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Influence of sapropel on the activity of peptidases

Influence of sapropel on the activity of intestinal peptidases in broiler
 chickens
Abstract

At the beginning of the experiment, the weight of weekly cockerels of the Hisex White egg cross (n = 90) was 64.6 ± 0.47 g. At the age of one week, 3 groups (30 individuals 
in each group) were formed. The first group served as a control. They received complete feed. The chickens of the second and third groups received combined fodder, in which 3 % and 5 % of the feed weight was replaced with dry sapropel. The dry sapropel (3 % of the daily feed weight) increases the activity of casein-lytic and hemoglobin-lytic peptidases in the chyme by 1.5 (Р<0.05), in large intestine mucosa by 1.3 (Р<0.05) and in small intestine mucosa by 1.7 times (Р<0.01) compared with the control. The increase of sapropel concentration in feed up to 5 % does not lead to a further increase in the activity of peptidases. The activity of peptidases is minimal at pH 5 and pH 12 and it is maximal at pH 7–8. The inclusion of sapropel in the diet increases the activity of peptidases especially significantly in the 7.0–9.0 zone. 
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Introduction

As it is known, poultry farming is one of the leading branches of agricultural production. Currently, the main research trend in the field of poultry feed production is the search of feed additives which can reduce the proportion of grains and legumes in the diet. The effect of enzyme supplements on the condition of broiler chickens and body weight increase was studied in several studies. So, it was shown that the introduction of amylase in the diet, as well as amylase and protease together during the first 2 weeks  did not influence on characteristics of broilers. However, the addition of a non-starch polysaccharide enzyme in feed increases body weight gain and feed conversion rate (Kaczmarek et al., 2014). In the study of broiler chickens (Ross-308) aged from 1 to 42 days which were fed with non-starch polysaccharide enzyme and proteases, the activity of pancreatic enzymes and the expression of mRNA of trypsin, lipase and amylase in the experimental group significantly increased compared with the control group (Yuan et al., 2017). In addition, it was shown that the introduction of proteases (0.2 g / kg) into broiler chicken (Cobb) feed increased the phylogenetic diversity and abundance of the microbiota (Jeferson et al., 2020), and also improved the condition of the intestinal mucosa (Cardinal et al., 2019). It was also found that enzyme preparations had the positive effect on the immune system of chickens and broiler productivity (Sugiharto, Ranjitka, 2019).
At the same time, the poultry industry needs cheap and affordable feed additives. One of the most promising feed additives is sapropel (Evdokimova et al., 1984; Pshukov, 2010) lining the bottom of some freshwater bodies. Sapropel formed from dead aquatic vegetation, the remains of living organisms, plankton, soil humus particles, contains a significant amount of organic and mineral substances (Kuznetsov et al., 1997). The composition of sapropel depends on the physicochemical parameters of the reservoir and the composition of the biota during the entire period of its existence. Sapropel contains proteins, fats, carbohydrates, amino acids, humic substances, estrogen-like compounds, vitamins, enzymes, and antibiotics (Evtushenko, 1996; Panov and Zhenikhov, 2012). Raw sapropel contains on average 6.8 g / kg of protein and 1.12 g / kg of nitrogen, 2.5 mg / kg of calcium, 0.7 mg / kg of phosphorus, 0.25 mg / kg of carotene, as well as B vitamins, copper, zinc, iron, cobalt and others macro- and microelements. Depending on the ash content and the content of organic substances, there are mineralized (the content of mineral substances is from 70 to 85 %), mineral-organic (50–70 %), organo-mineral (30–50 %) and organic (up to 30 %) sapropels. Sometimes sapropel contains up to 50–60 % organic substances and up to 30–50 % minerals.
Experiments have shown that sapropel is suitable for feeding animals if it contained less than 45 % of ash without admixtures of sand and clay (Kuznetsov et al. 1997
). Several studies shown that sapropel increased productivity and improved the quality of farm animals (Evdokimova et al., 1984; Evtushenko, 1996; Pshukov, 2010; Arzhankova et al., 2017; Pozdnyakova et al., 2019). The inclusion of sapropel in the diets contributed to an increase in the growth rate of chickens, increased their resistance and safety (Slepukhina et al., 2019). In particular, it was shown that the introduction of 3 to 5 % of dry sapropel into the diet of chickens, reduced feed costs, increased their live weight and safety (Pozdnyakova et al., 2019). Using sapropel feed additives (SFA), it was possible to increase the gross live weight gain of broiler chickens by 1.7-2.0% while reducing feed costs per 1 kg of gain by 0.5% (Yurina et al.,  2020).
 If the high survival rate of chickens can be largely due to the bactericidal properties of sapropel, then the weight gain is probably due to the greater activity of enzymes that hydrolyze protein components of feed and make amino acids available for metabolism. This assumption is based on the information that a distinctive feature of young farm birds is the lack of digestive enzymes in their gastrointestinal tract, which leads to a decrease of the absorption of substances necessary for their organism (Zhuravleva, 2014). However there are no data on the effect of sapropel on the activity of chick intestine peptidases
.
The aim of this work was
 to study the effect of dry sapropel on the activity of peptidases functioning in the intestine and carrying out the hydrolysis of proteins and peptides in the feed of Hisex white egg crosses chickens.
Material and methods

The study of the effect of dry sapropel on the activity of peptidases, the growth and the development of chickens of Hisex white egg cross were carried out on the basis of Yaroslavl Zoo and Papanin Institute for Biology of Inland Waters Russian Academy of Sciences. We used the cockerels at the age of 7 days. At this age, 3 groups (30 in each group) were formed according to the principle of analogues. The first group served as a control. The chickens received complete feed
:1 kg of mixed fodder fed during the research period contained: metabolic energy - 2980 kcal, crude fiber - 0.70%, crude fat - 5.45%, crude protein - 21.05%, including lysine - 1.48%, methionine + cystine - 0.92%, tryptophan - 0.27%, calcium - 1.79%, phosphorus - 0.79%, salt - 0.5%. The content of trace elements in one kg of feed was: iron - 50 mg; manganese - 106.67 mg; iodine - 1.0 mg; copper - 9.2 mg; selenium - 0.2 mg; zinc - 70.83 mg. The chickens of the second and third groups received combined fodder, in which 3 % and 5 % of the feed weight was replaced with dry sapropel.
The conditions of keeping chickens in all groups were the same; the birds had free access to water and feed. Chickens were slaughtered at the age of 34 days. The weight of the chickens was determined on VLKT-500M electronic balance with an accuracy of 0.01 g. After that, the intestines were removed and placed on an ice bath  glass, cooled to a temperature of 1–2 °C The intestines cut lengthwise. The chyme was removed with a sterile spoon. Then the mucosa was separated from the muscle layer with a special spatula. Chyme and mucosa samples of the small and large intestines were weighed separately on an analytical balance in 10 ml penicillin vials and filled with chilled saline in a ratio of 1: 9. The contents of the vials were homogenized using a piston-action teflon tube homogenizer. Then the contents we additionally diluted (1: 9).
The activity of casein-lytic and hemoglobin-lytic peptidases (total activity of trypsin, EC 3.4.21.4 and chymotrypsin, EC 3.4.21.1) was evaluated by the increase in tyrosine concentration using the Folin-Ciocalteu reagent. As the substrate, it was used 1% solutions of casein or hemoglobin prepared on physiological saline (pH 7.4). Before the determination of the proteolytic activity of the enzymes, the pH of the homogenate of each preparation and substrate was adjusted to 7.4 using a pH-meter pX-150MI. Homogenates and substrates (pH 7.4) were incubated at 20 ºC for 30 min with constant stirring. The reaction was stopped by adding 1 ml of 0.3 N trichloroacetic acid (TCA). After 10 minutes the incubate was filtered using filter paper. Then, 0.25 ml of the filtrate, 2 ml of 0.5 N NaOH, 0.25 ml of 0.025 N CuSO4 and 0.75 ml of the Folin-Ciocalteu reagent, previously diluted 3 times, were added. To determine the initial content of tyrosine in the samples (background), TCA was added to the homogenate before the addition of the substrate. The other operations were identical. The color intensity of the samples was measured using a KFK-2 photocolorimeter at a wavelength of 670 nm 20 min after the addition of the Folin-Ciocalteu reagent. The level of enzymatic activity was judged by the increase in the reaction products for 1 min of incubation of the substrate and the enzymatically active preparation taking into account the background (the amount of tyrosine in the initial homogenate) per 1 g of fresh tissue mass, mmol / (g min). The enzyme activity at each point was determined in 4 replicates taking into account the background (initial amount of tyrosine). The pH dependence of peptidases was determined at a pH range 5–12 (Egorova  et al, 1974).
The data were statistically processed using Microsoft Excel 97-2003. The mean and error of the mean were determined. Differences between the mean values were considered significant at P <0.05 – P <0.001.

RESULTS AND DISCUSSIONS

The average weight of chickens after 12 days of the experiment in the control group was 93.4 ± 1.8 g, among the chickens receiving 3 % sapropel it was 98.9 ± 1.1 g. The differences are significant (P<0.05). At the end of the experiment (on the 34th day) the weight of the control group chickens was 291.1 ± 3.4 g, both the first and the second experimental groups it was 311.2 ± 3.6 g and 297.0 ± 3.9 g correspondingly, (P<0.01
). According to the studies, the smallest feed consumption per 1 kg of live weight growth was observed among the chickens of the first experimental group (Table 1).

Table 1. Feed efficiency for broiler chickens during all experiment

	Chicken groups
	Total amount of mixed fodder, kg
	Weight of chickens, g
	Feed consumption per 1 kg of live weight, kg

	Control
	19.59
	291.1±3.4
	2.38

	1-st experimental group
	19.00
	311.2±3.6
	2.16

	2-d experimental group
	18.63
	297.0±3.9
	2.22


At the end of the experiment the activity of peptidases functioning in the chyme and intestinal mucosa of chickens from these groups varies considerably (Table 2).
Table 2. The influence of sapropel on the activity of peptidases in the intestine of chickens 
	Substrates
	Variant
	Activity of peptidases, μmol/(g(min).



	
	
	Control
	Sapropel, 3%
	Sapropel, 5%

	Casein
	Chyme
	2.71±0.14 
	4.10±0.11* 
	2.99±0.07

	
	Intestinal mucosa 1

Intestinal mucosa 2
	1.82±0.05 
2.49±0.15
	3.10±0.07** 
3.25±0.08*
	2.65±0.07 
3.02±0.05

	Hemoglobin
	Chyme

Intestinal mucosa 1

Intestinal mucosa 2
	2.58±0.14

1.65±0.07

2.38±0.12
	3.84±0.03* 
2.73±0.06**

3.06±0.03*
	2.69±0.14 
2.25±0.07

2.62±0.14


Note. 1 – small intestine, 2 – large intestine. * – P <0.05; ** – P <0.01.
As the table shows, in all variants of the experiment the level of enzyme activity is higher than in the control. The highest level of enzyme activity, as well as the greatest increase in the activity under the influence of sapropel, was found for the small intestine. So, when sapropel (3 %) is included in the diet of chickens (first experimental group), the casein-lytic activity of peptidases increases in the chyme by 51.3 % (P <0.05); in the small intestine by 70.3 % (P <0.01), in the large intestine by 30.5 % (P <0.05) compared with the control. When sapropel (5 %) was included in the diet of chickens (experimental group 2), the activity of casein-lytic peptidases in the chyme was 10.3 % higher than in the control; in the small intestine – by 45.6 %; in the large intestine – by 21.3 % only. The activity of hemoglobin-lytic peptidases of the chickens of the 1st experimental group was higher than in the control in the chyme by 48.8% (P <0.55), in the small intestine – by 65.5% (P <0.01), in large intestine – by 28.6% (P <0.05). The proteolytic activity of enzymes of the chickens of the 2nd experimental group in comparison with the control was higher in the chyme by 4.3%, in the small intestine – by 36.4% (P <0.99), in the large intestine – by 10.1% only.
Determination of the activity of casein-lytic and hemoglobin-lytic peptidases of the intestinal mucosa of chickens in a wide range of pH values (from 5 to 12) confirmed a greater effect on the level of enzymatic activity of a lower concentration of sapropel (Fig. 1).
When we study the influence of sapropel on the pH dependence the of hemoglobin-lytic activity of chicken intestinal mucosa the similar effect was revealed (Fig. 2).
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Figure 1. The effect of sapropel on the pH-dependence of casein-lytic activity of chicken intestinal mucosa
 

Designations: Here and in Fig. 2 abscissa – pH, ordinate – Peptidase activity, μmol/(g(min). 1 – control group, 2 – 1st experimental group (3 % sapropel), 3 – 2nd experimental group ( 5% sapropel)
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Figure 2. The effect of sapropel on the pH-dependence of hemoglobin-lytic activity of chicken intestinal mucosa. 
As it is known, the main source of digestive enzymes in the intestines of birds is the pancreas secreted into the lumen of the duodenum. Peptidases of pancreatic juice (trypsinogen, chymotrypsinogen, procarboxypeptidases A and B, elastase), entering the intestine, are sequentially activated. Trypsin is activated by enterokinase. Then trypsin activates other peptidases. Impregnating the chyme, they hydrolyze proteins to the level of peptides. In this case, part of the active enzymes, proteins and peptides with a stream of water enters the zone of the brush border of enterocytes, which form the basis of the epithelium of the mucosa. In the glycocalyx zone, hydrolysis of proteins and peptides continues to the level of dimers, which are hydrolyzed by amino- and dipeptidases localized on the membranes of microvilli and cytosol, respectively, to the level of amino acids entering the transport systems (Ugolev, 1972). Typically, in vertebrates, digestion in the intestine occurs at slightly alkaline pH values. A feature of birds is low or neutral pH values in all parts of the gastrointestinal tract, except the ileum (Provorotova et al., 1967
).
The mechanisms of the influence of sapropel on the activity of broiler intestinal peptidases require special study. At that, both direct and indirect action of sapropel components on enzyme molecules is possible. It is important to note that we found a higher activity of casein-lytic and hemoglobin-lytic peptidases in the large intestine as compared to the small intestine of chickens. In all likelihood, this is due to the fact that the enzymes of pancreatic juice have no time to be adsorbed on the structures of the brush border of the anterior part of intestine through the high intestinal motility. At the same time, this can be considered as an adaptation that promotes a more complete breakdown of protein molecules among animals with relatively short intestines.
The observed differences in the characteristics of casein-lytic and hemoglobin-lytic peptidases are likely due to the fact that these enzymes hydrolyze peptide bonds in the different parts of the protein molecule. The sorption of the substrate in the active center of trypsin is optimal for binding the residues of aliphatic basic amino acids, namely arginine and lysine. The sorption of the substrate in the active center of chymotrypsin is optimal for binding the side chains of hydrophobic amino acid residues such as tryptophan, phenylalanine and tyrosine (Dixon and Webb, 1964). The last statement allows to realize a more complete hydrolysis of the protein components of the feed.
Finally, it is important to note that the addition of sapropel to the feed of chickens increases the activity of casein and hemoglobin-lytic peptidases, which function in the chyme and mucosa of both parts of the intestine. Indeed, when sapropel is included in the diet of chickens in the amount of 3 % of the daily feed weight, the casein-lytic activity of peptidases in the chyme increases almost 2 times, in the large intestine by almost 1/3, and in the small intestine by 2/3 compared with the control. That undoubtedly has a positive effect on the processing and subsequent assimilation of protein hydrolysis products. This is evidenced by the almost 7 % large mass
 of chickens in this group. At the same time, the increase in the concentration of sapropel in the feed does not lead to a further increase in the activity of peptidases and the weight of chickens, which increases only by 2
%.
It is also important to note that sapropel, increasing the activity of casein-lytic and hemoglobin-lytic peptidases of the chick intestine mucosa in a wide range of pH values (from 5 to 12), does not change the pH optimum. These data confirm the information that the crude enzyme extract of the intestine and the pancreas of chickens have  high proteolytic activity with an optimum of pH 7.5 (Srisantisaeng et al., 2013).
At present, it is not clear which components of sapropel increase the peptidase synthesis and the conditions of their functioning. The used sapropel contained important macro- and microelements involved in various processes: 4.41 mg / kg of copper, 15.75 mg / kg of zinc, 339 mg / kg of manganese, 3.84 mg / kg of cobalt and 24.2 mg / kg of chromium (Pozdnyakova et al., 2019), there is no doubt that the mineral supplements effect on the metabolism of chickens (Zhuravleva, 2014). Particularly noteworthy is the fact that the mineral components of sapropel enter the body of birds with food in organic form. Earlier the comparison of the influence of inorganic minerals (sulfate form) and organic minerals (peptide-chelate form) on the productivity of broilers Ross 308 crosss showed that replacing inorganic minerals with organic ones increases bird productivity and enhances the immune response of chickens (Abdallah et al., 2009). This may be largely due to the fact that the transport of chelated metals dominates among vertebrates, from fish to mammals (Bakke et al., 2011). At the same time, the increase in the proportion of sapropel leads to the decrease of its positive effect on the activity of peptidases. This suggests that an increase of the concentration of biogenic metals can affect both the rate of various biochemical reactions and the amount of metals entering the intestine during recycling.
In addition, sapropel may contain metabolic stimulants of unknown nature. It is especially important that all these substances are in their native form, which contributes to their better assimilation. In this case, the products of the vital activity of microflora can play a significant role. In particular, in all layers of sapropel deposits from the eastern part of the Mediterranean Sea a high activity of bacterial exoenzymes, aminopeptidase and alkaline phosphatase, and weak activity of β-glucosidase were revealed (Coolen and Overmann, 2020). There is reason to believe that sapropel will have similar effects on the activity of peptidases of other bird species because the structure of the active sites of enzymes is conservative (Dixon and Webb, 1964). 
Conclusions

The dry sapropel (3 % of the daily feed weight) increases the average live weight of the broiler chickens as well as the activity of casein-lytic and hemoglobin-lytic peptidases in the chyme and intestinal mucosa compared with the control. The increase of sapropel concentration in feed up to 5 % does not lead to a increase in peptidase activity. The sapropel increases the activity of intestinal peptidases especially significantly in the 7.0–9.0 zone. To stimulate digestive processes and increase the weight of chickens the optimal dose of dry sapropel, introduced into the diet of chickens is 3 % of the feed mass.
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