through fermentation. The chitinous product (raw 
chitin), shows a partial demineralization and deproteinization reflected as low 
in ash. It also reveals high protein content (42.34%) quantified as liquid 
hydrolysate. This facilitated the recovery of a lipidic paste, consisting mainly 
of total lipids (42.67%), and produced a fraction abundant in ash (16.72%) in 
the fine solids. 
 

Table 2. Chemical composition (dry weight) of the fermentation products. 
 

 
3.4. Microbiological quality  
 
 The microbiological quality of a material is linked to the level of hygiene 
in the production process, and is a parameter that restricts the use of the 
products, in both humans and animals. The results of the microbiological 
analysis in raw chitin, liquid hydrolysate and lipidic paste, as a result of the 
fermentation of shrimp waste, presented no bacterial development for the 
identification of E. coli and Salmonella, coliform, and yeast. Fungus was 
detected in raw chitin where there were 10 colony forming units (CFU) per g. 
The total mesophilic count was positive for all samples: 120 CFU per g for raw 
chitin, 1730 CFU per g for liquid hydrolysate, and 500 CFU per g for lipidic 
paste. The results of the current study comply with the standard regulations for 
the consumption of fresh shrimp NOM-027-SSA1-1993 (FAOLEX, 1994).  
Therefore, this fermentation process does not pose a danger to consumers. 
 
Amino acids profile  
 
 Table 3 shows the profiles the amino acids in the raw chitin, liquid 
hydrolysate, lipidic paste and fine solids separated from the fermentation.  
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Table 3. Amino acid profile (mg per g dry weight) of the fermentation products. 
 

 
 
In all samples, sixteen amino acids were identified. The figure 1A shows a 
chromatogram with the profile of amino acids in the fraction of liquor, while 
section 1B shows a chromatogram with the profile of amino acids and the 
simultaneous detection of glucosamine, the peaks shaded represent 
glucosamine. The amino acids content in samples separated from the 
fermented shrimp waste resulted to be in a range of 140 to 394 mg per g (dry 
weight). In all samples, the amino acid tyrosine was predominant, followed 
by aspartic acid and glutamic acid, whereas the amino acid methionine was 
less abundant. The proportion of essential amino acids were in the range of 
47.8 (lipidic paste) to 52.5% (liquor). 
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Figure 1. HPLC chromatograms of sample rich-protein liquor (A) and a sample of 
raw chitin (B) both from fermented shrimp waste. 
 
3.5. Quantification of glucosamine in raw chitin 
 
 In the raw chitin, the content of glucosamine was quantified as an index 
of purity. The contents of glucosamine in raw chitin were 516, 619 and 640 
mg per g (dry weight), these values correspond to the results of three 
fermentation batches carried out in duplicate. Therefore, the average amount 
of glucosamine in this study was 591 mg per g dry weight of raw chitin.  
 
3.6. Contents of astaxanthin and profile of fatty acids in lipidic paste  
 
 Astaxanthin is the main pigment in the lipidic paste obtained from fermented 
shrimp waste. The content of astaxanthin ranged from 1.98 to 2.25 mg per g of 
dry lipidic paste, and the average is 2.11 mg per g of dry lipidic paste. 
 The Table 4 presents the relative fatty acid contents in the identical 
sample. In this work, fourteen fatty acids were identified. The palmitic acid  
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Table 4. Relative fatty acid content in the lipidic paste (% of total fatty acids content). 
 

Fatty acida Relative content (%) 
C10:0 0.14 ± 0.02 
C14:0 1.65 ± 0.14 
C16:0 24.26 ± 1.02 
C16:1n7 3.41 ± 0.24 
C18:0 8.33 ± 0.67 
C18:1n7 5.74 ± 0.75 
C18:1n9 14.65 ± 0.86 
C18:3n3 + C18:2n6 11.79 ± 0.42 
C20:0 0.65 ± 0.09 
C20:1n9 1.99 ± 0.21 
C20:4n6 13.02 ± 0.84 
C22:0 0.83 ± 0.12 
C22:6n3 13.03 ± 0.92 
C24:1n9 0.52 ± 0.07 
Saturated  FAs 35.86 ± 1.24 
Monounsaturated FAs 26.31 ± 1.19 
Polyunsaturated FAs 37.84 ± 1.31 
Unsaturated FAs 64.15 ± 1.77               

 

                                                 

  a FA= fatty acid. 
 
(C16:0), and the oleic acid (C18:1n9) were found in higher quantity. The 
fatty acids in smaller quantities were decanoic acid (C10:0), and nervonic 
acid (C24:1n9). The group of ω-3 was represented by α-linolenic acid 
(C18:3n3), and docosahexaenoic acid (C22:6n3), while linoleic acid 
(C18:2n6) and arachidonic acid (C20:4n6) represented the group of ω-6. The 
relationship of unsaturated to saturated fatty acids was 2:1. Polyunsaturated 
fatty acids were found in a ratio of 1.5:1 with respect to the monounsaturated 
fatty acids. 
 
4. Discussion  
 
 The effect of the decrease in pH and an increase in the TTA (%) was 
investigated in the 24 h fermentation of shrimp waste using a fixed amount of 
probiotic (a cultivation of lactic acid bacteria) and cane sugar.  The successful 
recovery of the products of the fermentation depended on the control of the 
pH and TTA (%) in the first three hours of fermentation. The lactic bacteria 
grew ideally at a low pH (4.0 to 5.0), for that reason, the pH of shrimp waste 
must be adjusted to values close to 5.0 at the start of fermentation process. 
The pH is an important factor in the suppression of undesirable bacteria 
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(Beaney et al., 2005). This is due to that the lactic acid bacteria develop 
antimicrobial metabolites as hydrogen peroxide, acetone and bacteriocins. 
The action of bacteria in the deproteinization and demineralization of the 
shrimp exoskeleton depends on the growth of the bacteria; hence, the optimal 
conditions for this growth and the mixing time during fermentation are very 
important (Rao et al., 2000). The rapid decrease in pH is an indicator of the 
efficiency of the process, which is due to that the bacteria, converts the 
carbon source into lactic acid which reacts with calcium carbonate that was 
coupled with the chitin (Cira et al., 2002). The pH and TTA at the end of 
fermentation are similar to those reported in other studies which used pure 
cultures of lactic acid bacteria (Rao et al., 2000).  
 The fermented shrimp waste was centrifuged to facilitate the recovery of 
the most important fractions (López-Cervantes, Sánchez-Machado & 
Delgado-Rosas, 2007). The results show that the liquid hydrolysate was the 
most abundant fraction while the lipid paste was less abundant. The average 
yield obtained for the liquid hydrolysate was high compared to that reported 
by Cremades et al., (2001), which indicated a yield of 11% (dry weight) from 
wastes of crawfish. In raw chitin, the average value was found within the 
ranges of (6% and 20.6%, dry weight) by Mizani, Aminlari & Khodabandeh, 
(2005) and Bautista et al., (2001), respectively. A study done by Gilberd & 
Sterberg, (2001) obtained a lipidic fraction which is constituted by sediment 
and astaxanthin. The differences between the proportions of the four fractions 
can be explained as being due to the method used, the geographic source and 
species of crustacean employed (Cira et al., 2002).  
 The raw chitin recovered from fermented shrimp waste contained nearly 
18% of residual protein; these results were similar to those reported by 
Cremades et al., (2001) with a 17.81 ± 0.87% in chitin of the fermented waste 
of crawfish processed with Lactobacillus pentosus. The ash content in raw 
chitin was 4.36 ± 0.26%, indicative of the efficiency of fermentation to 
remove the calcium carbonate of the exoskeleton. These results were similar 
to the results reported by the Bautista et al., (2001) in chitin (4.1 ± 0.5%) 
produced for the demineralization of crawfish exoskeleton during the 
production of lactic acid. Duarte & Netto, (2006) used an enzymatic 
hydrolysis with alcalase and pancreatin, followed by treatment with 2.5% 
HCl to obtain chitin with 2.59 ± 0.08% and 2.14 ± 0.05% ash content. Also, 
the content of total lipids in the chitinous residue (2.02 ± 0.46%) was higher 
than those reported by Cremades et al., (2001) of 0.7% in pure chitin of the 
waste of crab. The total lipid content was high in the lipidic paste, but this 
can be used for the recovery of astaxanthin (Armenta-Lopez et al.  2002). The 
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difference in the results may be due to the differences in species and the 
nature of the compound chitin-protein in the residue of diverse crustaceans. 
 The total content of amino acids in the fractions obtained from the 
fermentation showed that liquid hydrolysate contains the largest amount of 
amino acids, and these results are equivalent to those reported by other 
researchers in samples from heads and shells of shrimp (López-Cervantes et 
al., 2006c; Bueno-Solano et al., 2009). The content of residual amino acids in 
the raw chitin, lipidic paste and fine solids was less than 268 mg per g (dry 
weight). However, different results have previously been obtained for other 
protein hydrolysates produced by commercial protease, before the shrimp 
waste is processed to chitosan Gilberd & Sterberg, (2001). The presence of 
essential amino acids in the liquor indicates a high nutritional value that 
justifies its use as a supplement for the animal and aquaculture industry 
(Shahidi et al., 1994; Simpson et al., 1998; Cremades et al., 2001). Another 
important characteristic of liquid hydrolysate is the presence of amino acids 
such as alanine, arginine, glycine, glutamic acid, proline and, particularly, 
methionine, which are responsible for flavor (Simpson et al., 1998). The 
presence of amino acids in these fractions can be attributed to the 
fermentative process, with two simultaneous effects, a deproteinization and 
demineralization, and the breaking the chitin-protein complex, producing 
partially purified chitin and the release of amino acids from proteins or other 
fractions like lipidic paste. The lipid paste fraction contains protein-carotene 
(mainly astaxanthin), polyunsaturated fatty acids and minerals, mainly 
calcium carbonate (Guillou, Khalil & Adambounou, 1995; Beaney et al., 
2005). One must consider that the separation of each of the phases was 
performed manually, and the protein fraction was not completely withdrawn 
from the raw chitin and the lipidic paste. Additionally, the presence of amino 
acids in the fine solids were attributed to the recovery, in some measure, of 
liquid hydrolysate, that is rich in protein, from the washed raw chitin.  
 The average purity was 59.1% for samples of raw chitin. These results 
indicate that the conditions, generated during fermentation, promoted the partial 
release of proteins and minerals from exoskeleton shrimp (Cira et al. 2002). In 
previous work, pure chitin has been found to have 89 to 98% purity from 
shrimp heads and shells (López-Cervantes et al. 2007), and similar values have 
been reported in chitin obtained from crab legs (Zhu, Cai, Yang & Su, 2005). 
Therefore, these results suggest that the chitin requires a purification process 
that includes depigmentation, deproteinization, demineralization, and blanching 
to improve its quality (Cremades et al. 2001). 
 Sachindra, Bhaskar & Mahendrakar, (2005) found that the major 
carotenoid in shrimp waste is astaxanthin which accumulates as astaxanthin 
monoester.  The results of this study indicated that the major fatty acids in the 
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extracts are palmitic, stearic and oleic acids, and, consequently, astaxanthin 
may also be esterified with these fatty acids to yield mono- and diesters. On 
other research, Coral-Hinostroza & Bjerkeng, (2002) have reported that 
astaxanthin monoesters were rich in polyunsatured fatty acids, in particular 
C22:6n3, when they analyzed samples of pelagic red crab langostilla.  
 In conclusion, the results of our investigation suggest that lactic 
fermentation facilitates the separation and partial purification of the main 
components of shrimp waste such as hydrolysates, which are rich in amino 
acids, raw chitin, and a paste rich in astaxanthin and fatty acids. Also, the 
lactic fermentation is a simple, economical and environmentally friendly 
method for obtaining these products. And as a final point, these byproducts 
may have potential as natural products for use in the pharmaceutical or 
develop the aspect valorization of shrimp byproducts. 
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