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The specific effect of menadione sodium bisulfite (MSB, vicasol) on the content of specific fatty acids in skeletal muscle and 

muscular stomach of geese was established. MSB can stimulate the biosynthesis processes and catabolism of fatty acids depending 

on the period of the geese ontogenesis. Experimental use of MSB in skeletal muscle helps to increase the total content of 

unsaturated fatty acids (FA) primarily due to n-3 FAs. MSB increases the content of PUFA and SFA on the 35th day of ontogenesis, 

so the nutritional value of meat improves, and the resistance of myocyte membranes increases to oxidative damage. In the smooth 

muscle tissue of the goose stomach, the action of MSB revealed a higher content of UFA only on the 21st day of ontogenesis, due to 

PUFA, in particular, n-6 and MUFA. On the 28th day of ontogenesis, the content of PUFA increases due to n-3, with a decrease in the 

total content of UFA. At the end of the experiment, the UFA content decreases with increasing SFA. Reducton of the content of 

essential n-3, n-6, and UFA negatively affects the nutritional value of the product but increases the resistance of tissues to the 

active forms of oxygen. The use of MSB contributes to the overall increase of the average daily weight gain of geese from the 21st 

to the 28th day. The average body weight from the 21st to the 35th ontogenesis relative to the control group. We recommend using 

MSB at a dose of 0.7 mg/kg body weight for gosling feeding to increase the essential FA content in skeletal muscle tissue. 
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Introduction 

Poultry Meat's Fatty Acid (FA) profile depends on internal and external factors (Starčević et al., 2014). The selection of the optimal 

ration thus can be used to change the proportion of polyunsaturated FAs (PUFA) in poultry meat (Givens, 2005). The FA 

composition of meat determines its technological characteristics and quality: the hardness of adipose tissue, shelf life, and flavor. 

Due to the significant differences between the melting temperatures of individual FAs, changes in their composition affect the 

hardness of fat in meat, especially subcutaneous, intermuscular and intramuscular fat (Nieto & Ros, 2012). In terms of organoleptic 

properties, FAs are the main precursors of compounds that determine the taste of meat. Meat with a high content of 

polyunsaturated n-3 and n-6 FAs is highly valued. At the same time, FAs with a large number of ethylene units are more easily 

subjected to peroxide oxidation than saturated ones. In this case, products with a high content of PUFA are usually more valuable 

for their nutritional quality but have low oxidative resistance. Thus, the shelf life of such products significantly reduces. Oxidation 

adversely affects the taste and color of meat (Zhou et al., 2012; Trembecká et al., 2016). 

The FA composition of animal tissues is associated with many important functional parameters, such as metabolic rate, physical 

endurance, the recovery period after physical activity. This is because the chemical properties of FAs strongly contribute to cell 

structure, intercellular signaling, regulation of gene expression, and energy storage (Carter et al., 2019). For example, the fluidity 

and permeability of membranes, enzymes activity are associated with the cell membrane (Arnold et al., 2015). As well as the 

biochemical availability of intracellular energy reserves depends on the FA composition of the cell membrane and its organelles 

(Guglielmo, 2010). Resistance to oxidative damage (Hulbert, 2010; Zdorovtseva et al., 2012; Skrip & McWilliams, 2016) and the 

implementation of intracellular signaling (Carter et al., 2019) depend on the number and location of double bonds in the FA chain. 

Thus, the analysis of the FA composition of tissues is a way to predict the functional state of body systems.  

Although the FA composition of membranes and reserve lipids plays an important role in physiological functions–it may vary in 

response to endogenous and exogenous factors. The first ones include fluctuations in the activity of lipogenic enzymes that modify 

FAs (Shimozuru et al., 2012). The main exogenous factor is the dietary availability of FAs – it depends on the ration (McCue et al., 
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2009; Carter et al., 2019). On the other hand, changes in the FA composition of the tissue can be caused by the action of 

biologically active substances, such as quinones (Hassan, 2013; Wiraswati et al., 2016; Bolton & Dunlap, 2017). 

Menadione sodium bisulfite (MSB, vicasol) has long been used as an essential component in the standard ration of poultry (Duarte 

et al., 2014; Guo et al., 2020). It has become widespread in human and veterinary medicine (Committee for veterinary medicinal 

products, 1998; European Food Safety Authority, 2014; Delaney & Dzanis, 2018). However, the effect on the FA composition of 

goose tissues has not been sufficiently studied (Yakoviichuk et al., 2019). However, the modulating effect for menadione and its 

derivatives on the cyclooxygenase system has been established (Kawamura et al., 2010; Kawamura et al., 2006; Ohsaki et al., 

2010). It is also known that quinones activate radical processes in the organism and thus stimulate the antioxidant protection 

(AOP), lead to changes in the FA composition of tissue lipids (Ferland, 2012; Yakoviichuk et al., 2018; Danchenko et al., 2019). 

In this case, the study of FA composition of goose muscle tissue by MSB is promising. Properly chosen technology of feeding the 

MSB can improve the persistence of organisms and food quality for geese farming. The study aimed to determine the effect of MSB 

on the FA composition of the muscle tissue of the thighs and stomach of geese. 

 

Materials and Methods 
The research followed the principles of bioethics, legislation, and requirements following the provisions of the European Convention 

for the Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes (Strasbourg, 1986), the General Ethical 

Principles for Animal Experiments (Ukraine, 2001) and Commission on Bioethics of the Khmelnytsky Melitopol State Pedagogical 

University (№1 dated 15.09.2015). Legart Danish breed geese were used as a model objects. There were 50 geese in the 

experiment divided into two groups (25 in each) using the analog method (by their weight). The goslings in the experimental group 

from the 1st day were fed an aqueous solution of MSB daily (0.7 mg/kg body weight) (Yakoviichuk et al., 2017). The dose was 

defined according to the recommendations (European Food Safety Authority, 2014) and toxic exposure limits at high concentrations 

(Aoganghua et al., 2011; Marchionatti et al., 2013). Animals in the control group received an appropriate volume of distilled water. 

Geese were kept in standard sanitary and hygienic conditions. The ration was appropriate according to the recommendations (Ivko, 

2009). The birds had free access to water. 

The weight and the number of individuals were recorded every seven days during the experiment. Studies of the FA composition of 

lipids under the action of MSB solution were performed from the 21st to the 35th day of postnatal ontogenesis (physiological stress 

of contour feather development). During this period, birds were slaughtered. The muscle tissue of the stomach and thighs was 

sampled for analytical purposes. The samples were stored for no more than 7 days at –18°C. 

The FA content was determined by gas-liquid chromatography. Lipids were extracted using Bligh and Dyer method (Sündermann et 

al., 2016). Preparation of samples, hydrolysis of esters, and methylation of FA were performed by the method (Ichihara & 

Fukubayashi, 2010). The FA composition of lipids was determined on a Carlo Erba chromatograph. Chromosorb W/DP with the 

phase of Silar 5CP ("Serva", Germany) was used (concentration: 10%, temperature: 140-250°C, growth rate: 2°C/min, injector 

temperature: 210°C, detector temperature: 240°С). In addition to the total content of unsaturated FAs (UFA) (ΣС), the total 

equivalent concentration of UFA relative to multiple bonds (unsaturation, ΣN) mmol*g-1 was calculated (Danchenko, 2010). 

Statistical processing of the results was performed using analysis of variance. Assessing the reliability of the difference between the 

compared indicators of the control and experimental groups of geese was determined using the ANOVA test (Christensen, 2018). 

The difference was considered significant at p ≤ 0.05, using the software package SPSS v.23 and MS Excel 2019. 

 

Results and Discussion 
Fatty acid composition of skeletal muscle tissue of geese under the action of MSB 

It was found in the experiment that the use of MSB causes a slight increase of unsaturation and total UFA content in the skeletal 

muscles of geese (Table 1). These fluctuations of lipid unsaturation are realized due to multidirectional changes in the content of 

unsaturated FAs in the tissue. In particular, the use of MSB initiates the conversion of linoleic acid in skeletal muscle on the 21st day 

of ontogenesis. It is confirmed by a decrease of its content by 18.4% (p ≤ 0.05) and an increase on the 35th by 26.5% (p ≤ 0.05). 

The concentration of linolenic acid under the action of MSB increased on the 21st and the 35th day of ontogenesis by 32.2% (p ≤ 

0.05) and 17.2% (p ≤ 0.05). A decrease was noticed on the 28th day by 49.3% (p ≤ 0.05) relative to control. 

 

Table 1. Dynamic of fatty acids composition in skeletal muscle tissue of control and experimental geese in ontogenesis (ω-mass 

part,%; Ν-unsaturation of FA, mMol / g) (M ± m, n=5). 

 

FA 
Control Experiment 

21# 28# 35# 21# 28# 35# 

(12:0) 0.050 ± 0.003 0.050 ± 0.003 0.063 ± 0.003b 0.062 ± 0.003a 0.038 ± 0.002a b 0.034 ± 0.002a 

(12:1) 0.191 ± 0.010 0.110 ± 0.006b 0.192 ± 0.010b 0.157 ± 0.008a 0.130 ± 0.007a b 0.138 ± 0.007a 

(13:0) 0.062 ± 0.003 0.026 ± 0.001b 0b 0a 0.062 ± 0.003a b 0.056 ± 0.003a b 

(14:0) 0.208 ± 0.010 0.323 ± 0.016b 0.291 ± 0.015b 0.222 ± 0.011 0.149 ± 0.007a b 0.397 ± 0.020a b 

(14:1) 0.126 ± 0.006 0.017 ± 0.001b 0b 0a 0.041 ± 0.002a b 0.092 ± 0.005a b 

(15:0) 0.040 ± 0.002 0b 0 0a 0 0 

(15:1) 0.018 ± 0.001 0.067 ± 0.003b 0.030 ± 0.002b 0.028 ± 0.001a 0.646 ± 0.032a b 0.054 ± 0.003a b 
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(16:0) 19.416 ± 0.970 21.158 ± 1.060 21.073 ± 1.050 18.943 ± 0.950 15.074 ± 0.750a b 19.289 ± 0.970b 

(16:1) 1.132 ± 0.060 2.135 ± 0.110b 1.619 ± 0.081b 1.072 ± 0.054 0.970 ± 0.049a 3.772 ± 0.189a b 

(17:0) 0.111 ± 0.010 0.089 ± 0.010b 0.155 ± 0.008b 0.188 ± 0.009a 0.102 ± 0.005b 0.130 ± 0.007a b 

(17:1) 0.055 ± 0.003 0.610 ± 0.031b 0.084 ± 0.004b 0.067 ± 0.003a 0.128 ± 0.006a b 0.087 ± 0.004b 

(18:0) 21.473 ± 1.070 14.356 ± 0.720b 17.814 ± 0.890b 19.363 ± 0.970 19.354 ± 0.970a 17.211 ± 0.860b 

(18:1), n-9 26.017 ± 1.300 27.703 ± 1.390 32.342 ± 1.620b 27.667 ± 1.380 29.054 ± 1.450 25.490 ± 1.280a b 

(18:2), n-6 17.305 ± 0.870 14.928 ± 0.750b 12.315 ± 0.620b 14.120 ± 0.710a 13.711 ± 0.690 15.577 ± 0.780a 

(18:3), n-3 0.368 ± 0.018 0.807 ± 0.040b 0.537 ± 0.027b 0.490 ± 0.025a 0.409 ± 0.020a 0.857 ± 0.043a b 

(20:0) 0.527 ± 0.026 0.431 ± 0.022b 0472 ± 0.024 0.547 ± 0.027 0.534 ± 0.027a 0.523 ± 0.026 

(20:1), n-9 0.529 ± 0.026 0.437 ± 0.022b 0.588 ± 0.029b 0.547 ± 0.027 0.569 ± 0.028a 0.981 ± 0.049a b 

(20:2), n-6 0.729 ± 0.036 0.579 ± 0.029b 0.472 ± 0.024b 0.787 ± 0.039 0.788 ± 0.039a 0.731 ± 0.037a 

(20:3), n-6 0.408 ± 0.020 1.426 ± 0.071b 0.186 ± 0.009b 0.372 ± 0.019 0a 0.359 ± 0.018a b 

(20:4), n-6 6.978 ± 0.350 11.460 ± 0.570b 7.748 ± 0.390b 9.811 ± 0.490a 13.867 ± 0.690a b 8.568 ± 0.430 b 

(22:0) 0.966 ± 0.048 0.694 ± 0.035b 0.895 ± 0.045b 1.429 ± 0.071a 0.983 ± 0.049a b 0.622 ± 0.031a b 

(22:1), n-9 0.143 ± 0.007 0.150 ± 0.008 0.099 ± 0.005b 0.274 ± 0.014a 0.167 ± 0.008b 0.136 ± 0.007a b 

(24:0) 0.625 ± 0.031 0.411 ± 0.021b 0.723 ± 0.036b 0.520 ± 0.026a 0.598 ± 0.030a b 1.191 ± 0.060a b 

(22:3) 0.245 ± 0.012 0.245 ± 0.012 0.308 ± 0.015b 0.304 ± 0.015a 0.366 ± 0.018a b 0.269 ± 0.014 b 

(22:4), n-6 
0.108 ± 0.005 0b 0.153 ± 0.008b 0a 0.158 ± 0.008a b 0.221 ± 0.011a b 

(22:5), n-3 
0.515 ± 0.026 0.306 ± 0.015b 0.405 ± 0.020b 0.662 ± 0.033a 0.316 ± 0.016 b 0.645 ± 0.032a b 

(22:6), n-3 
0.457 ± 0.023 0.302 ± 0.015b 0.314 ± 0.016 0.465 ± 0.023 0.480 ± 0.024a 0.432 ± 0.022a 

(24:1) 0.332 ± 0.017 0.143 ± 0.007b 0.142 ± 0.007 0.937 ± 0.047a 0.351 ± 0.018a b 0.213 ± 0.011a b 

∑ n-3, % 1.340 1.415 1.256 1.617 1.205 1.934 

∑ n-6, % 25.528 28.393 20.874 25.090 28.524 25.456 

∑MUFA, % 28.543 31.372 35.096 30.749 32.056 30.963 

∑PUFA, % 27.113 30.053 22.438 27.011 30.095 27.659 

∑SFA, % 43.478 37.538 23.672 41.274 36.894 39.453 

∑С, % 55.656 61.425 57.534 57.760 62.151 58.622 

∑N 348.788 407.652 341.586 373.292 422.159 374.713 

Note: The difference is reliable where: a – p ≤ 0.05 in comparison with the control group, b – p ≤ 0.05 in comparison with previous 

value inside group; # - 21, 28, 35 – ontogenesis periods (days). 

MSB, or its metabolites, are likely to activate the corresponding enzymes of lipid metabolism. According to Cherian G., the FA 

composition of tissues is regulated by activating the corresponding elongases, desaturases and accelerating microsomal and β-

oxidation (Cherian, 2015). 

Also, the use of MSB showed an increase of the arachidonic acid (AA) content relative to control on the 21st, 28th, and 35th days of 

ontogenesis. Such a fact may be a consequence of blocking its conversion in the cyclooxygenase pathway. According to (Kawamura 

et al., 2006; Kawamura et al., 2010), MSB dose-dependently inhibits the conversion of arachidonic acid to leukotrienes by disrupting 

the translocation of 5-lipoxygenase from the cytoplasm to the nuclear membrane and reducing the supply of extracellular Са2+. 

It was also found that the release of arachidonic acid from phospholipids requires phospholipase-A2, which is also a calcium-

dependent enzyme. Therefore, the violation of extracellular Ca2+ decreases enzyme activity, which may cause the accumulation of 

arachidonic acid in phospholipids. The accumulation of arachidonic acid during the development of contour feathers can increase 

the body's resistance because it is part of the phospholipids of cell membranes. This FA interacts with protein complexes and affects 

the functioning of receptors in cells, transport, and signaling systems. In addition, this acid is involved in the synthesis of hormones 

of local action (Cherian, 2015). Moreover, redistribution of calcium in tissues is important for feather development. Ca2+ ions are 

required to activate the SHH-signaling pathway that provides feather growth and hair follicle formation (Chen et al., 2020).  

Additionally, there is information in papers that using 2-methyl-1,4-naphthoquinone derivatives reduces the activation of nuclear 

factor NF-κB and inhibits IKKα phosphorylation. Thus, the inflammatory response suppresses (Ohsaki et al., 2010). This may reduce 

physiological stress and increase the productivity of poultry. 

The use of MSB contributed to the increase in DPA content in our experiment on the 21st (by 28.5%; p ≤ 0.05) and 35th day (by 

59.3%; p ≤ 0.05) comparing with the control variant. At the same time, the DHA content in the experimental group on the 28th and 

the 35th day increased by 58.9% (p ≤ 0.05) and 37.6% (p ≤ 0.05) relative to control. Accumulation of DHA can inhibit 

cyclooxygenase pathways. Thereby AA conversion is reducing and anti-inflammatory activity is exhibiting (Norris & Dennis, 2012). 

DHA also provides mechanisms for modifying the composition of cell membrane phospholipids. This affects ion channels and 

transporters (Hamano et al., 1996; Wang et al., 2011; Billman, 2013; Sato et al., 2014). Accumulation of DHA stabilizes cell 

membranes because n-3 FAs and their metabolites contribute to it (Khyzhnyak et al., 2016). 



 Menadione sodium bisulfite effect on growth performance and fatty acid profiles of geese muscle tissues 

   

Ukrainian Journal of Ecology, 11(6), 2021 

 

 

The use of MSB caused the accumulation of long-chain tetracosanoic acid during the experiment by 182.2% (p ≤ 0.05), 145.5% (p 

≤ 0.05), and 50.0% (p ≤ 0.05) relative to control for 21st, 28th, and 35th days, respectively. At the end of the experiment, an 

increase of the content of palmitoleic acid under the action of MSB by 133.0%. This acid and oleic constitute the main pool of FAs. 

Under the action of MSB on the 35th day of ontogenesis, the oleic acid content decreased by 21.2% (p ≤ 0.05). This FA has a 

cytoprotective effect–it increases the cell's resistance to the damaging effects of reactive oxygen species (ROS) and lipophilic 

xenobiotics. It may be a mechanism for increasing tissue resistance to peroxidation. On the other hand, these rearrangements may 

result from a response to MSB-induced production of ROS. It is realized by activating lipid catabolism end products of the 

transcription factor Nrf2 (Ma, 2013), which regulates lipogenesis and β-oxidation of FAs (Hayes & Dinkova-Kostova, 2014). This 

mechanism is plausible because, according to the results of previous work (Yakoviichuk et al., 2017), the content of the lipid 

peroxidation end products increases a week before the registered changes. In general, the use of MSB in the selected dose causes 

an increase in the total content of UFA in the skeletal muscle tissue of the geese thighs. In particular, the content of n-3 FAs in 

skeletal muscle tissue relative to the control group on the 21st and 35th days of ontogenesis. The content of n-6 FAs increases by 

22.0% on the 35th day of ontogenesis using MSB. Also, the 35th day of ontogenesis due to MSB increases PUFA and saturated FAs 

(SFA). The accumulation of essential n-3 and n-6 FA improves the nutritional value of poultry meat, and SFA increases the 

resistance of cell membranes to the active forms of oxygen. 

 

Fatty acid composition of the muscular tissue of the stomach of geese under the action of MSB 

In contrast to skeletal muscle in smooth muscle tissue, there is a tendency to reduce lipids' content and total unsaturation using the 

MSB (Table 2).  

 

Table 2. Dynamic of fatty acids composition in stomach muscle tissue of control and experimental geese in ontogenesis (ω–mass 

part, %; Ν–unsaturation of FA, mMol/g) (M ± m, n=5). 

 

FA 
Control Experiment 

21# 28# 35# 21# 28# 35# 

(12:0) 0.069 ± 0.003 0.040 ± 0.002b 0.057 ± 0.003b 0.037 ± 0.002a 0.032 ± 0.002a 0.053 ± 0.003b 

(12:1) 0.175 ± 0.009 0.151 ± 0.008b 0.160 ± 0.008b 0.104 ± 0.005a 0.097 ± 0.005a 0.153 ± 0.008b 

(13:0) 0.048 ± 0.002 0.052 ± 0.003b 0b 0a 0.158 ± 0.008a b 0.023 ± 0.001a b 

(14:0) 0.218 ± 0.011 0.292 ± 0.015b 0.211 ± 0.011b 0.255 ± 0.013 0.218 ± 0.011a b 0.245 ± 0.012 

(14:1) 0 0.076 ± 0.004b 0b 0 0a 0 

(15:0) 0 0 0 0 0 0 

(15:1) 0.467 ± 0.023 0.046 ± 0.002 0.032 ± 0.002b 0.050 ± 0.003a 0.036 ± 0.002a b 0.031 ± 0.002b 

(16:0) 23.277 ± 1.160 24.093 ± 1.210 22.133 ± 1.110 20.838 ± 1.040 21.395 ± 1.070 23.640 ± 1.180 

(16:1) 0.744 ± 0.037 1.590 ± 0.080b 1.155 ± 0.058b 0.861 ± 0.043 0.836 ± 0.042a 1.030 ± 0.052b 

(17:0) 0.118 ± 0.006 0.133 ± 0.007b 0.177 ± 0.009b 0.128 ± 0.006 0.113 ± 0.006 0.122 ± 0.006a 

(17:1) 0.046 ± 0.002 0.045 ± 0.002 0.047 ± 0.002 0.033 ± 0.002a 0.031 ± 0.002a 0.033 ± 0.002a 

(18:0) 21.626 ± 1.080 18.200 ± 0.910b 18.232 ± 0.910 20.787 ± 1.040 21.420 ± 1.070a 20.124 ± 1.010 

(18:1), n-9 17.564 ± 0.880 25.500 ± 1.28b 23.617 ± 1.180 20.125 ± 1.010 21.852 ± 1.093 22.801 ± 1.140 

(18:2), n-6 10.304 ± 0.515 10.610 ± 0.531 10.518 ± 0.526 13.483 ± 0.674a 9.736 ± 0.487b 7.892 ± 0.395a b 

(18:3), n-3 0.324 ± 0.016 0.298 ± 0.013b 0.364 ± 0.018b 0.159 ± 0.008a 0.128 ± 0.006a b 0.100 ± 0.005a b 

(20:0) 0.316 ± 0.016 0.258 ± 0.013b 0.291 ± 0.015b 0.381 ± 0.019a 0.358 ± 0.018a b 0.284 ± 0.014b 

(20:1), n-9 0.360 ± 0.018 0.377 ± 0.019b 0.359 ± 0.018b 0.476 ± 0.024a 0.511 ± 0.026a b 0.390 ± 0.020b 

(20:2), n-6 0.935 ± 0.047 0.802 ± 0.040b 0.732 ± 0.037b 0.997 ± 0.050 0.925 ± 0.046b 0.639 ± 0.032b 

(20:3), n-6 0 0.500 ± 0.025b 0.469 ± 0.023b 0.766 ± 0.038a 0a b 0.462 ± 0.023b 

(20:4), n-6 13.605 ± 0.680 8.202 ± 0.410b 11.530 ± 0.580b 9.664 ± 0.480a 9.924 ± 0.490a 11.045 ± 0.550b 

(22:0) 1.926 ± 0.100 1.561 ± 0.080b 1.679 ± 0.084b 1.920 ± 0.100 2.137 ± 0.107a b 1.968 ± 0.100b 

(22:1), n-9 0.172 ± 0.009 0.198 ± 0.010b 0.115 ± 0.006b 0.100 ± 0.005a 0.264 ± 0.013a b 0.209 ± 0.010a b 

(24:0) 1.014 ± 0.051 1.234 ± 0.062b 1.618 ± 0.080b 1.482 ± 0.074a 1.417 ± 0.071 1.855 ± 0.093b 

(22:3) 0.437 ± 0.022 0.283 ± 0.014b 0.391 ± 0.020b 0.416 ± 0.021 0.417 ± 0.021a 0.358 ± 0.018b 

(22:4), n-6 0 0 0 0 0 0 

(22:5), n-3 0 0 0 0 0 0 

(22:6), n-3 3.206 ± 0.160 2.956 ± 0.148b 3.405 ± 0.170b 4.010 ± 0.201a 4.167 ± 0.208a 3.654 ± 0.183b 

(24:1) 2.095 ± 0.105 1.635 ± 0.082b 1.782 ± 0.089b 2.183 ± 0.109 2.356 ± 0.118a 2.350 ± 0.118a 

∑ n-3, % 3.530 3.254 3.769 4.169 4.295 3.754 

∑ n-6, % 24.844 20.114 23.249 24.910 20.585 20.038 

∑MUFA, % 21.623 29.618 27.267 23.932 25.983 26.997 

∑PUFA, % 28.811 23.651 27.409 29.495 25.297 24.150 

∑SFA, % 48.612 45.863 44.398 45.828 47.248 48.314 

∑С, % 50.434 53.269 54.676 53.427 51.280 51.147 

∑N 399.719 357.481 401.049 399.014 377.271 375.14 
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Note: The difference is reliable where: a–p ≤ 0.05 in comparison with the control group, b–p ≤ 0.05 in comparison with 

previous value inside group; #-21, 28, 35–ontogenesis periods (days). 

 

Changes in unsaturation and UFA content have a significant place in implementing mechanisms of AOP of tissue (Danchenko, 2010). 

As previously was found, with a background of lower average enzyme activity of AOP comparing to other studied tissues 

(Yakoviichuk et al., 2019), and high activity of the Krebs cycle dehydrogenases in this period, the tissue involves alternative 

mechanisms of antioxidant protection, one of which is the reduction of lipid unsaturation. 

Using MSB, the linolenic acid content was lower than the control on the 21st, 28th and 35th days of ontogenesis. Probable changes 

in the content of linoleic acid were found in the experimental group at the beginning of the studied time interval (it was 30.9% (p ≤ 

0.05) higher than the control and on the 35th day, it was lower by 25.0% (p ≤ 0.05)). It is also probably a consequence of its 

conversion to AA, to ensure an adaptive response of the body to the induction of MSB.  

There was a significant increase of PUFA content compared to the control: linoleic, DHA by 25.1% (p ≤ 0.05), and eicosatriene on 

the 21st day of ontogenesis in the stomach muscles of the experimental group of animals. At the same time, DPA is absent in the 

experimental tissue.  

During the experiment, the content of oleic acid (which forms the main pool of FAs, under the action of the MSB) probably did not 

change. It indicates the maintenance of balance between prooxidant-antioxidant processes. According to the literature, oleic acid is 

the main endogenous acceptor of ROS. Only after the oxidation of oleic acid, the residual ROS react with other UFAs (Khyzhnyak et 

al., 2016).  

On the 28th day of ontogenesis, under the action of MSB, linolenic acid undergoes biotransformation. A decrease of concentration 

by 57.1% (p ≤ 0.05) and fully used eicosatrienoic acid result, likely to cause complete the depletion of DPA, as this FA may be 

synthesized through its intermediate formation. As in the skeletal muscle tissue, such changes may be due to the production of ROS 

in the tissue by MSB use. Realization of it goes through the activation of Nrf2 by the end products of lipid catabolism (Ma, 2013). 

According to the results of previous work (Yakoviichuk et al, 2019), the content of the end products of lipid peroxidation increased 

in the studied tissues a week before the registered changes.  

There are significant fluctuations of the content of other FAs relative to the control group on the 28th day of ontogenesis. In 

particular, increase 20:4 by 21.0% (p ≤ 0.05), 22:6 by 41.0% (p ≤ 0.05) and 24:1 to 44.1% (p ≤ 0.05). 

The use of MSB initiates the conversion of linoleic and linolenic acids to more unsaturated derivatives on the 35th day of 

ontogenesis. It is confirmed by a decrease in their content relative to control by 25.0 and 72.5% (p ≤ 0.05), respectively. 

Additionally, there is an accumulation of long-chain unsaturated 24:1 by 31.9% (p ≤ 0.05). 

The use of MSB in the smooth muscle tissue of the goose stomach increases the total content of SFA on the 35th day of 

ontogenesis while reducing the total content of UFA and each of their classes. However, the action of MSB on the 21st and the 28th 

days of ontogenesis showed an increase in the concentration of PUFA, in particular, due to n-3 on the 28th day and n-3 and 

monounsaturated FAs (MUFA) on the 21st day of ontogenesis. Reducing the content of essential n-6 and UFA negatively affects the 

product's nutritional value but increases the resistance of tissues to the active forms of oxygen. 

 

Growth rates of geese under the action of MSB 

Analysis of morphometric parameters of geese using MSB shows the anabolic effect on the average weight and average daily gain 

of geese compared to the control (Table 3). MSB helps increase the average weight of geese–experimental animals had more 

weight relative to control on the 21st and 28th days by 21.0% and 20.4%, respectively (p ≤ 0.05). On the 35th day, this difference 

was only 8,0% (p ≤ 0.05). Also, on the 21st and 28th days, the average daily gain was increased relative to the control group of 

animals. 

 

Table 3. Grows indicators of control and experimental geese group (M–Average weight, g; ΔM–Average daily weight gain, g) (M ± 

m, n=5). 

 

Age, days 
Control Experiment 

M ΔM M ΔM 

21 964.3 ± 34.3 68.3 1166.7 ± 13.8a 89.5 

28 1237.7 ± 44.3b 39.1 1490.7 ± 26.2a b 46.3 

35 1713.0±25.5b 67.9 1850.3±40.8a b 51.4 

Note: The difference is reliable where: a–p ≤ 0.05 in comparison with the control group, b–p ≤ 0.05 in comparison with previous 

value inside the group; #-21, 28, 35–ontogenesis periods (days). 

 

No information has been found in the scientific literature about the anabolic effects of MSB and its analogs for geese. However, 

broiler chickens were found to increase average weight –3.9% with the addition of MSB and 8.2% with nicotinamide form of 

menadione sulfate at a dose of 2.5 g/t of feed (Saparova, 1999) (without specifying the ontogenesis periods in the paper). At the 

same time, Ivanova reports that the use of MSB at a dose of 5 g/t of feed increases the average weight of broiler chickens in 

ontogenesis, respectively by 11.0; 9.5; 8.9, and 6.6% for 10-, 20-, 30- and 40-day-old chickens (Ivanova, 2003). This data 

correlates with our experimental results for geese. The average daily gains for broilers also increased – the peak of productivity was 
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set from the 21st to the 30th day of ontogenesis. This data corresponds with the results obtained for geese. This period is 

characterized by increased heat production, rapid plumage, and increasing demand for feed. Such period is associated primarily with 

the end of the contour feathers' growth, with the consolidation of conditioned reflexes for feeding and adaptation to environmental 

conditions (Ivanova, 2003). 

 

Conclusion 
According to the experiment results, a specific effect of MSB on the content of certain FAs in skeletal muscle and muscular stomach 

of geese was established. In particular, depending on the period of geese ontogenesis, MSB can stimulate the biosynthesis 

processes and catabolism of FAs. The use of MSB helps increase the total content of UFAs in skeletal muscle, primarily due to n-3 

FAs. On the 35th day of ontogenesis, MSB increases the content of PUFA and SFA–these compounds improve the nutritional value 

of meat and the resistance of myocyte membranes to oxidative damage. MSB increases the content of UFA on the 21st day of 

ontogenesis due to PUFA, in particular, n-3 in the smooth muscle tissue of the goose stomach. On the 28th day of ontogenesis, the 

content of PUFA increases, in particular, due to n-3 FAs, while the total content of UFA is reducing. Reducing the content of 

essential n-6 and UFA negatively affects the product's nutritional value but increases the resistance of tissues to the active forms of 

oxygen. The use of MSB contributes to the overall increase in the average daily weight gain of geese from 21st to 28th days. The 

average body weight increases due to the MSB action from the 21st to 35th days of ontogenesis relative to the control group of 

birds. In addition, the overall increase of essential FAs in skeletal muscle tissue was noted during the experiment. These facts give a 

reason to recommend using MSB at a dose of 0.7 mg/kg body weight for feeding goslings. 
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