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Abstract 

Enzymatic hydrolysis of sardine viscera by three broad spectrum proteases was investigated using the 
pHstat method (24 h, pH 8, 50 °C). After hydrolysis, three fractions (sludge, aqueous phase and oily 
phase) were collected. For each fraction, lipids and phospholipids were quantified and molecular 
weights of aqueous phase peptides were determined. Under these conditions, the degree of 
hydrolysis (DH) varied from 1.9% (Flavourzyme), 3.1% (Protamex) and to 3.3% (Alcalase). Dry matter 
distribution indicated that all hydrolysis performed increased solubilisation of proteins: protein recovery 
for each hydrolysis ranged from 57.4% to 61.2%. Furthermore, the total lipid content in the liquid parts 
(oily and aqueous phases) increased (at least 85% of lipids quantified in the raw material are in these 
phases) which may improve lipid recovery for commercial applications. In addition, these lipids were 
richer in phospholipids than those extracted by classical chemical extraction, especially after Alcalase 
hydrolysis.  
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1. Introduction 

According to the recent Food and Agriculture Organization (FAO) report on 

bycatch and discards, the weighted discard is estimated at 8%, and the yearly average 

discards are estimated to be 7.3 million tons [1]. While bycatch has declined over the last 

few years, largely due to more selective fisheries and regulations, there is still great 

opportunity to reduce bycatch losses. The growing market for bycatch products for 

human or animal food is due to improved processing technologies and expanding market 

opportunities for lower-value catch. Worldwide, total landings of small pelagics (sardine, 

mackerel and horse mackerel) are about 4 million tons leading to about 50,000 tons of 

discards. 

In addition to their nutritional value [2], phospholipids have also exhibited 

antibacterial [3], antiviral [4-6] and antitumoral [7-9] activities. Currently, phospholipids 

can be obtained from natural sources (oil seeds and egg) [10] or produced by synthesis 

(Larodan Fine Chemicals, Malmö, Sweden ; Avanti Polar Lipid, Alabaster, Alabama for 

example). Although natural phospholipids have been shown to be more bioactive than 

synthetic ones, the extraction procedures (involving organic solvents and 

chromatography) are quite expensive and not environmentally sound. Though production 

of synthetic phospholipids is theoretically cheaper and less polluting, they are not 

currently produced at an industrial scale. Thus, the improvement of lipid extraction 

techniques from fishing discards offers a large opportunity to reduce waste and increase 

profit from a highly valuable by-product. 
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Enzymatic tissue disruption may be a valid alternative technique for releasing 

natural lipids from fish. Previous studies have shown that, when compared to classical 

organic extraction, lipid extraction is enhanced by a pre-hydrolysis step using wide-

spectrum proteases [11] and a part of the oil could be obtained after hydrolysis and 

centrifugation [12]. Furthermore, peptides generated during hydrolysis could also be up-

graded. 

Industry is becoming more and more interested in Fish Protein Hydrolysates 

(FPH) for a variety of applications and properties [13-25]. 

The objectives of this work were to evaluate solvent-free lipid and phospholipid 

extractions using three commercial enzymes (Protamex, Alcalase and Flavourzyme) and 

to pinpoint possible uses for these lipids and associated FPH, in order to provide basic 

knowledge for further studies. 

2. Material and methods 

All analyses were performed in triplicates. 

2.1. Materials 

Sardines (Sardina pilchardus) were provided by Pêcheries Océanes (Nantes, 

France) and were caught in the North East Atlantic in April and June 2004. Fish were 

stored in ice and filleted less than 12 h after catch. Viscera were collected and stored 

under vacuum at – 80°C. Due to high variation in chemical composition of fish according 

to season, sex and length [26;27], samples coming from April and June were mixed 
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together and homogenized with a blender (Waring Commercial, USA) for 1 min. 

Samples were then stored at – 80°C. 

Enzymes used for hydrolysis were provided by Novozymes AS (Denmark). 

Alcalase 2.4 L FG (EC number : 3.4.21.62) is a bacterial serine endopeptidase prepared 

from a strain of Bacillus lichenformis. Protamex (EC numbers: 3.4.21.62 and 3.4.24.28) 

is a Bacillus protease complex. Flavourzyme 500 MG (EC number: 3.4.11.1) is a fungal 

protease/peptidase complex produced by submerged fermentation of a selected strain of 

Aspergillus oryzae. It contains both endoprotease and exoprotease activities. 

2.2. Hydrolysis 

Mixed by-products were homogenized with water (ratio 1/1, w/v). For optimal 

enzyme activity, the mixture was adjusted to pH 8 (with NaOH 1M) and maintained at 

50°C in a water bath. Enzyme (0.1% w/w for Alcalase and Protamex and 1.5% w/w for 

Flavourzyme) was added to the mixture and the system was continuously stirred at 300 

rpm for 24 h. pH and temperature were monitored according to the pHstat method (TIM 

854, Radiometer analytical, SAS, France) with addition of a solution of NaOH 1M. Thus, 

the degree of hydrolysis (DH) could be obtained following the formula: 

tothmp
MVDH

..
100..

α
=  

Where V: volume (mL) of sodium hydroxide consumed during hydrolysis 

 M: molarity of sodium hydroxide 

 α: dissociation factor for α-NH2 groups = 0.88 at 50°C [28] 
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 mp: mass (g) of protein in the raw material introduced in the system (protein 

content was determined according to Crooke et al. [29]) 

htot: total number of peptide bonds in the protein = 8,6 eq.g.kg-1 protein in fish 

samples [30] 

The extent of enzymatic hydrolysis was determined by the cleavage of peptide 

bonds during proteolysis. The DH is defined as the ratio between the total number of 

peptide bonds cleaved and the total number of peptide bonds in the protein substrate, 

expressed as a percentage [31]. 

After hydrolysis, the temperature was increased to 80°C for 10 min to inactivate 

the enzyme, as specified by the manufacturer [32]. The hydrolysate was then centrifuged 

at 17,600 g for 30 min. Three fractions were then collected: sludge, oily phase and 

aqueous (soluble) phase. Each fraction was then freeze-dried and stored at – 20°C until 

analysis. 

2.3. Lipid extraction 

Lipid extraction was carried out according to the Folch procedure [33]. Lipids 

were weighed and results expressed as g of lipid / g of dry matter. The lipid extracts were 

kept in 10 mL chloroform and stored at – 80°C until analysis. 

2.4. Phospholipid content of total lipid extract 

Phospholipid content was evaluated by a colorimetric method [34] based on the 

formation of a complex between phospholipids and ammonium ferrothiocyanate. A 
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standard curve was plotted with standard phosphatidylcholine in chloroform (5 to 50 

µg/mL) and results were expressed as g phosphatidylcholine equivalents / g of dry matter. 

2.5. Analyses 

Molecular weight distribution in the protein hydrolysates was estimated by gel 

filtration chromatography on a FPLC Superdex 75 HR 10/30 column (Pharmacia 

Biotech): exclusion size range of 3,000 to 70,000 Da, eluting solvent: 5% acetonitrile / 

0.1% trifluoroacetic acid / NaOH 50 mM buffer, flow rate: 0.5 mL/min, absorbance: 214 

nm. Standards injected were ribonuclease (13,700 Da), chymotrypsinogen A (25,000 Da), 

ovalbumin (43,000 Da) and albumin (67,000 Da). 

Crude protein content (N x 6.25) was estimated in the raw material and the 

aqueous phase from hydrolysis and determined colorimetrically after Kjeldahl digestion 

using a method described by Crooke et al. [29]. 

Dry matter content was estimated gravimetrically after freeze-drying, and ash 

content by heating samples at 600°C overnight. 

2.6. Statistical analysis 

The analysis of variance (ANOVA) and Fischer tests were carried out by 

Statgraphics Plus (Manugistics Inc, U.S.A.). 

3. Results and discussion 

The proximate chemical composition of sardine’s viscera was : 77.65 ± 0.0 % 

moisture; 1.9 ± 0.0 % ash; 4.9 ± 0.1 % lipids and 15.8 ± 1.1 % proteins. 

3.1. Hydrolysis 
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DH results for Protamex, Alcalase and Flavourzyme were 3.1, 3.3 and 1.9%, 

respectively. It appears that the DH was correlated to the proteolytic activity of each 

enzyme (592, 1956 and 276 µg BSA cut per hour at pH8 and at 50°C, respectively). 

Hence, Alcalase, which has the highest activity, also had the highest DH, followed by 

Protamex and Flavourzyme. DH results obtained were in the same range (not more than 

5% variation) as those previously obtained on sardine with Alcalase 0.1% even under 

different hydrolysis conditions [15;21]. Nevertheless, higher DH have been obtained on 

other fish species [20;23;25], notably after hydrolysis optimization using statistical 

models (such as experimental design) [25;35] This was not the case here where 

hydrolysis was carried out under optimum conditions for enzymes determined in model 

system (hemoglobin hydrolysis), and it is well known that these conditions change with 

the substrate. 

Without hydrolysis (i.e. in the crude viscera), after the centrifugation step, 46% of 

the dry matter was located in the soluble phase, while 30% was recovered in the oily 

phase and 24% in the insoluble part (Fig. 1). After conducting hydrolysis on viscera 

samples, the dry matter distribution was quite similar regardless of the enzyme used 

(about 9% in insoluble part, 11% in oily phase and 80% in soluble fraction). So, dry 

matter content of the soluble part rose during hydrolysis, while the dry matter content of 

the oily phase decreased. However, the total lipid content was higher with hydrolysis, 

which means that the oily phase was richer in lipids after conducting an hydrolysis. Thus, 

the disruption of tissues increased lipid liberation compare to a classical extraction. These 

results also indicate that a large part of material was solubilised during hydrolysis, mainly 

proteins but also lipids. Thus, in addition to solubilising proteins, hydrolysis could 
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improve the quality of the oil phase. A recent study on hydrolysis of cod viscera [36] also 

showed high solubilisation of the dry matter under similar conditions (24 h hydrolysis at 

55°C with Alcalase and Protamex, only pH and pH control were different). Thus, the 

solubilisation of matter appears independent of high DH values. As lipid content in the 

aqueous phase of the raw material was 4%, the proportion of lipids after hydrolysis was 

around 20%. This shows that lipid contents of aqueous and oily fractions were increased 

after hydrolysis regardless of the enzyme used. On the contrary, the constant lipid content 

of sludges (around 30%) with or without hydrolysis indicated that this fraction could be 

considered as the non-hydrolyzed fraction. Protein recoveries and protein contents in 

soluble fraction after hydrolysis are given in Table I. After 24 hours of hydrolysis, protein 

recoveries in soluble parts were in the range of 57.4 – 61.2%. Despite the low DH 

obtained (1.9 – 3.3%), such results are similar to those obtained in other studies on by-

product hydrolysis [20;37]. However, aqueous phases obtained were rich in proteins 

(about 50 %). 

3.2. Lipid content 

After hydrolysis, lipid content was higher than those obtained without enzymatic 

treatment (Fig. 2). The lipids ratio (lipids in sludge + lipids in oily fraction + lipid in 

aqueous fraction / lipids of non hydrolyzed material) was quite similar for Protamex and 

Alcalase (1.37 and 1.39, respectively), while Flavourzyme gave higher values (1.52). 

However, no statistical difference was found among the three enzymes and two clusters 

could be identified, one with the classical extraction and the second one with the three 

enzymatic treatments. These expected results reveal that even with precautions taken 

such as pre-incubation phase of fresh tissues with a polar solvent and a vigorous mixing 
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before adding less polar solvent, the lipid extraction was not complete with classical 

organic extraction. The additional lipids obtained by using proteolytic enzymes were 

probably among the most difficult to extract by classical methods. While a second 

extraction could enhance the yield of extraction, this is more solvent- and time- intensive 

[38]. 

According to statistical analysis, lipid distribution were similar regardless of the 

proteases used. Thus, soluble fractions contained the greatest part of lipids (50-60%) 

followed by the oily phases (32-39%), while sludges possessed only 8 to 12% of the total 

lipids quantified. Lipids contained in liquid fractions (oily and soluble ones) could be 

purified by solvent-free steps (such as filtration or refining). Thus, around 90% of total 

lipids could be recovered using sustainable processes, i.e. without the use of solvents. 

Furthermore, aqueous phases could be up-graded, as feed (due to their high nutritional 

value), food ingredient, nitrogen source in microbial growth media or for their bioactive 

properties [13-25]. In most of the cases, those applications have been established with 

high protein and low lipid contents products. Thus, fat removal has to be performed by 

additional processes such as filtration on specific membranes. 

3.3. Phospholipid content 

Regarding phospholipid distribution (Fig. 3), it appears that enzymatic hydrolysis 

with Flavourzyme did not lead to a higher extraction of phospholipids when compared to 

classical procedure. However, hydrolysis of the raw material by Protamex or Alcalase 

seems to improve phospholipid extraction (increasing factor of 1.75 and 2.82 for 

Protamex and Alcalase respectively). 
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The main portion of the phospholipids was located in the soluble fraction (68 % 

for Flavourzyme and 74% for Alcalase and Protamex), while oily fraction and sludge 

contain less than 20% each. Thus, as mentioned earlier, phospholipids could also be 

further isolated without using solvents (for example with membranes). Such 

phospholipid-enriched fraction could be screened for biological activities [3-9]. At least, 

such products could be used in food or feed as these lipids are known to offer health 

benefits [2]. For example, in aquaculture, larval feed is supplemented with phospholipids 

which appear essential for good development [39]. 

3.4. Peptides molecular weight distribution 

The relative low DH (less than 4%) obtained even after 24-hours hydrolysis did 

not result in a high modification of the molecular weight distribution in our FPH in 

comparison to the one of the raw material (Fig. 4). However, it should be noted that only 

soluble peptides and proteins were analyzed here. 

It is well known that shortening protein reduce their functional properties 

(emulsification, solubility, low bitterness…) [15;16;19]. On the other hand, cutting 

protein in peptides could reveal biological activities [14;21;40], and in some cases, the 

shorter they are the more active they will be [24]. So, a choice has to be made between 

biological and functional properties in order to identify the most valuable possible 

products. 

4. Conclusion 

This work demonstrates the usefulness of enzymatic hydrolysis for up-grading 

fishing industry by-products such as sardine viscera. Thus, in addition to the well-known 
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valuable FPH products, lipidic compounds can also be recovered by a sustainable process 

such as enzymatic hydrolysis and membrane technology. To the best of our knowledge, 

this study was the first to demonstrate how industrially-available wide-spectrum 

proteases enhance the extractability of lipidic compounds from tissues. In addition, these 

lipids are recovered in liquid phases included the most polar ones i.e. phospholipids. This 

phenomenon is observed regardless of the enzyme used (Protamex, Alcalase and 

Flavourzyme). Finally, these results, notably the increase of total lipids after pre-

hydrolysis step, indicate that the classic organic solvent extraction methods used by most 

analysts underestimates the amount of lipids in tissues. A secondary extraction or a 

enzymatic are ways of better estimating the real lipid content in tissues. 
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Fig. 1: Dry matter distribution in the different fractions after centrifugation for non hydrolyzed (raw 
material) and hydrolyzed viscera (Protamex, Alcalase and Flavourzyme). Hydrolysis have been carried out 
during 24 h, at pH 8 and 50°C with 1 volume of water added to raw material. Enzyme concentration were 
0.1% for Protamex and Alcalase and 1.5% for Flavourzyme. 
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Fig. 2: Lipid distribution among raw material (without hydrolysis) and fractions generated after hydrolysis 
and centrifugation (*: statistically different at the level of 5%). Hydrolysis have been carried out during 24 
h, at pH 8 and 50°C with 1 volume of water added to raw material. Enzyme concentration were 0.1% for 
Protamex and Alcalase and 1.5% for Flavourzyme. Results are expressed as g of lipid / g of dry matter. 
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Fig. 3: Phospholipids distribution among raw material (without hydrolysis) and fractions generated after 
hydrolysis and centrifugation. (*: statistically different at the level of 5%). Hydrolysis have been carried out 
during 24 h, at pH 8 and 50°C with 1 volume of water added to raw material. Enzyme concentration were 
0.1% for Protamex and Alcalase and 1.5% for Flavourzyme. Results are expressed as g of phospholipid / g 
of dry matter. 
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Fig. 4 : Gel filtration chromatograms showing the distribution of FPH fraction molecular weight. A: Raw 
material (sardine’s viscera), B: hydrolyzed with Protamex, C: hydrolyzed with Alcalase, D: hydrolyzed 
with Flavourzyme. 1: Albumin (67,000 Da); 2: Ovalbumin (43,000 Da); 3: Chymotrypsinogen A (25, 000 
Da); 4: Ribonuclease (13,700 Da). 
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Table I 

Protein recovery and protein content in aqueous phases. Protein recoveries indicate the proportion of total 
proteins recovered in the soluble phase after hydrolysis. Protein contents are expressed as g of protein per g 
of dry soluble fraction. 

 Protein recovery Protein content 

Protamex 61,2% 0.54 

Alcalase 60,2% 0.54 

Flavourzyme 57,4% 0.52 

Results are based upon total nitrogen content * 6.25. 

 
 




