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Abstract. It was found that the inclusion of water enriched with 
molecular hydrogen into the diet of a long-tailed chinchilla changed the fur 
quality indicators. In animals of the experimental group, the guard and 
downy hairs were thinner than in the control group. The length of downy 
hair in the experimental group was higher, the number of hairs in the 
follicle in the chinchillas of the experimental group was greater than in the 
control group, besides, the hair was stronger and softer. The animals of the 
experimental group showed less tendency to gnaw out fur. When 
considering the data on the chemical composition, it was found that in the 
dry matter of the hair of the animals of the experimental group, there were 
less organic substances, and there were more minerals in comparison with 
the animals of the control group. 

1 Introduction 
To obtain fur products in modern fur farming, various types of animals are used, both 
carnivorous (minks, black-brown foxes) and herbivores (nutria, rabbits). Since the 19th 
century, a long-tailed chinchilla (Chinchilla lanigera), a rodent that lives in South America, 
has been bred as a source of valuable fur on the market in Europe and North America. Due 
to intensive hunting, animals almost completely disappeared in the wild, and their small 
colonies have survived only in Chilean reserves [1]. All over the world, chinchillas are 
raised on farms for fur, kept as laboratory and domestic animals [2-6]. In January 2015, 
Chinchilla lanigera in the Russian Federation was entered into the State Register of 
Breeding Achievements Permitted for Use in Fur Farming [7, 8]. 

A feature of chinchilla fur is poor hair differentiation. Except for the guides, which 
make up less than 1% of the total amount of hair [9]. The hair of chinchillas is more 
characterized by downy and outer hairs. Guard and guide hairs, they are also called coverts, 
form the upper tiers that cover the layer of intermediate and downy hairs, thereby protecting 
the hairline [10, 11]. Downy hairs differ little in shape, length and thickness from each 
other. The main criterion for distinguishing different categories of hair is the number of 
rows of core cells in the main part of the hair shaft. In the guide hairs in the main part of the 
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shaft, the core consists of 3 rows of cells; in the guard hair, it consists of 2 rows. Downy 
hair has a single-row pith in the main part of the hair shaft (Fig. 1). The core is more than 
half the thickness of the hair shaft, which reduces the thermal conductivity of the chinchilla 
fur and is an adaptation to the harsh climatic conditions of the natural habitats of animals. 
In terms of density, the chinchilla fur surpasses the fur of most fur animals. On 1 cm2 of the 
sacral part of the body there are up to 25,000 hairs, on the abdomen – about 14,000. The 
height of the hair cover in Chinchilla lanigera reaches 33-34 mm. To determine the value of 
chinchilla fur, the density, height and evenness of the cover, the thickness and softness of 
the hairs are important. A dense, fully high-quality cover in the younger generation grows 
by 8-12 months, during the period when immature fur is replaced by an adult one [12]. The 
softness of the fur coat, also called delicacy (tenderness), depends on the thickness, density 
and height of the hairs [13]. 

The quality of raw fur (raw skins) largely depends on the conditions of keeping, 
feeding, the introduction of various additives into the diet and the biological characteristics 
of animals [19]. To increase productivity and maintain the health of animals, antioxidants, 
natural inhibitors of free radical oxidation, are increasingly introduced into feed [20-24]. 
Molecular hydrogen also belongs to such means [25-28]. 

Molecular hydrogen is an antioxidant with favorable physicochemical properties for the 
body, it is electrically neutral and has a lower molecular weight in comparison with oxygen 
[29, 30]. Molecular hydrogen can easily penetrate into cell membranes, nucleus, and 
mitochondria [31]. In addition, molecular hydrogen does not have a negative effect on 
physiological processes occurring both inside the cell and on the parameters of the body as 
a whole (temperature, blood pressure, pH) [32]. 

Molecular hydrogen (H2) is an efficient and non-toxic molecule with the potential to 
neutralize reactive oxygen species [33-36]. The biological properties of H2 were first 
studied in 1970 [37]. In 1975, M. Dole in Science published an article that hyperbaric 
hydrogen therapy reduced the size of tumors in nude mice [38]. Numerous experiments 
have shown that molecular hydrogen has an effect in the treatment of neurological diseases, 
including brain damage, Alzheimer's disease, Parkinson's disease, and so on [39-42]. 
Studies by K. Nagata confirmed that an abundant intake of molecular hydrogen-rich water 
(HRW) reduced oxidative stress in the brain and prevented stress induced in mice caused 
by physical isolation of animals [43]. Ethological observations have shown that the 
inclusion of HRW in the diet of Chinchilla lanigera increases the proportion of active 
behavior in the daily balance by an average of 24% [44]. Molecular hydrogen can be 
introduced in various ways: by inhalation of H2; with water enriched in molecular 
hydrogen; taking molecular hydrogen baths; using eye drops with molecular hydrogen [45-
49]. The enrichment of the body with H2 increases the concentration of the hydrogen 
antioxidant in the blood [50]. Sometimes HRW intake can be more effective than inhalation 
of H2, although the concentration of molecular hydrogen in water is less than inhalation 
[51-53]. Saturation of water with molecular hydrogen reaches its peak concentration in 5-15 
minutes and returns to baseline values after 45-90 minutes after ingestion [54]. Excess 
molecular hydrogen is harmless because it is rapidly excreted from the body through the 
lungs [55]. 

Taking into account the numerous advantages of molecular hydrogen, it should be noted 
that it is also a radio protective agent [56-59]. The effect of HRW on the fur productivity of 
Chinchilla lanigera is not described in the literature, therefore, the purpose of our work was 
to study the effect of HRW on the quantitative and qualitative characteristics of the hairline 
to assess the quality of the fur of the long-tailed chinchilla. 
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2 Materials and methods 

For the study, ten pairs of clinically healthy male and female Chinchilla lanigera two 
months of age with an average weight of 268 grams were selected. The animals were 
housed in pairs in separate cages at a constant temperature (19 ± 2 ° C) with 12-hour day / 
night cycles and free access to food and water. Feeding was carried out ad libitum 
granulated feed for chinchillas. 

Wooden blocks were placed in each cage for grinding the incisors. Watering of both 
groups of animals was carried out with an automatic watering system with the only 
difference that an apparatus for generating HRW "Lourdes HS-81" was connected to the 
automatic watering system of the experimental group. The concentration of molecular 
hydrogen at the outlet of the nipple drinkers of the experimental group was 0.1-1.1 ppm, 
depending on the operating mode of the apparatus. The apparatus for generating H2 was 
turned on twice a day (H2 generation mode) in the morning and in the evening for 30 
minutes, until the timer turned off, the rest of the time it worked in standby mode. 

The quality of the chinchilla fur was assessed according to the following criteria: the 
length and diameter of the guides, guard and downy hairs and the number of hairs in the 
follicle. Hair samples were taken from the sacrum area. Microscope slides and a millimetre 
ruler were used to determine the length of the various hair categories in the extended state. 

Determination of the thickness of hair of various categories was carried out using an 
electron microscope and a computer application. The hairs were placed on a glass slide and 
under an average microscope magnification (7x40) using an eyepiece micrometre, then 
photographs were taken using a Panasonic DMC-FS42 camera and their diameter was 
analysed in the ImageJ computer program. Hair length was measured using a binocular 
electron microscope. 

The softness of the hairline was calculated using the softness coefficient, defined as the 
ratio of the hair thickness at the widest point to its length. 

The hair density was measured by the method of direct counting of the number of hairs 
in one bundle, previously removed from the sacrum area. 

Hair strength was determined with a DSH-3M-2 dynamometer with a maximum load of 
3 cH. The breaking load was determined by breaking 25 hair bundles with a length of 25 
mm and an average weight of 4 mg. With tweezers, the hair bundles were taken from the 
plate and clamped (up to half of its length) in the upper clamp removed from the device. 
Then the clamp was put in place. The other end of the bundle was clamped in the lower 
clamp so that all hair in the clamped bundle were equally taut. The breaking load was 
determined on the scale of the device. After breaking all the bundles, the fibers were 
carefully collected with tweezers in a weighing bottle and weighed on an analytical balance 
with an error of no more than ± 0.1 mg. 

Chinchilla fur gnawing areas were recorded using a Panasonic DMC-FS42 camera at 
the end of each decade (10 days) for 9 decades (90 days), as a result of electronic 
photographic recording, colour "jpg" files were obtained. The results were digitized using 
the ImageJ program with the determination of the area and degree of the damaged area of 
the hairline for each animal. 

The damaged fur areas were divided into 4 groups: 
0 degree - gnawing of fur 0% (no damage to the hairline); 
1 degree - gnawing fur from 1% - 20% (moderate damage to the hairline); 
2 degree - gnawing fur 21% - 40% (extensive damage to the hairline); 
3 degree - gnawing fur 41% - 60% (damage to the hairline is large). 
Further, the fur damage coefficient (CFM) in the group was calculated using the 

formula: CFM = [0 degree * N0 + 1 degree * N1 + 2 degree * N2 + 3 degree * N3] / n, 
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where N0, N1, N2, N3 is the number of objects with a degree of 0, 1, 2 and 3 points, 
respectively, n is the number of objects. 

The digital material was processed by the method of variation statistics using the 
MsExcel program. To identify statistically significant differences, the Student-Fisher test 
was used. 

3 Results and discussion 
When examining the hairline, it was found that the guide hairs (Fig. 1) in males in the 
control group are 5% thicker than in males in the experimental group. In females of the 
control group, the diameter of the guide hairs was 20% larger than in females of the 
experimental group (Table 1). On average for the group, the difference was 13%. The 
length of the guide hairs in males and females of both groups, on average, was 
approximately the same (Table 1). 

 
Fig. 1. Hair categories of Chinchilla lanigera: 1- guiding hair; 2 - guard hair; 3 - downy hair. 

The guard hairs (Fig. 1) in males of both groups practically did not differ in thickness. 
In females of the control group, the diameter of the guard hairs exceeded that of females in 
the experimental group by 6%. On average, in the experimental group, the thickness of the 
guard hair was less by 4% (p˂0.05) than in the control group (Table 1). The length of the 
guard hairs in males of both groups was 28 mm, and in females of the control group it was 
3% longer. On average, there were no significant differences in hair length among the 
groups. 

Table 1. Morphohistological indicators of the hairline of Chinchilla lanigera in the sacrum region. 

indicator 
group 

control experimental 
males females overall males females overall 

hair 
thickness, 

µm 

guiding 32±1.0 40±6.8 36±3.5 31±0.30 32±1.2 31±0.7 
guard 20±0.3 22±0.4 21±0.3 20±0.2 20±0.3 20±0.2* 
downy 13±0.2 14±0.6 13±0.1 12±0.1*** 13±0.1*** 13±0.1*** 

hair 
length, 

mm 

guiding 31±0.1 32±0.2 31±0.1 31±0.2 31±0.3 31±0.2 
guard 28±0.1 29±0.2 28±0.1 28±0.1 29±0.1 28±0.1 
downy 26±0.2 27±0.3 26±0.2 26±0.1*** 27±0.3 27±0.1*** 

number of hairs in a 
bundle, pcs. 25±1.5 27±1.5 26±1.0 45±3.5*** 40±1.4*** 42±1.5*** 

Note: here and below * - the difference between the control and experimental group with a reliability 
of * - p˂0.05; ** - p˂0.01; *** - p˂0.001. 
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In the category of down hair (Fig. 1) in males and females of the experimental group, it 
was found that their thickness was 6% less (p˂0.001) than in animals of the control group. 
The length of down hair in males in the experimental group is 3% longer than in the control 
(p˂0.001) (Table 1). In females of the experimental group, the length of downy hair was 
2% more than in the control group. On average, in males and females of the experimental 
group, the length of down hair was 3% more (p˂0.001) than in the control group. 

When examining the hair in the bundle, it was revealed that the number of hairs in 
males of the experimental group was 43% more than in the control group, in females of the 
experimental group - by 33% (p˂0.001) more. On average for the group, the difference was 
38% (p˂0.001) (Table 1). 

The coefficient of hair softness in males in the experimental group was 0.46, which is 
4% less (p˂0.01) than in males in the control group (Table 2). In females of the 
experimental group, the softness coefficient was 0.45 (p˂0.001), which is 10% less than in 
the control group (Table 2). Thus, the data obtained indicate a greater silkiness of the fur of 
the animals of the experimental group by an average of 6% (p˂0.001) in comparison with 
the control group. 

Table 2. Technological indicators of hair of Chinchilla lanigera in the region of the sacrum. 

indicator 

group 

control experimental 

males females overall males females overall 
hair 

softness 
coefficient, 

C*10-3 

0.48±0.006 0.50±0.008 0.49±0.005 0.46±0.006** 0.45±0.005*** 0.46±0.004*** 

hair 
strength 

coefficient, 
сН/tex 

6.3±0.20 7.2±0.18 6.8±0.20 7.4±0.29* 7.8±0.16* 7.6±0.18** 

fur chewing 
coefficient 1.2±0.50 4.5±1.02 2.8±0.68 0.3±0.18 0.3±0.24** 0.3±0.15*** 

According to the coefficient of hair strength of animals, it was found that in males in the 
experimental group this indicator was 7.4 (p˂0.05), which is 15% more than in the control 
(Table 2). In females of the experimental group, the coefficient of hair strength was 7.8 
(p˂0.05), which is 8% more than in the control group (Table 2). This fact testifies to the 
greater strength of the hair of the animals of the experimental group by an average of 11% 
(P˂0.01) in comparison with the control group. 

As a result of observing the condition of the fur of chinchillas for 90 days, it was found 
that in the first decade, gnawing of fur was not observed in both groups. 

In the second decade, 20% of males in the control group showed first-degree gnawing 
of fur (Figs. 1, 2), and in 60% of females of the control group - in 67% of cases of the first 
and 33% of the second degree (Fig. 4). Fur gouging was not observed in the experimental 
group. 

In the third decade, 20% of males in the control group showed gnawing of fur of the 
second degree, in 80% of females of the control group - in 50% of cases of the first, 25% of 
the second and 25% of the third degree. Fur gouging was not observed in the experimental 
group. 

In the fourth decade, 20% of males in the control group were observed gnawing fur of 
the second degree, and in 60% of females of the control group - in 33% of cases of the first 
and 67% of the second degree. In the experimental group, fur chewing did not appear. 
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In the fifth decade, 20% of males in the control group showed first-degree gnawing of 
fur, in 80% of females in the control group - in 50% of cases of the first, 25% of the second 
and 25% of the third degree. Fur chewing was not observed in the experimental group. 

 
Fig. 2 The degree of the damaged hairline of Chinchilla lanigera: A - 0 degree; B - 1 degree; C - 2 
degree; D - 3 degree. 

 
Fig. 3 Dynamics of gnawing of fur in males of Chinchilla lanigera. 1-9 - periods of raising animals. 

 
Fig. 4 Dynamics of gnawing of fur in females of Chinchilla lanigera. 1-9 - periods of raising animals. 
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Fig. 4 Dynamics of gnawing of fur in females of Chinchilla lanigera. 1-9 - periods of raising animals. 

In the sixth decade, 20% of males in the control group had first-degree gnawing of fur, 
and in 80% of females of the control group - in 50% of cases of the first and 50% of the 
second degree. There was no fur gnawing in the experimental group. 

In the seventh decade, 40% of males in the control group showed fur gnawing in 50% of 
cases of the first and 50% of the third degree, in 100% of females of the control group - in 
40% of cases of the first, 40% of the second and 20% of the third degree. In the 
experimental group, 40% of the males showed fur gnawing in 50% of the first and 50% of 
the third degree, and in 20% of the females in the experimental group of the first degree. 

In the eighth decade, fur gnawing was observed in 40% of males in the control group in 
50% of cases of the first and 50% of the third degree, in 80% of females in the control 
group - in 75% of cases of the second and 25% of the third degree. In the experimental 
group, 20% of males showed third-degree gnawing of fur, and 40% of females in the 
experimental group - in 50% of cases of the first and 50% of the second degree. 

In the ninth decade, fur gnawing was manifested in 40% of males in the control group in 
50% of cases of the first and 50% of the third degree, in 100% of females in the control 
group - 40% of the first, 20% of the second and 40% of the third degree. In the 
experimental group, 20% of males showed third-degree gnawing of fur, and 20% of 
females in the experimental group of the first degree. 

When calculating the coefficient of gnawing fur, it was found that in males and females 
of the experimental group, this indicator was 75% less than in males in the control group, 
and 93% (p˂0.01) less than in females in the control group. The obtained data on the 
coefficient of fur gnawing show that the animals of the experimental group showed less 
tendency to gnaw fur on average by 89% (p˂0.001) than the chinchillas of the control 
group (Table 2). 

Insignificant differences were revealed in the chemical composition of the hairline in 
both groups. In the control group, the dry matter ratio was 93%, and the moisture content 
was 7% (Fig. 5). In the experimental group, the dry matter indicator was lower, and the 
moisture content was 1% higher than in the control group. In terms of gender, the 
differences were identical. When analysing dry matter, it was found that in the experimental 
group there are less organic substances and more mineral substances by 1% (p˂0.05) than 
in the control group. 

 
Fig. 5 Chemical parameters of hair of Chinchilla lanigera in the region of the sacrum. 
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4 Conclusion 
As a result of an experimental study, we found that the inclusion of water enriched with 
molecular hydrogen in the diet of a long-tailed chinchilla has a beneficial effect on the 
condition of the hairline. According to the area of the damaged area of fur (as a result of 
biting off the fur), it was found that in males of the experimental group, the coefficient of 
gnawing fur was 75% less than that of males in the control group, and in females of the 
experimental group - by 93% (p˂0.01) less than in females of the control group. On 
average, the animals of the experimental group showed a lesser tendency to gnaw out fur by 
89% (p˂0.001) than in the control group. 

There was also a difference in hair thickness: on average, in the experimental group, the 
guard hairs were thinner by 4% (p˂0.05), compared with the control group, down hair in 
the experimental group was thinner by 6% (p˂0.001) than in animals of the control group. 
On average, the length of down hair in the experimental group was 3% higher (p˂0.001) 
than in the control group. 

When studying the number of hairs in the bundle, it was found that males in the 
experimental group had 43% more hairs than in the control group, females in the 
experimental group had more hairs by 33% (p˂0.001). On average, in the experimental 
group, the indicator was 38% higher (p˂0.001). 

When calculating the coefficient of fur softness, it was found that in males of the 
experimental group the indicator is 4% (p˂0.01) less than in males in the control group, and 
in females of the experimental group it is 10% (p˂0.001) less than in females. control 
group. Thus, the data obtained indicate a greater silkiness of the fur of the animals of the 
experimental group by 6% (p˂0.001) in comparison with the control group. 

When analyzing the strength of the hair of animals, it was found that in males in the 
experimental group, the strength coefficient was 15% (p˂0.05) higher than in the control 
group, and in females in the experimental group - by 8% (p˂0.05) more than in the control 
group. On average, in the experimental group, the hair strength was 11% higher (p˂0.01) 
compared to the control group. 

When considering the data on the chemical composition, it was found that in the dry 
matter of the experimental group there are less organic substances and more mineral 
substances by 1% (p˂0.05), compared with the control group. 
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4 Conclusion 
As a result of an experimental study, we found that the inclusion of water enriched with 
molecular hydrogen in the diet of a long-tailed chinchilla has a beneficial effect on the 
condition of the hairline. According to the area of the damaged area of fur (as a result of 
biting off the fur), it was found that in males of the experimental group, the coefficient of 
gnawing fur was 75% less than that of males in the control group, and in females of the 
experimental group - by 93% (p˂0.01) less than in females of the control group. On 
average, the animals of the experimental group showed a lesser tendency to gnaw out fur by 
89% (p˂0.001) than in the control group. 

There was also a difference in hair thickness: on average, in the experimental group, the 
guard hairs were thinner by 4% (p˂0.05), compared with the control group, down hair in 
the experimental group was thinner by 6% (p˂0.001) than in animals of the control group. 
On average, the length of down hair in the experimental group was 3% higher (p˂0.001) 
than in the control group. 

When studying the number of hairs in the bundle, it was found that males in the 
experimental group had 43% more hairs than in the control group, females in the 
experimental group had more hairs by 33% (p˂0.001). On average, in the experimental 
group, the indicator was 38% higher (p˂0.001). 

When calculating the coefficient of fur softness, it was found that in males of the 
experimental group the indicator is 4% (p˂0.01) less than in males in the control group, and 
in females of the experimental group it is 10% (p˂0.001) less than in females. control 
group. Thus, the data obtained indicate a greater silkiness of the fur of the animals of the 
experimental group by 6% (p˂0.001) in comparison with the control group. 

When analyzing the strength of the hair of animals, it was found that in males in the 
experimental group, the strength coefficient was 15% (p˂0.05) higher than in the control 
group, and in females in the experimental group - by 8% (p˂0.05) more than in the control 
group. On average, in the experimental group, the hair strength was 11% higher (p˂0.01) 
compared to the control group. 

When considering the data on the chemical composition, it was found that in the dry 
matter of the experimental group there are less organic substances and more mineral 
substances by 1% (p˂0.05), compared with the control group. 
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