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Abstract

This paper presents the results of technology optimization for isolation of target BAS by extraction. The objects of the

study were the tissue of pork pancreas, duodenum, and gastric mucosa. The studies have shown that the optimum stir-

ring speed for maximum protein yield was 600 rpm, whereas 800 rpm caused excessive foaming, which increased costs for

defoamers. Extraction at the speed of 400 rpm resulted in decreased protein yield and increased extraction time. Electro-
phoretic study showed that the rate of extraction did not qualitatively affect the profile of protein and peptide extracts, but
quantitatively affected the yield of specific protein fractions. Comparison of electrophoregrams with international protein

databases showed high tissue specificity of investigated internal organs, while the intensification of protein bands on the

tracks was observed predominantly in the range less than 70 kDa. The obtained results allowed to identify the technological

modes of target biologically active substances isolation from the pork tissues that are recommended for use in animal feed.
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Introduction

Recent publications indicate the relevance of slaughter by-prod-
ucts as a source for the development of feed additives aimed at
the treatment and prevention of gastrointestinal tract diseases of
farm animals, and as optimal substitution for antibiotics. But, un-
fortunately, almost all newly developed or existing feed additives
are produced using traditional technological workflow not includ-
ing detailed study of protein and peptide profile and isolation of
target biologically active substances that may be involved in bio-
logical and physiological processes in the body of animals. The
aim of the work was to determine the technological approaches
to isolation of BAS from the tissues of pork pancreas, duode-
num, and gastric mucosa [1], as well as description of their pro-

tein and peptide profile.

Materials and Methods

Objects of the study were saline extracts of pork pancreas, duo-
denum, and gastric mucosa. Extraction of raw material was per-
formed as follows: grinding -> extraction -> obtaining of supet-
natant (centrifugation or filtration). Raw material was deep-frozen
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at minus 40°C, then ground in a meat grinder (KENWOOD,
England) with a hole diameter of 3-5 mm. Next, the extraction
was performed using laboratory dispersing unit (Laboteks, Rus-
sia) at a ratio of tissue and 0.9% sodium chloride volumes as 1:5
and temperature of 4-5°C, while stirring speed was varied (400,
600, and 800 rpm). Selection of extract samples for determination
of protein concentration was performed prior to extraction, every
5 minutes during the first 30 minutes and subsequently every hour
during 8 hours. The selected samples were centrifuged in CM-
6M centrifuge (ELMI, Latvia) at 3500 rpm for 5 minutes, then
the supernatant was collected, in which the protein concentration
was determined by biuret method using BioChemSA photometer
(HTI, USA).

Pancreas and gastric mucosa extracts were separated from the
suspension by filtration through a cloth filter, and the duodenum
extract was separated by centrifugation at 2000 rpm for 2 minutes.

To perform electrophoretic studies, 2 samples for each extract
were selected: 1 - point of maximum protein concentration at

given rotation, and 2 - extract after the extraction.

Analysis of protein composition was performed by denaturing
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gradient electrophoresis in 7-25% PAGE, using Fermentas mark-
er (Fermentas, Lithuania) as a tracking dye.

Results and Discussion

At the speed of 800 rpm, maximum protein concentration in
samples of pancreas (Figure 1, A) was detected for the extraction
during 6 hours (32.45 g/L). At 600 rpm, the protein concentra-
ton reached 32.15 g/L during the first 1.5 hours and stayed al-
most unchanged. During the extraction of pancreas at the speed
of 400 rpm, the protein concentration within the first 10 minutes
dramatically increased up to 25.0 g/L, and then varied sinusoidally
for the next 3 hours not exceeding 31.3 g/L. This is supposedly
due to the enzymatic hydrolysis typical for low extraction rate.

It is worth noting that before the extraction of pancreas tissues,
"zero samples” have already contained protein (5.8 to 7.9 g/L).
The protein concentration in "zero sample" from the extract of
the gastric mucosa (Figure 1, B) accounted for only 0.7 to 1.02
g/L, and then the protein concentration increased with no major
changes. With the stirring speed of 800 rpm for 7 hours, the pro-
tein concentration increased up to 11.9 g/L. Maximum protein
yield was obsetved during fourth hour of extraction (12.7 g/L),
and with further extraction reduction of protein concentration
was observed down to 11.9 g/L. With the stitring speed of 600
rpm, there was more intense protein yield. After three hours of
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extraction, the protein concentration reached the maximum value
of 12.7 g/L (at 800 tpm, such value was observed after 4 hours),
then the protein concentration reduced to 12.3 g/L due to au-
tolysis and enzymatic hydrolysis typical for a long time extraction.
With the stirring speed of 400 rpm, the protein concentration
increased to 11.75 g/L (6 hours), and after 8 hours this value did
not reach 12 g/L.

The protein concentration in "zero samples" of duodenum were
0.64 to 0.90 g/L. Extraction at the speed of 800 rpm was charac-
terized by an increase in protein content up to 13.35 g/L (Figure
1, B). The maximum concentration of protein (16.28 g/L) was
found during the third hour of extraction, after which a sharp
decline was observed. With the extraction rate of 600 rpm for 2
hours, more steady increase in the protein content (up to 16.55
g/L) was shown with further reduction.

Extraction at the speed of 400 rpm for 6 hours was characterized
by increase of protein concentration up to the maximum value of
16.13 g/L, followed by reduction. Usage of high speed stirting
(800 rpm) was characterized by rich foaming resulting in increased
costs for defoamers. At the stirring speed of 400 rpm, the protein
concentration in the extracts reached maximum values at longer
extraction time, which involves extra energy costs.

Electrophoregrams analysis showed the presence of large

Figure 1. Optimization of Conditions for Extraction of Biologically Active Substances of Protein and Peptide Nature from
the Tissues of Slaughter Animals. Legend: A - pancreas; B - gastric mucous; C - duodenum.
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amounts of low molecular weight and high molecular weight pro-
teins in studied extracts. The composition of each tissue extracts
were identical for all applied speed rates. The highest intensity
of protein bands was observed on the tracks at 600 rpm (Fig-
ures 2, 3, and 4). Proteomic profiles of pancreas, gastric mucosa
and duodenum extracts obtained at different stirring speeds were
analyzed in accordance with the UniProt Protein DataBase. The
pancreatic extracts (400 rpm - tracks 1 (3 hours) and 2 (8 hours),
600 rpm - tracks 3 (2 hours) and 4 (8 hours), 800 rpm - tracks 5
(6 hours) and 6 (8 hours)), along with major structural proteins,
presumably contain a number of minor proteins that are charac-
terized by the tissue specificity (Figure 2).

Low molecular weight protein fractions, along with major struc-
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tural proteins, presumably contain (MW 35-10 kDa) gastrin
stimulating the secretion of pancreatic enzymes, insulin involved
in glucose metabolism 2|, pancreatic polypeptide that inhibits
pancreatic secretion and stimulates secretion of gastric juice (3],
phospholipase A2, AIF-1 involved in humoral immunity; gluca-
gon (21 kDa), which plays a key role in glucose metabolism; glu-
tathione-S-transferase omega 1, and so on. Fractions in a range
of 70 to 38 kDa presumably contain the following proteins and
enzymes: ISL1 (40 kDa) and MNX1 (40 kDa) involved in the
restoration of pancreatic exocrine function and formation of cel-
lular immunity; carboxypeptidase Al (47 kDa) and B (47 kDa),
protein (WLS gene) (52 kDa) involved in regulation of exocrine
pancreatic function and intercellular protein transport; ATP-
binding cassette transporter of G subfamily (72 kDa) responsible

Figure 2. Electrophoresis of pancreas extracts in 7-25% gradient PAGE.
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Figure 3. Electrophoresis of gastric mucosa extracts in 7-25% gradient PAGE.
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Figure 4. Electrophoresis of duodenum extracts in 7-25% gradient PAGE.
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for transmembrane transport 4], and so on. Electrophoretogram
analysis of gastric mucosa extracts (Figure 3) at 400 rpm - track
7 (9 hours), 600 rpm - tracks 8 (3 hours) and 9 (8 hours), 800
rpm - tracks 10 (4 hours) and 11 (8 hours) also showed no sig-
nificant differences between them. All extracts in the range of
6 to 35 kDa presumably contain the following functional pep-
tides and proteins: cardiac phospholamban involved in membrane
transport, pepsin B involved in digestion, secretin stimulating the
secretion of gastric juice; lysozymes C-1, C-2, C-3, aquaporin-3
(31 kDa) [5], and beta-subunit of H(+)/R(+)-ATPase involved
in water, salts, and ions transport [6]. The range of 75 to 35 kDa
presumably contain interferon stimulating protein involved in the
mechanism of innate immunity and induction of interferon genes
expression [7], anion-exchange protein involved in the transport
of carbon dioxide and maintaining the acid-base balance [4].

Proteomic analysis of duodenum extracts (Figure 4) at the stirring
speed of 400 rpm - tracks 12 (6 hours) and 13 (8 hours), 600 rpm
- tracks 14 (2 hours) and 15 (8 hours) and 800 rpm — tracks 16 (3
hours) and 17 (8 hours) revealed the presence of protein fractions
with low intensity in the ranges of 40 to 25 kDa and 15 to 7 kDa
that might correspond to cytochrome B oxidase and cytochrome
C oxidase [8], phospholipase A2, inhibitor of Na+/K+-ATPase
(20 kDa) involved in the activation of peptidase inhibitors, hep-
arin-binding growth factor, protein 88 of myeloid differentiation
of primary gene response (MyD, 88.33 kDa) involved in the reac-
tions of the innate immune response, inflammation [9] as well
as in the regulation of transcription factor NF-xB, and so on [4].

Conclusions

The obtained results allowed to identify the optimal technological
modes of pancreas, duodenum, and gastric mucosa extraction.
For duodenum and pancreas, the optimal stirring speed is 600
rpm for 2 hours, and for gastric mucosa this value is 600 rpm for 3
hours. Analysis of proteomic profile in accordance with the inter-
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national protein databases led to the assumption that studied pork
tissues contained proteins and peptides involved in the immune
response, regulation of cellular and humoral immunity, stimula-
tion of digestion and nutrients digestibility. These results support
the usage of duodenal, pancreatic, and gastric mucosa tissues as
a promising source of BAS for the development of feed additive
technology to stimulate immunity and normalize the functioning
of farm animals gastrointestinal tract.
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