Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2021 d0i:10.20944/preprints202107.0643.v1

Article

Chemical characterization of Atlantic cod (Gadus morhua) col-
lagen hydrolyzed using enzyme preparation derived from red
king crab (Paralithodes camtschaticus) and its potential as a
core component of bacterial culture medium

Vitaliy Yu. Novikov !, Nadezhda V. Shumskaya !, Vyacheslav A. Mukhin !, Konstantin V. Zolotarev 2", Anton N.
Mikhailov 2,Valeriya I. Nakhod 2 and Marina V. Mikhailova 2

1 Polar Branch of the Russian Federal Research Institute of Fisheries and Oceanography, 6 Akademik Knipo-
vich str.,, Murmansk, 183038 Russia; pinro@vniro.ru

2 Institute of Biomedical Chemistry, 10 Pogodiskaya str., Moscow, 119121 Russia; inst@ibmec.msk.ru

* Correspondence: fireaxe@mail.ru; Phone: +7 916 433 17 90

Abstract: The Atlantic cod (Gadus morhua) and red king crab (Paralithodes camtschaticus) processing
wastes are massive and unutilized in the Murmansk region of Russia. The samples of
skin-containing waste of Atlantic cod fillets production were hydrolyzed using enzyme prepara-
tions derived from red king crab hepatopancreases, porcine pancreases and Bacillus subtilis bacte-
ria. The activity of enzymes from crab hepatopancreases was significantly higher than the activity
of enzymes derived from other sources. The optimal conditions of the hydrolysis process have been
figured out. The samples of cod processing waste hydrolysate were analyzed for amino acid
composition and molecular weight distribution. The samples of hydrolysate were used as core
components for bacterial culture medium samples. The efficiency of the medium samples was
tested for Escherichia coli growth rate; the most efficient sample had efficiency 95.3% of that of a
commercially available medium based on fish meal. Substitution of medium components with
those derived from industrial by-products is one of the ways to decrease a cost of a culture medium
in biopharmaceutical drug production.

Keywords: processing waste; Atlantic cod; collagen; red king crab; enzyme preparation; collagen
hydrolysate; culture medium.

1. Introduction

The connective tissue of living organisms plays important structural and protective
role, forms a supporting frame (stroma) and outer covers (dermis) of all organs. Most of
the fibrous connective tissue consists of fibrillar proteins - collagen and elastin, which
provide strength and elasticity to connective tissue. Collagen makes up about 25% of to-
tal protein of the connective tissue.

The mechanical properties of collagen are related to its primary and spatial struc-
tures. Collagen molecule is a right-handed helix of three a-chains. The primary structure
of collagen is characterized by high content of glycine, low content of sulfur-containing
amino acids and the absence of tryptophan. Collagen is also characterized by
non-standard amino acids — about 21% of the total amount of residues is
3-hydroxyproline and 4-hydroxyproline [1,2]. Collagen is the only type of protein that
contains hydroxyproline. This amino acid is formed by hydroxylization of a proline res-
idue after the formation of polypeptide chains.

Currently, the production of fish products is accompanied by a large amount of
protein-containing waste, which makes up from 30 to 70% of the feedstock and contains
mainly connective tissue proteins including collagen. In this regard, the isolation and use
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of fish collagen can solve the problem of reducing waste from the marine fishery and fish
processing industry.

Various types of connective tissue proteins can be isolated from fish tissues (skin,
bones, scales, fins) and invertebrates (echinoderms, crustaceans, jellyfish). Fish skin con-
tains 20-30% protein; up to 90% of this protein is similar to collagen [3].

Commercial collagen is derived mainly from the skin of cattle and pigs. However,
religious traditions and animal disease occurrence (e.g., bovine spongiform encephalo-
pathy) limit the widespread use of these sources of collagen [4]. Collagen of marine
origin is safer and an important alternative to collagen from terrestrial animals. For this
reason, a lot of studies are focused on collagen derived from marine aquatic organisms
and its derivatives [3,5,6].

Various hydrolysate products are also produced from collagen. Currently, the
products with a low hydrolysis degree (HD) are produced worldwide, e.g. gelatin for
cooking or collagen preparations for cosmetics or wound healing [7]. Collagen hydroly-
sates are also of interest as a source of specific proteins and peptides with antioxidant,
anti-inflammatory and other biological properties [8-11]. The scope of application of
collagen expands significantly with an increase in its solubility, therefore, a large number
of studies have recently been aimed at obtaining acid-soluble collagen and highly hy-
drolyzed collagen [12,13]. Antioxidant activity, anti-aging effect, prevention and weak-
ening of osteoporosis and osteoarthritis, small wound healing improvement, anti-tumor
effect, reduction of risk of cardiovascular diseases, anti-inflammatory effect have been
reported in various preclinical and clinical trials of collagen hydrolysates [14].

The use of a unique enzyme preparation (EP) isolated from the hepatopancreas of
the red king crab is of particular interest for collagen hydrolysis [15]. Previously, the
possibility of hydrolysis of muscle proteins of various marine fish and invertebrates us-
ing this EP was studied; hydrolysates with moderate HD (about 20%) for nutrient broths,
feeds for poultry and fish [16], as well as hydrolysates for culture media with high HD
(about 40%) [17] were obtained and characterized. The possibility of using collagen hy-
drolysates as components of culture media has been proved for clostridia [18] and
bifidobacteria [19].

One liter of a basic Dubecco's culture medium (DMEM) costs about 3 US dollars [20].
During the fermentation process, about 150 L of culture medium is necessary to produce
1 kg of a biopharmaceutical drug [21], so the medium costs $450 per 1 kg of a drug. Thus,
culture medium cost is one of the most substantial components of biopharmaceutical
drug production cost. Substitution of medium components with those derived from in-
dustrial by-products is one of the ways to decrease a cost of a culture medium.

The Atlantic cod and red king crab processing wastes are massive and unutilized in
the Murmansk region of Russia, so their cost is quite low. Thus, it is reasonable to study
the Atlantic cod collagen hydrolyzed using EP derived from red king crab and to esti-
mate its potential as a core component of a bacterial culture medium.

2. Results and Discussion

2.1. Proteolytic activity of the EPs using a standard substrate

Proteolytic activity of the EPs (the EP derived from red king crab hepatopancreas;
Pancreatin from porcine pancreases and Protosubtilin from Bacillus subtilis for compari-
son) was estimated using a standard substrate (sodium caseinate) by tyrosine elimination
measurement. The results were 595 + 11 umol Tyr/g of protein for the crab hepatopan-
creas EP, 1075 + 12 umol Tyr/g of protein for Pancreatin and 560 + 8 pmol Tyr/g of pro-
tein for Protosubtilin.
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2.2. HD of collagen hydrolysates (CHs) prepared using various EPs

The samples of cod processing waste were hydrolyzed with the EPs; HD was cal-
culated as ratio of free amino nitrogen (FAN) content to total N content. See Figure 1 for
the results.
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Figure 1. Hydrolysis degree (HD) of collagen hydrolysates (CHs) prepared at 50 °C using various
enzyme preparations (EPs) (mean + SD): 1 — EP derived from red king crab hepatopancreas; 2 —
Pancreatin; 3 — Protosubtilin.

The activity of the EP derived from red king crab hepatopancreas for the cod pro-
cessing waste collagen was significantly higher (ANOVA p < 0.01) than the activity of
Pancreatin and Protosubtilin, despite its activity for sodium caseinate was significantly
lower than that of Pancreatin. Apparently, this is due to the specific collagenolytic activ-
ity of the crab hepatopancreas EP, as it was observed earlier [15].

2.3. Molecular weight distribution (MWD) of CHs prepared using various EPs
The MWD of the CHs was studied; see Figure 2 for the results.
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Figure 2. Molecular weight distribution (MWD) of CHs prepared at 50 °C during 240 min using

various EPs (median values): 1 — EP derived from red king crab hepatopancreas; 2 — Pancreatin; 3 —
Protosubtilin.
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The molecular weight of the peptides obtained using the crab hepatopancreas EP is
shifted to a field of lower values, which is corresponding to a greater HD.

According to the results in 2.1-2.3 subsections, we concluded that the crab hepato-
pancreas EP is an optimal EP for the cod processing waste hydrolysis. During the next
phases of the study, we figured out the optimal conditions of the cod processing waste
hydrolysis process using the crab hepatopancreas EP (the tested samples were mixed in
equal proportion).

2.4. Optimal pH during hydrolysis

The optimal pH of the reaction mixture (adjusted during the hydrolysis process) was
determined as the one at which the maximum FAN content of the CH was observed
(Figure 3).
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Figure 3. Free amino nitrogen (FAN) content of CHs (mean + SD) after the hydrolysis during 60
minutes at 37 °C and various pH; EP to substrate weight ratio is 0.03.

The optimal pH was 7.

2.5. Optimal EP to substrate ratio for hydrolysis

The optimal EP to substrate (collagen isolated from cod processing waste) weight
ratio was determined as the minimum one at which the maximum FAN content of the
CH was observed (Figure 4).
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Figure 4. Free amino nitrogen (FAN) content of CHs (mean + SD) after the hydrolysis during 60
minutes at 37 °C, pH =7 and various EP to substrate weight ratios.

The optimal ratio was 0.03; further increase did not affect hydrolysis rate. During the
next phases of the study, this ratio and pH =7 were used.

2.6. Temperature and temporal regime of hydrolysis

The evaluation of the studied regimes of hydrolysis is shown of Figure 5.

HD, % HD, %
35.0

30.0
250 |

20.0

150 |

0 50 100 150 200 250 10 20 30 40 S0 60 70
time, min Temperature, °C

(a) (b)
Figure 5. Evaluation of the regimes of hydrolysis (HD values as mean + SD): (a) 1 - 18 °C; 2 -37 °C; 3-50 °C; 4 - 60 °C; 5 —
70 °C; 6 — 37 °C without EP; (b) 1 - 15 min; 2 — 30 min; 3 — 60 min; 4 — 120 min; 5 — 240 min.

The collagen is not actually hydrolyzed at 37 °C without enzymes (Figure 5a curve
6).

The addition of EP caused a noticeable increase in HD even at room temperature
(Figure 5a curve 1). With an increase in the temperature of the incubation mixture to 50
°C, the rate of hydrolysis grew further (Figure 5a curves 2 and 3). The maximum HD
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achieved at 50 °C was about 32% after 4 hours of incubation. At a higher temperature (60
°C), a noticeable inactivation of EP began, which led to a decrease in the rate of collagen
hydrolysis (Figure 5a curve 4). At 70 °C, after 30—40 minutes of treatment, collagen hy-
drolysis stopped (Figure 5a curve 5) due to complete destruction of the enzymes.

According to Figure 5b, the maximum HD was observed after 240 min of hydrolysis
at 50 °C.

The MWD of the CHs obtained at various temperatures was studied (Figure 6).
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Figure 6. MWD of CHs prepared during 240 min at various temperatures (median values): 1 - 18
°C;2-37°C;3-50°C;4-60°C; 5-70 °C; 6 — 37 °C without EP; 7 - proline; 8 — untreated collagen.

When the EP was used, a rapid decrease in the molecular weight (MW) of collagen
was observed even at room temperature (Figure 6 curve 1). At higher temperatures (37,
50 °C), the HD grew, leading to the formation of low molecular weight peptides. At the
temperatures higher than 50 °C, the HD decreased due to destruction of the enzymes.

2.7. Analysis of MWD of the CHs

Interestingly, when the EP was used, the MW of the hydrolysate proteins almost
abruptly decreased to 2.5-3 kDa. Next, the two main fractions were formed with MW of
about 350 and 1500 Da (Figure 6 curve 2). At 37 °C, both fractions were clearly expressed,
and at 50 °C, fraction with higher MW decomposed, leading to the formation of the main
fraction with MW of about 300 Da (Figure 6 curve 3).

Hydrolysis did not result in formation of free proline or any other free amino acid in
significant quantities (Figure 6 curve 7). Apparently, the crab hepatopancreas EP mainly
consists of endopeptidases which decompose collagen into low-molecular peptides with
MW of about 300 Da.

During the enzymatic hydrolysis, there was no gradual decrease in MW and gradual
shift of the chromatographic peak towards lower MW values, but a sharp decrease in
MW and splitting into two large fractions with maxima in the field of 250-350 Da and
1000-2000 Da was observed.

When analyzing the MWD profile, it can be seen that MW does not change mono-
tonically, but is grouped into several fractions, the peaks of which are superimposed on
each other. With HD growth, the peaks of higher MW fractions decrease and the peaks of
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lower MW fractions increase. Apparently, this is due to the different probability of
cleavage of peptide bonds between different amino acids, which is determined by the
peculiarities of enzymes of the crab hepatopancreas EP.

2.8. Amino acid composition of the untreated collagen and CHs
The amino acid composition is shown in Table 1.

Table 1. Amino acid composition and taurine content in the untreated collagen, CHs and other samples of fish collagen and gelatin
(median values), residues/1000 total residues.

Amino Untreated CH prepared at Collagen Gelatin
acid  collagen 18°C 37°C  50°C 60 °C 70 °C [22] [23] [24] [25] [26]
Asp 59 58 58 58 58 65 51 53 52 50 52
Glu 71 66 67 67 67 75 71 80 75 79 78
Ser 62 58 60 58 57 61 67 59 69 52 64
His 8 6 7 7 8 9 8 8 8 7 8
Gly 358 347 384 428 393 395 332 342 345 325 344
Thr 21 20 21 19 20 20 23 23 25 28 25
Arg 41 40 42 38 40 39 51 54 51 48 56
Ala 92 91 95 87 91 89 106 107 107 102 96
Tyr 2 3 3 3 3 3 4 4 5 10 3
Val 14 16 16 15 15 15 19 19 19 15 18
Met 5 1 1 4 5 4 17 15 13 5 17
Trp 0 0 0 0 0 0 ND! ND ND 0 ND

Ile 9 10 10 9 9 9 11 12 11 9 11
Phe 9 10 10 9 10 10 12 12 13 41 16
Leu 18 19 20 17 19 18 21 22 23 18 22
Lys 0 12 3 0 5 0 26 29 25 23 27
Pro 134 141 115 94 114 109 91 103 102 84 106
Hyp 60 64 52 49 49 42 55 51 53 70 50

Taurine 2 2 2 2 2 2 ND ND ND 0 ND

1 No data available.

For most amino acids, the composition of CHs did not significantly differ from that
of the untreated collagen isolated from the cod processing waste. Some amino acids were
deteriorated during the enzymatic hydrolysis.

In general, the amino acid composition of the Atlantic cod processing waste collagen
and its hydrolysates is similar to that of collagen or gelatin derived from other aquatic
animals [22-26]. All the samples have high content of glycine and significant content of
hydroxyproline, which is typical for collagen.

2.9. Bacterial culture medium testing

The CHs were highly water-soluble and transparent. The CHs remained transparent
after sterilization; no sediment was formed. The CH-based media were visually similar to
the GRM-agar control medium.

The results of the media efficiency testing are shown in Table 2.
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Table 2. Results of CH-based media efficiency testing by Escherichia coli growth.

Sample Hydrolysis regime HD. Number of Diameter of Efficiency
number (240 min each) " CFU per 1 mL! colony, mm rate!

1 18 °C 23.0 12.0 x 10° 1-2 0.375

2 37°C 28.8 17.6 x 10° 3-4 0.550

3 37 °C without EP 4.6 3.0 x10° 1-3 0.094

4 50 °C 31.7 30.5 x 10° 2-3 0.953

5 60 °C 28.3 8.4 x10° 4-5 0.262

6 70 °C 18.1 8.4 x 10° 0.5-2 0.262
Control - \ot specified  VOLSPEC 55 0 109 2-3 1
medium fied

1 Median values.

The efficiency of medium samples correlated with the HD of the CHs. The medium
sample no. 4 showed the highest efficiency rate (ratio of number of CFU of Escherichia coli
grown for 20 hours at 37 °C in 1 mL of the medium to number of that in control medium);
the size of colonies grown in that media was also the highest. The morphology of the
colonies grown in medium no. 4 was similar to that of the colonies grown in the control
medium. This sample had the highest HD value and was obtained in the pre-defined
optimal hydrolysis conditions.

3. Materials and Methods

3.1. EPs for hydrolysis

The red king crab hepatopancreas EP was obtained from the crab processing waste;
the crabs were captured in the Barents Sea. The hepatopancreas samples were dissected,
frozen in liquid nitrogen and transferred to the laboratory. Next, the samples were de-
frost in 5% NaCl solution (4:1 solution volume to hepatopancreas weight ratio) at 20 °C
for 14-18 h with periodical stirring to the complete autolytic disintegration of the sam-
ples. The mixtures were filtered through a sieve (0.1 mm mesh size). Next, 4.5% NaHCOs
solution (0.12:1 volume ratio) and 0.3% chitosan ascorbate solution (0.8:1 volume to the
initial volume ratio) were added to the filtrate, and the mixtures were left for 1.5 h at
room temperature with gentle stirring for lipid flocculation. Then the mixtures were fil-
tered through coarse calico and through filters with 10 kDa retention capacity. The fil-
trates were dried in a FD-8 freeze dryer (Witeg, Wertheim am Main, Germany). Five
samples of the EP were prepared for comparison, each one from several hepatopancre-
ases.

Pancreatin was produced from porcine pancreases by MP Biomedicals (Santa Ana,
CA). Protosubtilin was produced from Bacillus subtilis by Sibbiopharm (Berdsk, Russia).

3.2. Estimation of proteolytic activity of the EPs using a standard substrate

The standard substrate was sodium caseinate (Sigma-Aldrich, St. Louis, MO). Its
solution was made up from 8 mL of 1 M NaOH, 36 g of urea, 10 mL of pre-prepared 22%
sodium caseinate solution, 72 mL of water and kept in water bath at 25 °C for 30-60 min.
Next, 10 mL of 1 M KH2POs and 4 g of urea were added. This was the substrate solution.

One milliliter of the enzyme solution was added to 5 mL of the substrate solution,
the mixture was stirred and kept in water bath at 25 °C for 10 min. Then 10 mL of 0.3 M
trichloracetic acid was added, the mixture was stirred and filtered through Whatman No.
3 filter paper. Ten milliliters of 0.5 M NaOH was added to 5 mL of the filtrate, and 3 mL
of phenol reagent [27] was rapidly added with stirring.
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The standard solution was prepared with adding 0.145 mg of tyrosine (Sig-
ma-Aldrich, St. Louis, MO) to 5 mL of 0.2 M HCI. Ten milliliters of 0.5 M NaOH were
added to 5 mL of the mixture, and 3 mL of phenol reagent [27] was rapidly added with
stirring.

After 2-10 minutes, the tyrosine concentration was measured in a colorimeter with a
red filter against the standard solution using a preliminarily made calibration [28]. Pro-
teolytic activity of the EP was calculated as amount of tyrosine per the EP portion weight
used for the enzyme solution preparation.

3.3. Collagen isolation and hydrolysis

The skin-containing Atlantic cod processing waste samples were obtained from the
cod fillet producing factories in Murmansk region, Russia. The samples were frozen and
transferred to the laboratory. The samples were washed with water, treated with 3%
acetic acid for 15-20 h at 60-65 °C, and the sediments were removed via centrifugation.
The collagen was isolated via filtration through filters with 50 kDa retention capacity and
dried in a FD-8 freeze dryer.

The collagen was dispersed in water (1:10 ratio), the EP was added, and hydrolysis
was performed in a water bath. The CHs were dried in a FD-8 freeze dryer. Five samples
of each CH were prepared for comparison.

3.4. FAN content and HD determination

At the day of the analysis, 10 mL of the 40% formalin was neutralized with 0.1 M
NaOH to pH =7. Control titration: 10 mL of the neutralized formalin was added to 20 mL
of distilled water, and the solution was titrated with 0.02 M NaOH to pH =9 with con-
stant stirring. Sample titration: a preliminarily weighed portion of a CH sample (0.2-0.3
g) was dispersed in 20 mL of distilled water and neutralized with 0.1 M NaOH to pH =7;
next, 10 mL of untreated 40% formalin was added, and the solution was titrated with 0.02
M NaOH to pH =9 with constant stirring. FAN content (in % by weight) was calculated
using the following equation:

FAN = 0.028(V—V0)I (1)
m
where V is the volume of 0.02 M NaOH spent for sample titration (in milliliters);
Vo is the volume of 0.02 M NaOH spent for control titration (in milliliters);
m is the CH portion weight (in grams).
The total nitrogen content was determined using the Kjeldahl method with a Kjeltec
1002 System Distilling Unit (Tecator AB, Hogands, Sweden). HD was calculated as ratio
of FAN content to total N content.

3.5. Determination of pH

A SevenExcellence pH meter with InLab Expert Go-5m-ISM electrode (Mettler To-
ledo, Greifensee, Switzerland) was used to determine pH during FAN content determi-
nation, hydrolysis and culture media samples preparation. During hydrolysis, pH was
adjusted using 0.1 M NaOH and 0.1 M HCL

3.6. MWD analysis

A portion of a sample was dispersed in 0.15 M NaCl solution to concentration of 1%.
The suspension was filtered through a membrane filter with 0.15 um pore size.

MWD was analyzed using size-exclusion high-performance liquid chromatography
with LC-10Avp chromatographer with SPD-10Avp UV/VIS Detector (Shimadzu Scien-
tific Instruments, Columbia, MD) equipped with TSKgel Alpha-M (30 cm x 7.8 mm, 13
pm particle size) and TSKgel Alpha-2500 (30 cm x 7.8 mm, 7 pm particle size) columns
(Tosoh, Tokyo, Japan). 0.15 M NaCl solution was used as eluent with 0.8 mL/min elution
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speed. Absorbance was detected at 210 and 280 nm. Proline standard was produced by
Sigma-Aldrich (St. Louis, MO).

3.7. Amino acid analysis

Ten milligrams the sample was dissolved in 1 mL of distilled water. The solution
was 25x diluted, and 50 uL of the solution was dried up in an ampoule. Then 100 uL of 6
M HCI was added and the ampule was sealed under vacuum. Acidic hydrolysis was
performed for 24 hours at 110 °C. After that, the ampoule was opened and the solution
was dried up in the Eppendorf 5301 vacuum concentrator (Eppendorf, Hamburg, Ger-
many). Finally, 50 uL of 0.1 M HCI was added to the dried sediment.

The amino acid analysis was performed using Agilent 1200 series chromatographic
system equipped with fluorescent detector and ZORBAX Eclipse AAA (5pum; 4.6 x 150
mm) column (Agilent Technologies, Santa Clara, CA). The mobile phases were 40 mM
pH 7.8 phosphate buffer solution (Solution A) and 80% water solution of acetonitrile
(Solution B). Borate buffer (pH = 10.2) and o-phtalaldehyde were used for amino acid
derivatization. See [29] for details.

3.8. Bacterial culture medium testing

A medium sample was prepared as a water solution containing the CH (0.15% by
FAN), NaCl (0.5%) and agar (2%); pH was adjusted to 7.0 with 0.1 M NaOH. The control
medium was GRM-agar (FBIS SRCAMB, Obolensk, Russia) based on fish meal hydroly-
sate. The medium was poured into Petri dishes and large glass tubes (for slant agar) and
sterilized by autoclaving at 121 °C for 20 min. Escherichia coli test culture was streaked
onto solidified medium in Petri dishes; the dishes were incubated for 20 hours at 37 °C.
The colonies were measured, and their morphology was studied.

For efficiency estimation, the culture stored on slant agar was washed and diluted
with pre-sterilized 0.9% NaCl solution to adjust its turbidity to the McFarland Standard
with 1.0 x 10° CFU/mL (FSBI “SCEEMP”, Moscow, Russia). The diluted solution was 2x
diluted with pre-sterilized 0.9% NaCl, and 0.1 mL of it was streaked with a pre-sterilized
glass pipette onto 5 ml of the slant agar (the medium being tested). The tubes were in-
cubated for 20 hours at 37 °C. Next, the culture was washed completely with 2.5 mL of
pre-sterilized 0.9% NaCl, and 0.5 mL the suspension was diluted with pre-sterilized 0.9%
NaCl to adjust its turbidity to the McFarland Standard with 1.0 x 10° CFU/mL. The
number of CFU grown in 1 mL of the medium was calculated as 1.0 x 10° x dilution to
adjust the turbidity at the final step. The efficiency rate was calculated as ratio of number
of CFU grown in 1 mL of the medium being tested to number of CFU grown in 1 mL of
control medium.

4. Conclusions

The EP derived from red king crab hepatopancreas showed significant colla-
genolytic activity and is worth to be used for collagen hydrolysis.

The optimal hydrolysis conditions (pH to be adjusted, EP to substrate weight ratio,
temperature, duration time) were figured out; the criterions of estimation were HD and
MWD.

During the hydrolysis process, the two MW fractions are formed: 250-350 Da and
10002000 Da. Hydrolysis does not result in formation of free amino acids in significant
quantities.

The amino acid composition of the Atlantic cod processing waste collagen and its
hydrolysates is typical for collagen derived from aquatic animals.

The samples of bacterial culture medium based on CHs (only CH + NaCl + agar for
solid media) were tested with Escherichia coli test culture growth. The efficiency of the
medium based on the CH obtained in the pre-defined optimal hydrolysis conditions is
95.3% of that of a commercially available medium based on fish meal.
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The Atlantic cod processing waste collagen hydrolyzed using enzyme preparation
derived from red king crab may be used as a core component of a bacterial culture me-
dium. This is one of the ways to decrease a biopharmaceutical drug production cost.
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