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A b s t r a c t  
  

Recently, among carnivores, including silver-black foxes, cases of nematode infestation 
have become more frequent, causing significant economic damage. From helminthic infestations, 
youngsters suffer the most. Currently, in the veterinary world practice, anthelmintics of the new 
generation, in particular, avermectin-based products are recognized the most promising. To date, 
neither in Russia nor abroad, keratin preparations in combination with anthelmintics have been used 
in fur farming. In the present work, it was experimentally proved for the first time that a new-
generation anthelmintic Niacid-Granules Plus combined with a sulfur-containing feed additive Bio-
active Keratin improve fur grading indices (size, amount of fur, completeness of fur, damage to fur, 
damage to skin etc.) in silver-black foxes (Vulpes vulpes L.). This paper documents physiological 
effects and fur quality parameters in young silver-black foxes due to the combined use of Bioactive 
Keratin and an avermectin-based anthelmintic. Niacid-Granules Plus (LLC SPA Ecobiovet, Rus-
sia, and Skryabin Moscow State Academy of Veterinary Medicine and Biotechnology, Russia) are 
brown granules, 300-400 g per pack, with 85 % abamectin B1a and 15 % abamectin B1b contents 
and the allowed shelf life for at least 21 months. Bioactive Keratin (Skryabin Moscow State Acad-
emy of Veterinary Medicine and Biotechnology, Russia) is a monoproduct derived from tow of 
wool and containing 98 % of native protein, a preparative form of homogeneous liquid mass, col-
or from light gray-beige to dark gray-beige, with a specific smell, mass fraction of dry matter 3-
10 %, mass fraction of keratin 95-98 %, and a shelf life of not more than 2 years. The prepara-
tions Niacid-Granules Plus and Bioactive Keratin belong to the IV class of toxicity. It is shown 
that the combined use of Niacid-Granules Plus and Bioactive Keratin significantly enhances the 
effect of each drug used separately. In farm tests (AO Saltykovskii Breeding Farm, Moscow Prov-
ince, 2017-2018), it was found that deworming young silver-black foxes at the age of 2 months 
with Niacid-Granules Plus and the subsequent use of dietary Bioactive Keratin as a sulfur-containing 
feed additive significantly affect body weight gain in foxes. Under the combined use of Niacid-
Granules Plus and Bioactive Keratin, the live body weight of pups is 9.1 % higher compared to the 
control (tfact. = 7.40  ttab. = 2.1 at p = 0.05 and tfact. = 0.81  ttab. = 2.1 at p = 0.05, respectively). 
Niacid-Granules Plus together with Bioactive Keratin also improved the complete blood counts 
during the investigation, thereby contributing to a faster normalization of the physiological status of 
young silver-black foxes. When using both drugs, the weight of young silver-black foxes increased by 
30.4 %, the area of the obtained furs by 18.4 %, the hair density by 24.6 % compared to these pa-
rameters in intact animals. This confirms the effectiveness of the joint use of the studied prepara-
tions. The use of Niacid-granules plus are allowed to animals at the age of 2 months, twice at 10-
day interval, and the dietary Bioactive Keratin should be added to feed in six cycles (5-day cycles 
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with 10-day intervals). 
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In fur-bearing animals [1], the formation of animal hair and the quality 
of skin due to breed characteristics depend on the physiological state of animals, 
which, in turn, is determined by feeding conditions [2], maintenance [3], pre-
ventive and therapeutic measures [4]. In recent years, among carnivores, includ-
ing silver-black foxes, cases of nematode infestations have become more fre-
quent. Young animals suffer especially severely from helminthic infestations. As 
a rule, helminthic diseases cause exhaustion, the reproductive ability of animals 
decreases, growth and development of young silver-black foxes and other carni-
vores decelerates [5, 6]. In fur-bearing animals, more than 70 species of various 
nematodes can parasitize [7]. Toxocariasis, toxascaridosis, and trichinosis are of 
the greatest economic importance. Despite the fact that at present there is a fair-
ly wide range of anthelmintic agents (for example, Ivomek®, ZAO Nita-
PHARM, Russia; Nilverm®, Pliva, Croatia; Albamelin®, AO Veterinary Prepa-
rations, Russia), helminthic infestations cannot be completely defeated. It is 
known that any anthelminthic preparation destroys only adult worms, while 
helminth eggs remain in the body even after deworming. Therefore, with the 
established fact of helminthic infestation, it is required to conduct 2-fold treat-
ment of animals with an interval of 10 days so that by the time of the second 
treatment, immature animals that are not able to produce their offspring will 
have appeared from eggs [5]. 

The most promising anthelmintic preparations of the new generation are, 
in particular, avermectin-based products [8-10]. The Niacid-Granules Plus prep-
aration (LLC SPA Ecobiovet, Skryabin Moscow State Academy of Veterinary 
Medicine and Biotechnology, Russia) is one of the latest developments in the 
line of anthelmintics of the avermectin series [10], however, it has not yet been 
used in animal farming. According to the mechanism of action, this is a neuro-
toxin-type drug (the active substance blocks and inhibits the transmission of a 
nerve impulse, causing paralysis and then death of nematodes) [8]. 

Earlier, the authors examined various areas of practical application of 
keratin-containing preparations [11], in particular, in cosmetology and medicine 
[12-14]. Preparations of hydrolyzed keratin can be used in animal husbandry 
[15], as well as in fur breeding as active feed additives that affect the condition 
of the hair of the skin [11]. The hydrolyzed keratin contains the amino acid cys-
teine, which refers to thiol compounds. The mechanism of biochemical action of 
thiols consists in the ability to restore disulfide bonds in pathological disorders, 
inactivate toxic agents, and also increase the content of sulfhydryl groups, 
providing an antioxidant effect [16, 17]. Thiol compounds are primarily exposed 
to active oxygen radicals, which protects the functional groups of biological mol-
ecules and cell membranes from their influence [18, 19]. 

To date, keratin preparations in combination with anthelmintic prepara-
tions have not been used in the industrial breeding of fur-bearing animals, alt-
hough the complex use of biologically active substances [20-22] and veterinary 
drugs is recognized as highly effective (Vidal Veterinarian 2019. Medicines for 
Veterinary Applications in Russia. Moscow, 2018). However, the data on the 
effectiveness of these substances, their doses [23], and the characteristics of the 
effect on fur-bearing animals, in particular silver-black foxes, are extremely lim-
ited and quite fragmented (24). In individual publications, the separate use of 
keratin on minks was reported (O.V. Barantseva, Technology for the preparation 
of keratin-containing feed additives and assessment of its effect on the quality of 
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mink's skin. Cand. Dis. Moscow, 2011), as well as the use of keratin, collagen 
and melanin on ferrets [11]. 

In the present work, it was experimentally proved for the first time that a 
new-generation anthelmintic Niacid-granules plus combined with a sulfur-
containing feed additive Bioactive keratin, the keratin-containing waste recycling 
product, improve fur grading indices (size, amount of fur, completeness of fur, 
damage to fur, damage to skin etc.) in silver-black foxes 

The purpose of the work is to determine the physiological effect of the 
combined use of bioactive keratin and anthelmintic based on avermectin in the 
growing young silver-black foxes and to evaluate the quality of the obtained skin 
products. 

Techniques. In the experiment, we used the preparation Niacid-Granules 
Plus (LLC SPA Ecobiovet) and Bioactive Keratin (Skryabin Moscow State 
Academy of Veterinary Medicine and Biotechnology) from tow of fine sheep 
wool (reusable waste from wool processing in the textile industry) [25].  

The toxicity of the drug Niacid-Granules Plus and the feed additive Bio-
active Keratin was evaluated according to GOST 12.1.007-76 Harmful Substanc-
es. Classification and General Safety Requirements, as well as on the basis of the 
requirements set forth in GOST 32296-2013 Methods of Testing Chemical 
Products on the Human Body. Basic Requirements for Conducting Tests to As-
sess Acute Toxicity for Intragastric Administration by the Fixed-Dose Method. 
As experimental laboratory animals, 70 random-bred white mice and 70 outbred 
Wistar rats assigned to groups of analogs by live weight were used. The experi-
ments were conducted in accordance with the protocols of the Geneva Conven-
tion and the principles of proper laboratory practice (National Standard of the 
Russian Federation GOST R 53434-2009), as well as according to the recommen-
dations of The Guide for the Care and Use of Laboratory Animals (National 
Academy Press Washington, DC 1996). Mean lethal doses were calculated [26]. 

To evaluate the effectiveness of separate and combined use of anthelmin-
tic preparation and bioactive feed additive, 2-month-old silver-black foxes (Vul-
pes vulpes L.) were divided into 4 groups of 10 animals by the methods of ana-
logs using birth dates and live weight (AO Saltykovskii Breeding Farm, 2017). 
The drugs were given to animals in accordance with the following scheme: in 
Group I, the anthelmintic preparation Niacid-Granules Plus was added twice to 
the animals' BD accepted at the farm (AI 200 μg/granule per 1 kg of animal 
weight, with an interval of 10 days, starting from the 1st day of the experiment); 
in Group II, the anthelmintic preparation Niacid-Granules Plus in the same 
dose and the preparation Bioactive Keratin in the amount of 0.2% of the daily 
protein norm (6 cycles, including 5-day courses with 10-day intervals) were add-
ed to the BD; Group III (control) consisted of intact animals that did not re-
ceive the anthelmintic preparation and the feed additive, Group IV was intact 
animals, in the BD of which the drug Bioactive Keratin was added in an amount 
of 0.2% of the daily protein norm (6 cycles including 5-day courses with 10-day 
intervals). 

During the observation period, young animals were weighed individually 
with an accuracy of 0.01 kg (electronic scales MP VD (Zh) A F-2, OOO MID-
LiK, Moscow, Russia). 

The physiological state of the animals was assessed by the results of the 
general clinical analysis of whole blood (performed at the laboratory of Moscow 
Station for the Control of Animal Diseases). The samples were taken from the 
lateral saphenous vein of a thigh (in the morning after a night's sleep before 
feeding and drinking) from 2-month-old animals before the start of the experi-
ment and from 7-month-old animals at the end of the experiment. The hemo-
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globin content, the total number of erythrocytes and leukocytes, the content and 
ratio of the main subpopulations of granulocytic leukocytes (lymphocytes, mon-
ocytes, eosinophils, neutrophils, and basophils) included in the leukocyte formu-
la were determined. 

At the end of the experiment, the obtained skins were subjected to pri-
mary processing and a quality assessment commission in accordance with GOST 
2790-88, and the basic properties of the skins (area, length, and thickness of hair 
of various categories) were determined. The thickness of the hair on the rump 
was determined by direct counting and by the number of hair roots in horizontal 
sections. Histological sections were prepared according to the standard method 
with hematoxylin and eosin staining, fixing them at the final stage under a co-
verslip with Canadian balsam [11], and examined at ½400 magnification (ZEISS 
Axio Lab. A1, Zeiss AG, Germany). 

During statistical processing of the obtained results, the arithmetic mean 
(M) and standard error of the mean (±SEM) were determined. The statistical 
significance of differences in means was evaluated by Student’s t-test [27, 28]. 

Results. Niacid-Granules Plus granules are feed bait supplemented with 
antiparasitic ingredient (200 μg AI/kg). Characterization of organoleptic, physi-
cochemical and biological properties of the preparation was performed according 
to the requirements of the State Pharmacopoeia XI [29] (Table 1).  

1. Characterization of anthelmintic Niacid-Granules Plus drug (LLC SPA Ecobi-
ovet) [29] 

Indicator  Description  
Appearance, color Brown granules weighing 300-400 mg 
Authenticity of AI (abamectin): 

avermectin B1a, % (not less) 
avermectin B1b, % (not more) 

 
85 
15 

Mass fraction of abamectin, % 200±20 µg/granule 
Toxicity, rat test-dose IV class of toxicity 
Foreign mechanical inclusions Not allowed 
Storage time  Not less than 21 months 

 

As follows from Table 1, the active ingredient of the drug Niacid-Granules 
Plus is a complex of natural non-hydrogenated avermectins B1a and B1b, which 
are stable only if the relevant established storage modes are observed [29]. 

2. Characterization of Bioactive Keratin dietary additive (Skryabin Moscow State 
Academy of Veterinary Medicine and Biotechnology, Russia) [29] 

Indicator  Description  
Appearance  Homogeneous liquid mass 
Color From light gray beige to dark gray beige 
Smell Specific 
Hydrogen indicator 6.5-7.5 
Authenticity Positive reaction to keratin 
Mass fraction of dry matter, % 3.0-10.0 
Mass fraction of keratin calculated on the dry matter, % 95.0-98.0 
The total number of mesophilic aerobic and facultative anaer-
obic microorganisms, CFU/1 g (cm3) of product Not more than 1½102 
Yeast, yeast-like, mold fungi in 1 g/cm3 of product Absent 
Bacteria of the family Enterobacteriaceae in 1 g/cm3 of prod-
uct 

  

Bacteria of the species Pseudomonas aeruginosa in 1 g/cm3 of 
product 

Absent  

Bacteria of the species Staphylococcus aureus in 1 g/cm3 of 
product 

Absent  

Toxicity, rat test-dose IV class of toxicity 
Storage time No more than 2 years 

 

Bioactive Keratin is a sulfur-containing protein that is unique in compo-
sition and properties. Keratin preparations are actively used in medicine and 
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cosmetology [12-14, 29]. However, this protein, obtained from the secondary 
products of the fur-processing industry, may be in demand in animal husbandry 
as a biologically active additive to the BD of fur-bearing animals. Bioactive Ker-
atin from tow of sheep wool has the following characteristics (Table 2). 

 

 
Fig. 1. Body weight dynamics of young silver-black foxes (Vulpes vulpes L.) upon application of an-
thelmintic Niacid-Granules Plus and sulfur-containing feed additive Bioactive Keratin: a — Niacid-
Granules Plus, b — Niacid-Granules Plus + Bioactive Keratin, c — intact animals (control), d — 
Bioactive Keratin (n = 10 per group, AO Saltykovskii Breeding Farm, 2017).  

 

In June, before the start of the experiment, the mass of 2-month-old an-
imals in all groups was approximately the same (Fig. 1), statistically significant 
differences between the groups were not revealed. After 1 month, the live weight 
of animals in all groups increased on average by 1.50-1.65 times compared with the 
previous indicators. At the same time, significant differences appeared between the 
mass of animals from Group I who received Niacid-Granules Plus and intact ani-
mals from Group III (control) (tfact. = 3.05 > ttable = 2.1 at p = 0.05). When com-
paring weight of animals from Groups II and III, it was found that with the com-
bined use of Niacid-Granules Plus and Bioactive Keratin, the mass of young ani-
mals in Group II was 9.1% higher than in the control group and approximately 2% 
higher than the indicator in the case of using only the anthelmintic preparation 
(respectively, tfact. = 7.40 > ttable = 2.1 at p = 0.05 and tfact. = 0.81 < ttable = 2.1 at 
p = 0.05). Comparison of the live weight of animals in Groups II and IV also 
made it possible to establish statistically significant differences between them 
(tfact. = 5.46 > ttable = 2.1 at p = 0.05). There were no such differences between 
Groups III and IV (tfact. = 0.34 < ttable = 2.1 at p = 0.05). The obtained results 
reliably indicate the maximum positive effect (increase in the live weight of young 
animals) with the combined use of the preparations Niacid-Granules Plus and 
Bioactive Keratin. By the end of the observation period, when comparing the av-
erage weight of animals from Group I receiving the anthelmintic preparation and 
from the control Group III, reliable (tfact. = 9.34 > ttable = 2.1 at p = 0.05) differ-
ences (19.9% excess) were revealed. Between Groups II (a combination of two 
preparation) and IV (using only Bioactive Keratin), there were also significant 
(tfact. = 10.11 > ttable = 2.1 at p = 0.05) differences in favor of the joint use of 
the preparations (24.5% increase).  

The indicators characterizing the growth rate of young silver-black foxes 
are presented in Table 3. 

A general clinical blood test, which allows making a general assessment 
of the physiological status of animals, showed (Table 4) that at the beginning of 
the experiment (before using the preparations), despite some fluctuations, the 
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indices in the groups did not differ significantly. Thus, the content of hemoglo-
bin, which is responsible for the transport of oxygen from the lungs to tissues 
and organs, ranged from 7.5 to 8.6%, red blood cells from 4.0 to 4.6 million/ml, 
white blood cells from 13.1 to 14.9 thousand/ml. It should be noted that at the 
beginning of the experiment, the young animals were not yet treated with an-
thelmintic drugs and the obtained values, in all probability, indicate the presence 
of a weak toxocariasis infestation, the cause of which could be infection both in 
utero and with mother's milk or through swallowing infective eggs with feed or 
water [30]. It is known that during helminthiases, the content of hemoglobin in 
the blood of fur-bearing animals decreases due to blood loss because of 
posthemorrhagic anemia caused by Toxocara feeding on blood, which damage 
the intestinal membrane and other internal organs [17, 31]. 

3. Body weight gain in young silver-black foxes (Vulpes vulpes L.) upon application 
of anthelmintic Niacid-Granules Plus and sulfur-containing feed additive Bioactive 
Keratin (М±SEM, n = 10 per group, AO Saltykovskii Breeding Farm, 2017) 

Groups  Absolute,kg Relative, % Daily, g 
I (Niacid-Granules Plus) 3.4±0.1 78.6±5.7 114.3±9.0 
II (Niacid-Granules Plus + Bioactive Keratin) 3.9±0.2 84.0±6.4 130.3±11.5 
III (intact animals, control) 2.3±0.1 60.0±5.3 78.0±5.5 
IV (Bioactive Keratin) 2.6±0.1 65.8±5.6 87.7±5.7 
N o t е. For a description of drug application scheme in the groups, see the Techniques section. 

 

4. Clinical blood test results of young silver-black foxes (Vulpes vulpes L.) upon ap-
plication of anthelmintic Niacid-Granules Plus and sulfur-containing feed additive 
Bioactive Keratin (М±SEM, n = 10 per group, AO Saltykovskii Breeding Farm, 
2017 

Groups 
Начало опыта (1-е сут) Окончание опыта (210-е сут) 

HGB, g/% RBC,½106/ml WBC, ½103/ml HGB, g/% RBC, ½106/ml WBC, ½103/ml 
I (NGP) 7.9±0.7 4.2±0.3 13.8±0.9 13.2±1.1 7.3±0.6 6.4±0.5 
II (NGP + BK) 8.4±0.6 4.0±0.4 13.6±1.2 13.9±1.2 7.7±0.6 5.3±0.3 
III (IA, control) 8.2±0.6 4.4±0.2 14.4±1.0 7.0±0.5 3.9±0.4 14.8±1.0 
IV (BK) 8.0±0.3 4.3±0.3 14.1±1.2 7.3±0.4 4.0±0.4 14.4±1.0 
N o t е. NGP — Niacid-Granules Plus, NGP + BK — Niacid-Granules Plus + Bioactive Keratin, IA — intact 
animals, BK — Bioactive Keratin; HGB — hemoglobin, RBC — red blood cells, WBC — white blood cells. For a 
description of drug application scheme in the groups, see the Techniques section. 

 

After anthelmintic treatment with Niacid-Granules Plus (separately and in 
combination with a sulfur-containing keratin additive), hematological parameters 
began to change. In Group I, where only anthelmintic preparation was used, the 
hemoglobin content increased by 1.7 times, while in Group III (control), by day 
210, it decreased by 14.6% compared with the initial one (tfact. = 1.30 < ttable = 2.1 
at p = 0.05). The established fact indicates an increase in infestation without de-
worming of young animals. In Group II, where bioactive keratin was used together 
with the preparation Niacid-Granules Plus, the hemoglobin level increased by 1.9 
times. In Group IV, where animals received only bioactive keratin, the hemoglobin 
level by the end of the experiment decreased by 8.75% (tfact. = 1.40 < ttable = 2.1 at 
p = 0.05) from the initial one. 

The obtained results indicate that the preparation Bioactive Keratin, used 
as a feed additive, somewhat inhibited the destruction of red blood cells, and also 
acted as a detoxifier. Red blood cells fulfill the transport function, providing the 
organism with oxygen and utilizing carbon dioxide. The study of red blood cells is 
included in the general blood test during the initial diagnosis of many diseases, 
including parasitic ones [17, 31]. 

According to the obtained data, the number of red blood cells in the blood 
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of 2-month-old silver-black foxes prior to deworming ranged from 4.0-4.6 mil-
lion/ml. Apparently, these values characterize the presence of anemia as a conse-
quence of pathological processes in the body of young animals that are most sus-
ceptible to the effects of toxocariasis pathogens. In this case, anemia can also de-
velop due to a lack of iron, vitamin B12, and folic acid [4]. 

Upon anthelmintic use, the red blood cell counts in of young silver-black 
foxes began to increase. Thus, in Group I (Niacid-Granules Plus), by the end of the 
experiment, it increased by 73.8% (tfact. = 4.62 > ttable = 2.1 at p = 0.05), while in 
Group III (control), it decreased by 9.3% (tfact. = 1.12 < ttable = 2.1 at p = 0.05). 
With the combination of anthelmintic and feed additives, the same indicator in-
creased by 66.7% (tfact = 5.13 > ttable = 2.1 at p = 0.05). In Group IV, where ani-
mals received only a feed additive, the number of red blood cells in the blood de-
creased by 7.0% by the end of the experiment (tfact = 0.60 < ttable = 2.1 at p = 0.05) 
from the initial one. Obviously, the peptides formed during the hydrolytic cleavage 
of bio-additives in the intestines of fur-bearing animals prevent the destruction of 
red blood cells. 

The number of leukocytes in the blood is one of the most important indi-
cators of an animal's state of health. The main function of leukocytes is to detect a 
foreign agent and neutralize it; these blood cells are the first line of defense of the 
body encountered by the pathogens colonizing it, including helminths [30, 31]. 
The content of leukocytes in the blood of young animals before the start of the ex-
periment ranged from 13.4 to 14.4 thousand/ml (see Table 4). The authors consider 
these initial data as an indication of the presence of a pathological process in the 
body of young animals, which is associated with the presence of helminths (since 
the anthelmintic treatment of animals at that time was not yet conducted). In 
Groups I and II (see Table 4), the number of leukocytes gradually decreased. In 
Group IV, where animals received only Bioactive Keratin, the number of leukocytes 
was 2.1% higher than at the beginning of the experiment (tfact = 0.19 < ttable = 2.1 
at p = 0.05), but at the same time, it is 2.7% lower than that of animals from 
Group III (tfact = 0.28 < ttable = 2.1 at p = 0.05). With the combined use of the 
anthelmintic preparation and bio-additive (Group II), the content of leukocytes in 
the blood of young animals decreased by 2.6 times. In addition, it is noteworthy 
that bioactive keratin, together with an antihelminthic preparation, contributes to 
the normalization of the composition of blood corpuscles. 

Niacid-Granules Plus had a pronounced effect on skin area, it increased by 
18.1% (tfact = 22.60 > ttable = 2.1 at p = 0.05) compared to Group III (control), 
(Table 5). 

5. Skin area of young silver-black foxes (Vulpes vulpes L.) upon application of an-
thelmintic Niacid-Granules Plus and sulfur-containing feed additive Bioactive 
Keratin (М±SEM, n = 10 per group, AO Saltykovskii Breeding Farm, 2018) 

Groups Area, cm2 
I (Niacid-Granules Plus) 2152.0±9.5 
II (Niacid-Granules Plus + Bioactive Keratin) 2198.0±11.0*  
III (intact animals, control) 1856.0±9.0 
IV (Bioactive Keratin) 1909.0±10.3 
N o t е. For a description of drug application scheme in the groups, see the Techniques section.  
* Differences with control are statistically significant at p = 0.05. 

 

Combination of bioactive keratin and anthelmintic preparation was more 
effective in terms of skin area, it was 18.4% higher (tfact = 19.20 > ttable = 2.1 at 
p = 0.05) than in Group III (control). Dietary bioactive keratin without deworm-
ing ensured an increase in the area of skins by 2.7% (tfact = 3.87 > ttable = 2.1 at 
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p = 0.05) compared to Group III. Between Groups II and IV, this indicator dif-
fered by 15.1% statistically significantly (tfact. = 24.60 > ttable = 2.1 at p = 0.05). 

The use of drugs affected the quality of the hair. The greatest length of 
all hair categories was characteristic of the lateral area of the skins in all groups, 
the smallest length in fur and transient hair was noted in the rump area, in the 
guard and aligning hair in the spinal part (Table 6). 

6. Skin hair length (mm) of young silver-black foxes (Vulpes vulpes L.) upon appli-
cation of anthelmintic Niacid-Granules Plus and sulfur-containing feed additive 
Bioactive Keratin (М±SEM, n = 50, AO Saltykovskii Breeding Farm, 2018)  

Groups Category of hair 
Locations 

spine side rump 
I (Niacid-Granules Plus) Down hair 44.7±0.1* 46.3±0.5* 43.0±0.8* 

Awn hair 52.8±0.3 53.2±0.3 52.4±0.6 
Guard hair 69.8±0.8 75.7±0.8 70.5±0.9 
Guide hair 73.0±0.7 82.0±0.7 75.7±0.6 

II (Niacid-Granules Plus + Bioactive Keratin) Down hair 46.9±0.7* 49.8±0.4* 45.9±0.8* 
Awn hair 53.6±0.4 56.9±0.5 53.2±0.3 
Guard hair 72.2±0.7 77.2±0.6 72.9±0.7 
Guide hair 74.1±0.3 84.5±0.2 82.3±0.6 

III (intact animals, control) Down hair 31.4±0.2 32.8±0.4  32.0±0.4 
Awn hair 40.2±0.1 41.7±0.6 42.1±0.2 
Guard hair 37.8±0.3 26.6±0.2 27.2±0.4 
Guide hair 62.1±0.2 54.3±0.7 57.4±0.6 

IV (Bioactive Keratin) Down hair 36.6±0.1 38.8±0.6 37.4±0.4 
Awn hair 44.0±0.2 45.6±0.4 44.1±0.2 
Guard hair 48.3±0.2 36.2±0.2 31.8±0.7 
Guide hair 65.5±0.4 58.7±0.6 60.2±0.4 

N o t е. For a description of drug application scheme in the groups, see the Techniques section. 
* Differences with control are statistically significant at p = 0.05. 

 

The length of down hair on the side of the skins in Groups I and III 
significantly increased by 4.5% (tfact. = 2.80 > ttable = 2.1 at p = 0.05) as influ-
enced by using only anthelmintic preparation. In Groups II and IV with the 
combination of an anthelmintic preparation and a bio-additive, an increase in 
the length of down hair reached 4.2% (tfact. = 3.50 > ttable = 2.1 at p = 0.05). 
Differences were also characteristic of the remaining topographic areas in 
which the length of the hair was analyzed (see Table 6). 

7. Hair thickness (microns) on the skins of young silver-black foxes (Vulpes vulpes 
L.) upon application of anthelmintic Niacid-Granules Plus and sulfur-containing 
feed additive Bioactive Keratin (М±SEM, n = 50, AO Saltykovskii Breeding 
Farm, 2018) 

Groups Category of hair 
Locations 

spine side rump 
I (Niacid-Granules Plus) Down hair 20.4±0.2 20.3±0.3 21.8±0.4 

Awn hair 47.2±0.7 45.5±0.5 50.2±0.5 
Guard hair 76.9±0.7 72.6±0.7 80.3±0.6 
Guide hair 87.9±0.7 73.8±0.2 94.5±0.6 

II (Niacid-Granules Plus + Bioactive Keratin) Down hair 21.4±0.2 21.2±0.4 22.1±0.3 
Awn hair 49.9±0.8 45.3±0.6 50.0±0.7 
Guard hair 80.3±0.7 75.6±0.6 85.7±0.9 
Guide hair 96.8±0.5 95.7±0.7 97.8±0.9 

III (intact animals, control) Down hair 22.4±0.5 21.7±0.2 23.6±0.7 
Awn hair 36.9±0.2 35.7±0.4 37.1±0.5 
Guard hair 58.4±0.6 59.6±0.6 60.1±0.4 
Guide hair 68.5±0.4 61.1±0.7 59.8±0.6 

IV (Bioactive Keratin) Down hair 24.3±0.6 23.8±0.3 24.8±0.4 
Awn hair 37.6±0.4 37.7±0.3 39.7±0.7 
Guard hair 61.8±0.9 65.1±0.9 69.9±0.3 
Guide hair 71.4±0.6 70.8±0.3 71.8±0.6 

N o t е. For a description of drug application scheme in the groups, see the Techniques section. 
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The thickness of hair (Table 7) in various topographic areas of the 
skins was studied on the same samples on which the length of the hair was 
measured. The obtained data enable to conclude that neither the anthelmintic 
preparation Niacid-Granules Plus, nor its combination with the feed additive 
Bioactive Keratin affected the thickness of the hair of the skins in comparison 
with the control (tfact. = 1.8 < ttable = 2.1 and tfact. = 1.3 < ttable = 2.1, respec-
tively, at p = 0.05). The same was noted for Group IV.  

The density of hair on skin was estimated by the number of primary and 
secondary follicles, as well as by direct counting of all hair categories per unit 
area (1 cm2) of samples taken from the rump part of the skin (Table 8).  

8. Hair density on the skins of young silver-black foxes (Vulpes vulpes L.) upon ap-
plication of anthelmintic Niacid-Granules Plus and sulfur-containing feed additive 
Bioactive Keratin (М±SEM, n = 10, AO Saltykovskii Breeding Farm, 2018)  

Groups 
Average number of hair follicles  
per microscope field of view 

Total hair numberper 
unit area (1 cm2) 

primary secondary 
I (Niacid-Granules Plus) 14.3 1.4 14322±468 
II (Niacid-Granules Plus + Bioactive Keratin) 15.7 1.6 15670±580* 
III (intact animals, control) 11.1 1.0 12576±462 
IV (Bioactive Keratin) 12.3 1.1 13009±359 
N o t е. For a description of drug application scheme in the groups, see the Techniques section.   
* Differences with control are statistically significant at p = 0.05. 

 

A B 

  
C D 

  
Fig. 2. Horizontal histological sections of the skin tissue of silver-black fox (Vulpes vulpes L.) pelt as 
influenced by anthelmintic Niacid-Granules Plus (A), Niacid-Granules Plus in combination with the 
sulfur-containing feed additive Bioactive Keratin (B), in intact animals (control) (C) and when using 
Bioactive Keratin (D) AO Saltykovskii Breeding Farm, 2018). Staining with hematoxylin and eosin, 
magnification ½400; arrows indicate bunches of hair.   

 

The use of Niacid-Granules Plus had a positive effect on the downiness 
of the skins: the total number of all hair categories per 1 cm2 was 13.9% higher 
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(tfact. = 2.66 > ttable = 2.1 at p = 0.05) than in control. Combination of the anthel-
mintics and bioactive keratin significantly (tfact. = 4.17 > ttable = 2.1 at p = 0.05) 
increased hair density by 24.6% compared to control, whereas bioactive keratin 
only by 3.4% (tfact. = 0.74 < ttable = 2.1 at p = 0.05). Consequently, the com-
bined application of the studied preparations had the greatest positive effect. It is 
obvious that the anthelmintic drug contributed to the healing of the young sil-
ver-black foxes, due to which bioactive keratin stimulated the growth of the 
thicker hair to the maximum extent. 

Many authors note that it is keratin that stimulates hair growth, increas-
ing their density due to the activation of embryonic follicles [11]. To test this 
hypothesis, horizontal histological sections were prepared from samples of the 
same skins taken from the rump part (Fig. 2). 

Our findings substantiate application of Niacid-Granules Plus in combi-
nation with Bioactive Keratin as an element of the technology for growing 
slaughtered young silver-black fox to improve the physiological condition of an-
imals and obtain more qualitative skins. Niacid-Granules Plus is recommended 
to be used 2 times with a 10-day interval at the age of 2 months, and Bioactive 
Keratin should be added to the main diet in six cycles (5-day courses with 10-
day intervals). 

Thus, deworming of young silver-black foxes ages 2 months using a new 
generation of Niacid-Granules Plus drug followed by application of dietary Bio-
active Keratin contribute to the accelerated normalization of the physiological 
status of young silver-black foxes, which is confirmed by clinical indicators of 
blood, and significantly affect the live weight gain. When using both prepara-
tions, the weight of young silver-black foxes increased by 30.4%, the area of the 
obtained skins by 18.4%, the density of the hair by 24.6% compared to the same 
parameters for intact animals. This allows us to recommend Niacid-Granules 
Plus in combination with feed additive Bioactive Keratin for practical use in an-
imal husbandry to improve the well-being of animals and the quality of marketa-
ble products obtained from them.  
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